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We are delighted to welcome you to the latest in the series of ESA-sponsored conferences, in
collaboration with STScl, which highlight the scientific impact of the Hubble and James Webb
Space Telescopes. With both missions in science operations, we are unlocking many of the
mysteries of the Universe, in what is a tremendously exciting time for astronomy. A key topic
that underpins a broad range of current research is the chemical evolution of the Universe, from
the production of heavy elements in the first stars, the enrichment over successive generations
of star-formation and stellar death in galaxies, and the complex chemistry in the interstellar
medium and stellar environments which build-up the molecules we are now probing in
exoplanet and solar system planetary atmospheres.

Hubble is approaching the remarkable 36™ anniversary of its launch. The Hubble mission, a
multi-decade partnership between NASA and ESA, continues to surprise and excite us with its
discoveries, and its ultraviolet-visible capabilities will remain unique for years to come. The
NASA/ESA/CSA Webb mission, now into its fourth year of science operations, is also
transforming the astronomical landscape with its unprecedented infrared imaging and
spectroscopy. An excellent example of how the two missions are working in scientific synergy
is the ongoing Rocky Worlds Director’s Discretionary Time program.

The science program will feature a combination of invited and contributed talks and posters
with the objectives to:

« Highlight the latest Hubble and Webb results in studies of chemical evolution and
nucleosynthesis over all scales, from understanding the chemistry of nearby
protoplanetary disks and planetary atmospheres, to the earliest enrichment by the first
galaxies and stars.

o Explore what the most pressing scientific questions are for Hubble and Webb in the
coming decade, and where their unique capabilities will have the most impact.

« |dentify new opportunities of where Hubble and Webb can work in concert with other
space-borne and ground-based facilities, to enable new scientific breakthroughs.
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Conference Schedule

Monday 13 April

09:00

09:15

09:35

09:55

10:15

10:30

11:00

11:30

12:00

12:30

12:45

Session 1: Introduction
Chair: Chris Evans (ESA)

Welcome & Introductions
Chris Evans (ESA), Manuel Gudel (U. Vienna), Jennifer Lotz (STScl)

ESA’s Science Programme
Markus-Kissler Patig (I), ESA

Hubble’s Status and Outlook at 36 Years Young
Julia Roman-Duval (I), STScl

Beyond Expectations: JWST Status and Outlook
Tom Brown (1), STScl

The Nancy Grace Roman Space Telescope: Coming Soon to an L2 Near You
Kristen McQuinn (I), STScl

Coffee

Session 2: From Exoplanet Atmospheres to Primordial Nucleosynthesis
Chair: Chris Evans (ESA)

What Do We Know About Exoplanet Chemistry and What’s Next?
Hannah Wakeford (1), University of Bristol

Laboratory Astrophysics of PAHSs, Fullerenes, & Clusters: State of the Art & Emerging Challenges
Christine Joblin (1), IRAP Toulouse

Origins and Production of Nitrogen
Danielle Berg (1), University of Texas at Austin

JWST Spectroscopy of Young Free-Floating Planetary-Mass Objects and their Disks
Ray Jayawardhana (C), JHU

Lunch
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Pillar I: Nucleosynthesis over cosmic time

Session 3: Chemical Evolution of the Universe
Chair: Angela Adamo (Stockholm)

Evolution of the Universe
Sandro Tacchella (1), University of Cambridge

Nitrogen on Fast-Forward: Tracing Accelerated Chemical Enrichment in the Early Universe with JWST
Elisa Cataldi (C), University of Florence [Remote]

Pedal to the Metal(s): Precision Gas-Phase Abundances Across Cosmic Time with JWST
Noah Rogers (C), Northwestern University

A Census of Oxygen in Gas-Rich, Star-Forming Low-Mass Galaxies in the Nearby Universe
Kristen McQuinn (C), STScl

How Many & How Much? Probing Number Densities & Abundances of N-enhanced Galaxies at High-z
Benjamin Navarrete (C), ISTA

Coffee

Session 4: Pillar | & Science Archives Poster Context Talks
Chair: Paule Sonnentrucker (ESA)

First MIRI/MRS Observations of IRS3 and IRS7, two sources in the harsh environment of SqgrA*
Macarena Garcia Marin (P), ESA

Direct Measurements of ISM Kinematics with Multi-Epoch HST & JWST Data
Martin Piecka (P), University of Vienna

PAHSs as Probes of ISM Astrochemistry in Star-Forming & AGN-Dominated Environments
Karin Menendez-Delmestre (P), Universidade Federal do Rio de Janeiro

FEAST: JWST/NIRCam Close-up View of the Dance Between Two Dwarf Galaxies
Giacomo Bortolini (P), University of Stockholm

Poster viewing
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Unveiling the Spectral Properties of Emerqging Star Clusters in NGC628 with JWST/NIRSpec
Helena Faustino Vieira (P), University of Stockholm

The European Hubble Space Telescope Science Archive: Visualize, Retrieve & Extract Science from
HST Data!
Javier Espinosa (P), Starion Group for ESA

Discover the European James Webb Space Telescope Science Archive, eJWST
Maria Arevalo (P), Starion Group for ESA

A Revitalized Hubble Spectroscopic Legacy Archive and the Chemistry of Exo-Asteroids
John Debes (P), AURA/STScl for ESA

Poster viewing

Reception
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Tuesday 14 April

09:00

09:30

09:45

10:00

10:15

10:30

11:00

11:30

11:45

12:00

12:15

Session 5: The Metal-poor Universe & Population Il
Chair: Annalisa De Cia (ESO)

The Metal-poor Universe & Population Il
Eros Vanzella (1), INAF, Bologna

Catching Cosmic Abyss Galaxies with HST & JWST: From Demographics to Primordial Galaxy
Candidates
Thibaut Moutard (C), ESA

Understanding the Chemical Enrichment of the Early Universe with JIWST EXCELS
Thomas Stanton (C), University of Edinburgh

Dissecting Chemical Enrichment & Nucleosynthesis up to the First Stars Through Gamma-ray Bursts
Susanna Vergani (C), Observatoire de Paris, Meudon

Gas-phase Metallicity Gradients Probing Galaxy Evolution at z~6-8
Giacomo Venturi (C), Scuola Normale Superiore, Pisa

Coffee

Session 6: Nucleosynthesis of Heavy Elements
Chair: Ylva Goétberg (ISTA)

Nucleosynthesis of Heavy Elements
lan Roederer (1), North Carolina State University

JWST Spectroscopic Stellar Abundance Patterns Probe Detailed Evolution of Isolated Dwarf Galaxies
Katie Sharpe (C), UC Berkeley

Buildup of Metals from z~10 to the Local Universe
Danial Langeroodi (C), University of Copenhagen

The First Measurements of Chemical Enrichment Patters in the Circumgalactic Medium of Dwarf

Galaxies

Sean Johnson (C), University of Michigan

Conference photo, then Lunch
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Session 7: Rocky Worlds DDT & Science Archives
Chair: Paule Sonnentrucker (ESA)

14:00 Can Rocky Worlds Around M Dwarfs Retain Their Atmospheres? The Rocky Worlds DDT

Programme
Néstor Espinoza (I), STScl

14:20 ESA Science Archives for JWST and HST: From Data Discovery to Visualisation
Deborah Baines (), ESA

14:40 Enabling Data Discovery and Reproducible Research for HST and JWST Data with the ESA Datalabs
Science Platform
Marcos Lépez-Caniego (1), Aurora for ESA

15:00 Hands-On Archive Session

15:30 Coffee

Session 8: Pillar Il Poster Context Talks
Chair: Angela Adamo (Stockholm)

16:00 From Jupiter-Family Comet to Centaur Again: Characterization of the Active Centaur 39P/Oterma
Charles Schambeau (P), University of Central Florida

16:05 Using Atmospheric Types of Rocky Exoplanets to Constrain Planetary Surfaces
Oliver Herbort (P), University of Vienna

16:10 How Pipeline-Level Differences Impact Exoplanet Atmospheric Characterisation
Simon Schleich (P), University of Vienna

16:15 Probing Magnetic White Dwarf Atmospheres: HST UV Constraints & JWST Prospects for ZTF J1901+1458
Aayush Desai (P), ISTA

16:20 A Visitor from the Outer Kuiper Belt - The Unusual Organic-rich Coma of Centaur C/2023 RS61
Eva Lilly (P), Planetary Science Institute

16:25 The Role of Stellar Abundances & Opacity Choices in interpreting HD-149026b JWST Emission Spectra
Priyanka Baghel (P), NISER

16:30 Poster viewing
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Atmospheric Characterization of WASP-69b: A Laboratory for the Study of Cloud & Chemical
Processes
Patricio Cubillos (P), OEAW, Graz

Revealing 3D Atmospheric Structure on Gaseous Exoplanets Through Carbon and Sulfur Chemistry
Nidhi Bangera (P), OEAW, Graz

Evidence of Titanate Clouds in the Day-side Atmosphere of the Ultra-Hot Jupiter WASP-121b
Suman Saha (P), Universidad Diego Portales

Unexpected Metallicity Trends in super-Earths and sub-Neptunes
Barbara Soares (P), Porto

Multi-Wavelength Diagnostic for Anisotropic Magnetic Drag in WASP-18 b
Alnjona Blocker (P), OEAW, Graz

The Outflow of the Eruptive Protostar in B335 and the Ices in its Envelope
Klaus Hodapp (P), University of Hawaii

Poster viewing

Close
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Wednesday 15 April

Session 9: Massive Stars from Cosmic Dawn to z=0
Chair: Ylva Goétberg (ITSA)

09:00 Massive Stars from Cosmic Dawn to z=0
Peter Senchyna (1), Carnegie Observatories

09:30 The Emerqging Timescale of Young Star Clusters in Local Galaxies
Alex Pedrini (C), University of Stockholm

09:45 Spotting Gravitational Wave Progenitors in Hubble's FUV Spectra
Dorottya Szecsi (C), Nicolaus Copernicus University

10:00 A First Census of Individual HIl Region Abundances at Cosmic Noon
Brian Welch (C), I1SSI

10:15 Exploring the Ultraviolet Diversity of Young Core-Collapse Supernovae with HST
Wynn Jacobson-Galan (C), Caltech

10:30 Coffee

Pillar ll: The Chemical Journey from Dust & Ice to
Atmospheres

Session 10: Sources of Dust & Metal Enrichment
Chair: Annalisa De Cia (ESO)

11:00 Sources of Dust & Metal Enrichment
llse de Looze (I), Ghent

11:30 Exploring the Properties of Interstellar Dust in the Nearby Diffuse Interstellar Medium
Sascha Zeegers (C), Leiden University

11:45 Dust & PAH Clearing in NGC 4826 PHANGS Stellar Associations Revealed by Ha/Paa Extinction Mapping
Qiushi Chris Tian (C), Leiden University

12:00 Revealing the Cosmic Build-up of Interstellar Dust with HST & JWST
Julia Roman-Duval (C), STScl

12:15 Metal Oxide Hazes for JWST: Thermochemistry and Machine Learning
Deepak Bisht (P), OEAW, Graz
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Chemical Controls on the Atmospheric Stability of Rocky Exoplanets
Ivan Stankovic (P), University of Vienna

ZTF J2008+4449: A Peculiar White Dwarf Merger Remnant with a Half-ring of Circumstellar Material
Andrei Cristea (P), ISTA

(Photo-)Chemical Modeling of Jupiter: A Self-consistent Model
Nils-Martin Robeling (P), University of Vienna

Poster viewing

Lunch

Free afternoon

19:00

Conference dinner at Fuhrgassl-Huber (Neustift am Walde 68, 1190 Vienna)



https://www.fuhrgassl-huber.at/de/buschenschank-weingut-heuriger-wien.html
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Thursday 16 April

09:00

09:30

09:45

10:00

10:15

10:30

11:00

11:25

11:50

12:05

12:30

Session 11: Building-up Chemical Complexity in Star & Planet Formation
Chair: Maximilian Gunther (ESA)

Building-up Chemical Complexity in Star & Planet Formation
Tom Haworth (1), Queen Mary University of London

Debris Disks with JWST: From Dust to Colliding Worlds and Evaporating Exocomets
Matthias Samland (C), MPIA

C/Fe Ratio of Exocomets in the Beta Pic System
Théo Vrignaud (C), Institut d’Astrophysique de Paris

The Iconic Debris Disk Surrounding the White Dwarf G29-38
Tim Cunningham (C), Harvard

NASA's Pandora SmallSat: Complementing Flagship Science to Address Challenges for Exoplanets
Knicole Colon (C), NASA GSFC

Coffee
Session 12: Looking Ahead to the 2030s

Chair: Chris Evans (ESA)

Future Prospects for the ESA Science Programme
Gaitee Hussain (I), ESA

Future ESO Programme
Jarle Brinchmann (1), ESO

Future Prospects for Hubble
Jennifer Wiseman (C), NASA GSFC

Habitable Worlds Observatory: Project Status & Maturation Plans
Aki Roberge (1), NASA GSFC

Lunch



SCIENCE WITH THE HUBBLE AND
JAMES WEBB SPACE TELESCOPES VIII:

Enriching the Universe:

Nucleosynthesis to

: =20 R
From Primordial EMEMHWMW : 2

14:00

14:30

14:45

15:00

15:15

15:30

16:00

16:15

16:30

16:45

Exoplanet Atmospheres 13—16 April,‘2‘0_2.6 | V‘IE'N,,NA:

Session 13: Building-up chemical complexity in the Solar System
Chair: Manuel Gudel (U. Vienna)

Building-up Chemical Complexity in the Solar System
Cyrielle Opitom (1), University of Edinburgh

The Webb View of the Interstellar Comet, 3I/ATLAS, Pre- and Post-Perihelion
Stefanie Milam (C), NASA GSFC

Exploring the Unique Methane-rich Atmosphere of Titan Using a Self-consistent Atmospheric Model
Sudeshna Boro Saika (C), University of Vienna

What Are Rocky Exoplanets Made Of? Insights from Hubble Observations of Polluted White Dwarfs
Laura Rogers (C), NOIRLAb

Frequency & Composition of Planetary Debris Around White Dwarfs: Insights from HST/COS survey
Snehalata Sahu (C), University of Warwick

Coffee

Session 14: Exoplanets & Conference Close
Chair: Sudeshna Boro Saika (U. Vienna)

Exoplanet Climate Characterization with Transit Asymmetries - from the Optical to the Infrared
Ludmila Carone (C), OEAW, Graz

Glossy Silicate Clouds on the Scorched Dayside of LTT9779b
Suman Saha (C), Universidad Diego Portales

Does Atmospheric Composition Actually Trace Formation? Observing Aligned vs Misaligned Hot

Jupiters
Eva-Maria Ahrer (C), MPIA

Conference Summary & Close
Markus Kissler-Patig, ESA



Abstracts: Talks

Does Atmospheric Composition Actually Trace Formation? Observing Aligned vs Misaligned
Hot Jupiters
Eva-Maria Ahrer (C), Max Planck Institute for Astronomy

Combining our understanding of planet formation with measurements of the composition of
exoplanetary atmospheres is a key challenge in exoplanet research. It is unclear what variations in
atmospheric chemistry can be attributed to different planet formation histories, made even more difficult
by uncertainties in planetary evolution.

| will present JWST GO program 3838, which is dedicated to take on this challenge. We compare the
composition of a sample of hot Jupiters whose orbits are aligned and misaligned relative to their host
stars’ spin axes. It is believed that aligned hot Jupiters around F stars are the outcome of disc migration,
while misaligned ones arise from high-eccentricity migration. With this program we are determining
whether these two subsets of exoplanets that are expected to have had very different formation
pathways show any significant differences in their composition. This dichotomy in their origins means
formation models predict that aligned planets should be oxygen-rich at high-atmospheric metallicities.

| will summarise the outcome of this program, which studied seven hot Jupiters and tested if
atmospheric composition depends on planet migration and, thus, if atmospheric composition using
JWST (and HST) can be used to make inferences about formation.

ESA Science Archives for JWST and HST: From Data Discovery to Visualisation
Deborah Baines (), ESA/ESAC

This talk presents an overview of ESA’s science archives supporting JWST and HST, focusing on tools
that enable efficient discovery and exploration of space-based observations. We introduce the
European JWST Science Archive (eJWST) and the European Hubble Space Telescope Science
Archive (eHST), highlighting recent developments that improve access to archival data and high-level
science products.

Practical examples will demonstrate how users can quickly access and visualise data through
integrated quick-look tools, including exploration of the Hubble Spectroscopic Legacy Archive (HSLA)
spectra through the eHST spectra viewer. The presentation will also showcase ESASky as a multi-
mission data discovery portal for visualising JWST and HST data alongside observations from other
observatories, as well as related capabilities such as observation planning resources and links to
scientific publications. The presentation will conclude with a brief introduction to how these archives
connect to ESA Datalabs.

Origins and Production of Nitrogen
Danielle Berg (1), The University of Texas at Austin

Nitrogen is a powerful tracer of chemical enrichment, linking stellar nucleosynthesis, star-formation
histories, and interstellar medium (ISM) conditions across cosmic time. While oxygen is produced
rapidly by massive stars, nitrogen production depends sensitively on a range of stellar properties and
occurs over a range of timescales that make the N/O ratio a critical but complex probe of galaxy
evolution. However, recent JWST observations have revealed unexpectedly high N/O ratios in galaxies
only a few hundred million years after the Big Bang, challenging canonical chemical evolution models.



In this talk, | will explore the physical origins of early nitrogen enrichment by combining new
JWST/NIRSpec observations at high redshift with insights from nearby galaxy analogs observed with
HST/COS. | will show that extreme ISM conditions, such as high gas densities, play a central role in
shaping inferred N/O ratios, biasing both abundance measurements and their interpretation. | will also
present results from an N/O-enhanced lensed galaxy at z = 6 that exhibits Wolf-Rayet nitrogen (WN)
star signatures, making it the most distant confirmed WR galaxy to date. Its highly non-uniform
abundance pattern, with elevated N/O and suppressed C/O relative to its O/H, is consistent with rapid,
localized enrichment from WN stars during a brief post-burst phase. Further, the inferred frequency of
such N-emission systems implies bursty star-formation cycles on short timescales at cosmic dawn.

Together, these results suggest that galaxies experience short-lived phases of nitrogen enhancement
driven by bursty episodes of massive star feedback in compact, dense ISM environments. Nitrogen
thus emerges as a key clock for tracing the earliest star formation episodes and for linking stellar
physics at cosmic dawn to the chemical foundations of later galaxy and planet formation.

Exploring the Unique Methane-Rich Atmosphere of Titan Using a Self-Consistent Atmospheric
Model
Sudeshna Boro Saika (C), University of Vienna

Methane (CH,) is a powerful tracer of exoplanet atmospheric chemistry, and infrared observations
taken by JWST and other facilities has greatly expanded our ability to study CH,-bearing worlds.
Interpretation of such data requires models that capture the underlying atmospheric physical and
chemical processes and connect them to observational constraints. We present the first application of
the 1D atmospheric model Kompot to Titan, the archetype methane-rich atmosphere in our Solar
System. Unlike previous studies, this model self-consistently calculates the atmospheric thermal
structure from first-principles, while simultaneously accounting for both thermal and photochemical
reactions in the determination of the chemical profile, providing a fully coupled treatment of Titan’s
complex upper atmosphere. Our model results are in excellent agreement with in-situ and remote
sensing measurements taken by Cassini-Huygens and ground-base telescopes. This initial benchmark
on Titan thus represents a critical step toward developing a versatile modeling tool for characterizing
methane-bearing worlds across a range of atmospheric regimes, from gas giants to rocky exoplanets.

Future ESO Programme
Jarle Brinchmann (l), ESO

The European Southern Observatory (ESO) is arguably the largest ground-based observatory with the
La Silla and Paranal observatories and part-management of ALMA. In this contribution | will briefly
summarise the state of ESO today before turning to the future prospects. Special attention will be paid
to the 39m Extremely Large Telescope, which will be the largest optical-near IR telescope for quite
some time into the future, and its scientific promise, as well as ESO’s ongoing process to identify the
next major ESO project after the ELT, the Expanding Horizons process.

Beyond Expectations: JWST Status and Outlook
Tom Brown (I), STScl

The James Webb Space Telescope is an incredibly complex and powerful observatory, the
development of which required decades of effort from thousands of technicians, engineers, and
scientists. Despite its complexity, Webb was deployed flawlessly and is performing far better than the
design requirements. That performance, combined with Webb’s versatile suite of instrument modes,
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enables transformational scientific investigations across the entire field of astrophysics. These
investigations include the probing of phenomena in our own Solar System, the exploration of planets
orbiting nearby stars, and the tracing of galaxy evolution from the local neighborhood out to the edge
of the observable universe. The operations staff are dedicated to the optimization of the telescope's
observing efficiency and the expansion of its capabilities, including the recent addition of a new mid-
infrared slitless spectroscopy mode. Demand for observing time is shattering records, with nearly 3,000
proposals and a 13:1 oversubscription in response to the most recent solicitation. In this presentation,
| will provide highlights of Webb's current status and discoveries, as well as its forward outlook, with
operations projected to last into the 2040s.

Exoplanet Climate Characterization with Transit Asymmetries - from the Optical to the Infrared
Ludmila Carone (C), Space Research Institute, Austrian Academy of Sciences

JWST observations of WASP-39b and WASP-107b show that differences between the morning and
evening atmosphere of cloudy hot Jupiters can be revealed via transit ingress and egress
measurements. We highlight the potential for transit asymmetries to facilitate synergies between JWST
and HST and also PLATO in the climate and cloud characterization of tidally locked gas giants orbiting
M, G, F, Kand A stars at various orbital distances such that their global temperature ranges from 600K
- 2600K. The physically and chemical self-consistent IWF Graz cloud model applied to 60 3D GCMs
using ExoRad (Carone+2020, Schneider, Carone+2023) has demonstrated trends in basic cloud
properties such as asymmetric cloud coverage and cloud particle size distribution for warm,
intermediately hot and ultrahot Jupiters.

For ultra-hot Jupiters strong asymmetries are predicted: the cloudy morning transit depth is predicted
to be larger by several 100 ppm compared to a cloud-free evening terminator between 0.33 -1.4 micron.
For intermediately hot Jupiters, clouds always amplify the transit asymmetry induced by horizontal
temperature differences. Warm Jupiters are predicted to be less asymmetric and to exhibit large
amounts of cloud condensation nucleii in the upper atmosphere that impacts the scattering slope in the
optical and is also visible in the wavelength ranges >8 micron. Thus, JWST observations between 2- 5
micron are instrumental to constrain chemistry and temperature differences across the
limbs. JWST/MIRI constrains cloud composition and cloud particle sizes. The optical and NIR, covered
with  HST/WFC3/UVIS and HST/WFC3/IR, respectively, provides additional insights
to cloud properties in synergy with JWST/MIRI. A coherent observation strategy that also includes
upcoming precise PLATO transit depth measurements may even reveal latitudinal in addition to
longitudinal cloud asymmetries.

Nitrogen on Fast-Forward: Tracing Accelerated Chemical Enrichment in the Early Universe
with JWST
Elisa Cataldi (C), University of Florence - INAF OAA

The nitrogen-to-oxygen abundance ratio (N/O) serves as a powerful chronometer of chemical
enrichment in galaxies, uniquely sensitive to the balance between rapid oxygen production in short-
lived massive stars and delayed nitrogen release from intermediate-mass stars on timescales of
hundreds of Myr to Gyr. This differential timing makes N/O a crucial diagnostic of star-formation history,
stellar yields, and gas cycling processes. While the N/O—-O/H relation is well-characterized in the local
Universe, showing a characteristic plateau at low metallicity followed by a steep rise, its evolution
across cosmic time has remained observationally challenging due to the intrinsic faintness of key
auroral emission lines at high redshift.
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We present the first comprehensive study of nitrogen enrichment in star-forming galaxies from Cosmic
Noon to the epoch of reionization, combining ultra-deep JWST/NIRSpec spectroscopy from the MARTA
survey with an extensive compilation of high-redshift and local comparison data. Leveraging robust
detections of faint auroral lines such as [O |ll] A4363 in 77 galaxies at z>1, we derive direct electron-
temperature based abundances for both nitrogen and oxygen, and we establish the first high-redshift
empirical calibrations of strong-line N/O diagnostics (N202, N2Sz2), finding remarkable consistency with
local relations and no evidence for redshift evolution. This validates their application to fainter systems
and enables us to expand our analysis to 390 galaxies spanning 1<z<8.

Our investigation of the N/O-O/H relation reveals systematic nitrogen enhancement at high redshift:
galaxies at z>1 exhibit N/O ratios elevated by ~0.15 dex (median) compared to local benchmarks, with
the enhancement most pronounced at low metallicities (12+log(O/H)<8.0), where offsets reach ~0.2-
0.3 dex. These results place new constraints on the production and evolution of metals in galaxies,
offering fresh insights into the enrichment history of the early Universe.

NASA's Pandora SmallSat: Complementing Flagship Science to Address Challenges for
Exoplanets
Knicole Colon (C), NASA GSFC

The Hubble and James Webb Space Telescopes are providing incredibly precise spectroscopy of both
exoplanet atmospheres and stellar photospheres, often revealing evidence of molecules in the
atmospheres of distant worlds. Stellar inhomogeneities like cool star spots and hot faculae can however
limit or bias interpretation of features in exoplanet atmospheres. This is true especially for small
exoplanets orbiting active stars, which are among the most common exoplanets targeted by HST and
JWST. The Pandora SmallSat is a NASA Astrophysics Pioneers Program mission designed to address
this challenge of “stellar contamination” by studying transiting exoplanets and their host stars with
simultaneous visible photometry and near-infrared spectroscopy collected over multiple epochs and
long time baselines. The methodology used by Pandora will enable us to constrain star spot covering
fractions of exoplanet host stars and in turn disentangle the stellar signal that contaminates the planet
spectrum, so that we can confidently search for water in exoplanet atmospheres. With launch planned
for January 2026, the 45-cm Pandora telescope will soon collect 10 days of observations for 20 different
transiting exoplanets over a 1 year prime mission. Pandora’s dedicated exoplanet survey complements
the variety of shorter duration exoplanet observations collected with the general purpose HST and
JWST facilities. The Pandora survey to better understand and interpret impacts of stellar contamination
will ultimately inform exoplanet spectroscopy observations and interpretations performed with premier
facilities like HST and JWST. In this presentation, we will highlight the key science goals and technical
specifications of the Pandora mission, update the community on the status of the mission and synergies
with HST and JWST, and anticipate the presentation of early results from commissioning and science
operations.

The Iconic Debris Disk Surrounding the White Dwarf G29-38
Tim Cunningham (C), Harvard University

| will present early results from JWST observations of the metal-polluted white dwarf G29-38, the
benchmark system for studying active accretion of planetary material in evolved planetary systems.
Time-resolved NIRSpec and MIRI spectroscopy reveal the detailed mineralogical structure of its dusty
debris disk, while the sensitivity of MIRI uncovers cooler dust components that refine constraints on the
disk’s outer extent. These observations also provide the first detailed probe of sub-hour mid-infrared
variability, offering new insight into short-timescale changes within the disk. Complementary
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multi-epoch HST/COS spectroscopy tracks variations in photospheric metal abundances on yearly
timescales, yielding independent constraints on the composition of the accreted material and enabling
a direct measurement of the instantaneous accretion rate, which we compare to contemporaneous
Chandra ACIS/HRC monitoring. Together, these observations deliver the first combined view of
real-time accretion and disk evolution in a planetary-debris-hosting white dwarf.

The Complex Lifecycle of Dust and Metals
llse de Looze (l), Sterrenkundig Observatorium, Ghent University

Interstellar dust accounts for a small fraction of the interstellar medium (ISM) mass. Yet, dust grains
play a pivotal role in the heating and cooling balance of gas clouds, facilitate the formation of simple to
complex organic molecules, and obscure roughly half of the starlight in galaxies. To fully unravel the
impact of dust grains on the star formation process and how dust grains lead to the formation of
planetary material, we first need to understand how dust forms and evolves in the ISM. In this talk, |
will summarise our current knowledge of the dust lifecycle; from its formation in stellar sources, to its
further growth in the ISM through accretion processes, and the eventual processing and/or destruction
of dust grains through supernova shocks, sputtering in hot gas, photo-processing by harsh radiation
and the removal of dust through gaseous outflows.

Can Rocky Worlds Around M Dwarfs Retain Their Atmospheres? The Rocky Worlds DDT
Programme
Néstor Espinoza (I), STScl

Exoplanet science has entered a transformative era with the advent of the James Webb Space
Telescope (JWST) and the continued ultraviolet capabilities of the Hubble Space Telescope (HST). For
the first time, we can directly probe the atmospheres and thermal properties of small, rocky exoplanets
while simultaneously characterizing the high-energy stellar environments that shape their evolution.

A central question in the field is whether rocky planets orbiting M dwarfs — the most abundant stars in
our Galaxy — can retain their atmospheres, or whether they are stripped by atmospheric erosion
processes. With JWST enabling direct measurements of dayside emission and heat redistribution on
rocky planets, and HST providing critical constraints on the ultraviolet radiation fields that drive
atmospheric loss, these two observatories together offer an unprecedented opportunity to address this
question.

In this talk, | will review the current state of rocky exoplanet atmospheric science in the JWST era and
introduce the Rocky Worlds Director’s Discretionary Time (DDT) Program — a coordinated 250-orbit
HST and 500-hour JWST effort designed to directly test atmospheric retention on nine rocky exoplanets
spanning equilibrium temperatures from ~220-580 K. By combining JWST/MIRI secondary-eclipse
observations with HST ultraviolet stellar characterization, this program represents the largest joint
HST+JWST exoplanet initiative to date.

| will present early results from the program, including initial constraints on dayside emission and

atmospheric properties, and discuss how this multi-wavelength framework will inform population-level
trends while providing a long-term legacy resource for the community.
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Building-up Chemical Complexity in Star & Planet Formation
Tom Haworth (1), Queen Mary University of London

| will review aspects of the development of chemical complexity, from the tens of parcsec scales of
galaxies down to planet-forming discs. This is a huge interconnected ecosystem where the composition
varies over long timescales and is affected by the galactic environment, shocks, radiation processes,
supernovae and complicated gas/grain/ice processes. The chemical composition may also be inherited
which would require a more holistic view of the baryon cycle in galaxies. In addition to providing this
overall picture of the processes that contribute to chemical complexity in star and planet formation | will
provide some key highlights of results at the various scales.

Future Prospects for the ESA Science Programme
Gaitee Hussain (l), ESA

Several major milestones for the ESA Science programme will be confirmed this June, including the
down-selection of the next M-class mission, decisions on mission extensions and timelines for future
Calls for missions. During this same period, a thorough evaluation of mission concepts for the next M-
and F-class mission slots are underway, shaping the scientific ambitions for the next decades. This talk
will provide an insider look at what lies ahead, how the ESA Science Programme opens up new
opportunities for our scientific communities and future discovery space. | will conclude with pointers on
how to find out more about the programme and its latest developments.

Exploring the Ultraviolet Diversity of Young Core-Collapse Supernovae with HST
Wynn Jacobson-Galan (C), California Institute of Technology

Ultraviolet (UV) spectroscopy of type Il supernovae (SNe Il) in the first weeks post-explosion remains
a largely uncharted observational phase space. Following shock breakout, early-time UV emission
harbors unique information on the structure and composition of the most local progenitor environment;
this being detectable through narrow emission lines (aka. lIn-like or "flash features") that arise from
shock ionization of local circumstellar material (CSM). Furthermore, UV spectroscopy of young core-
collapse SNe encapsulates the interplay of density, ionization, and temperature within the outermost
layers of SN ejecta. Here we present the largest sample to date of SNe Il UV spectroscopy obtained
within the first weeks post-explosion with the Space Telescope Imaging Spectrograph (STIS) on the
Hubble Space Telescope (STIS). The majority of our sample was acquired during two cycles of ToO
observations through the HST "Flexible Thursdays" initiative and includes the earliest HST UV spectra
ever obtained of type lIb and superluminous supernovae. We will discuss the UV diversity found across
core-collapse SN sub-types as well as quantify physical properties of the SN ejecta and circumstellar
environment gleaned from spectral modeling with non-LTE radiative transfer simulations. Furthermore,
we will present analysis of the SN host galaxy and SN reddening using absorption profiles from the
local interstellar medium. Lastly, we will discuss the upcoming NASA Medium Explorer mission UVEX
and how it will greatly increase our understanding of UV emission from young core-collapse SNe.

JWST Spectroscopy of Young Free-Floating Planetary-Mass Objects and their Disks
Ray Jayawardhana (C), JHU

Free-floating planetary-mass objects (FFPMOs) in star-forming regions represent the low end of the
stellar initial mass function and overlap in mass with the high end of the exoplanet population. As such,
they share characteristics with both brown dwarfs and giant planets. We present new findings on
FFPMOs from near- and mid-infrared spectroscopy using NIRSpec and MIRI instruments on the Webb
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telescope. The photospheric spectra show a clear diversity at similar temperatures, especially in the 3-
5 micron range, not accounted for by current atmosphere models. We find silicate absorption features
in the photospheres of two of our targets, the first such detections in very young FFPMOs, indicating
silicate clouds in their cool atmospheres. Six other objects show mid-infrared excess emission above
the photosphere, as well as silicate emission features, demonstrating the presence of dusty disks. The
shape and strength of the latter features constitute strong evidence of grain growth and crystallization,
similar to what is seen in young brown dwarfs and stars. We also detect emission lines from
hydrocarbon molecules in the disks of several targets —most notably Cha 1107-7626, which shows
unambiguously methane and ethylene lines, suggesting a carbon-rich disk, as well as hydrogen
recombination lines implying ongoing accretion. Moreover, multi-epoch VLT spectroscopy of Cha 1107-
7626 last summer reveal dramatic changes in accretion-related emission lines, indicative of an
accretion burst —the first time such an event has been seen in a planetary-mass object. Our JWST
spectroscopy with NIRSpec and MIRI during the burst phase show clear changes in the molecular lines
compared to quiescence, including the appearance of water vapor emission, the first time that chemical
changes due to increased accretion are observed in a disk around a substellar object.

Laboratory Astrophysics of PAHs, Fullerenes, & Clusters: State of the Art & Emerging
Challenges
Christine Joblin (I), IRAP, CNRS & Université de Toulouse

Polycyclic aromatic hydrocarbons (PAHs) exhibit a fundamental property: their ubiquity across diverse
astrophysical environments, including UV-irradiated regions (photodissociation regions), cold
molecular clouds, and primitive solar system matter. This widespread presence makes PAHs promising
tracers of the interstellar matter cycle and messengers linking stars to the solar system. However, their
spectral signatures are revealed through distinct observational features depending on the environment:
for instance, aromatic infrared bands dominate in UV-irradiated regions, while rotational lines,
detectable only in species with a significant dipole moment, emerge in cold molecular clouds. In
addition, the term "PAH" encompasses a vast chemical diversity.

To address these challenges, laboratory astrophysics must tackle three key aspects:

1. Spectral characterization for the identification of specific species or families of species through
unique spectral features—such as diffuse interstellar bands and aromatic infrared bands—
spanning visible, infrared, and millimeter wavelengths, and involving a wide range of
temperatures.

2. Photoprocessing by UV photons, exploring the competition between ionization, dissociation, and
radiative cooling.

3. Chemical evolution and growth mechanisms both at high and low temperatures and including
connections with small hydrocarbons, fullerenes, and very small grains.

In this talk, | will describe how laboratory experiments can mimic astrophysical processes and highlight
recent methodological advancements that allow us to overcome current limitations. | will conclude by
outlining future perspectives, emphasizing that progress will depend on the synergy between exploring
new processes and species and integrating new discoveries from astronomical observations.



The First Measurements of Chemical Enrichment Patters in the Circumgalactic Medium of
Dwarf Galaxies
Sean Johnson (C), University of Michigan

The circumgalactic medium and intergalactic medium (CGM/IGM) are at the nexus of the gas inflows
and outflows that regulate galaxy evolution, serving as dominant reservoirs for accretion of fresh cosmic
gas supplies to fuel star formation. The CGM/IGM also serve as dominant repositories for heavy
elements produced in stars and expelled during their explosive deaths. Chemical enrichment patterns
in the CGM/IGM around low-mass dwarf galaxies are particularly sensitive to nucleosynthetic history
and star formation feedback processes, enabling unique insights into the buildup of heavy elements in
the Universe. | will present results from surveys of the CGM/IGM that combine state-of-the-art
observations from UV absorption spectra on Hubble and wide-field integral field spectrographs,
enabling the first multiphase insights into the extent of metal enrichment in the CGM/IGM around
isolated dwarf galaxies, along with the first constraints on metallicities and relative abundances in these
diffuse gas reservoirs. These observations indicate that the highly ionized (OVI-bearing) CGM/IGM
around dwarfs dominates their metal budget. Moreover, CGM oxygen metallicities found at ~0.5 times
the virial radius are comparable to the dwarfs' ISM, but with [C/O] and [N/O] abundances well below
expectations for dwarf ISM. These observations indicate that alpha-elements produced in massive stars
and expelled when they explode as supernovae reach the CGM/IGM without significant mixing with
ISM enriched in C and N from evolved, low-mass stars. These abundance patterns suggest that stellar
outflows in low-mass halos can operate with low mass loading, in stark contrast with sub-grid recipes
implemented in many galaxy evolution simulations.

ESA’s Science Programme
Markus Kissler-Patig (I), ESA

The Science Programme of the European Space Agency is looking back on 50 years of world-leading
science missions in the domain of astrophysics, planetary science and heliophysics. It builds on
community consultations every 10-15 years and is still operating missions from the 1984 "Horizon 2000"
exercise while planning the future with the implementation of "Voyage 2050". Many of ESA's missions
have been and are planned as international collaborations with partner agencies. This talk will review
the past to present of ESA's Science Programme and put Hubble and James Webb Telescopes in this
context.

Buildup of Metals from z~10 to the Local Universe
Danial Langeroodi (C), University of Copenhagen

The cosmic evolution of gas-phase metallicity of galaxies and its dependence on stellar mass, star-
formation rate, and environment are some of the most readily testable predictions of theoretical models
of galaxy formation and evolution. The complex interplay between the processes that regulate chemical
enrichment, including mergers, accretion, star-formation, and feedback-driven outflows is expected to
become simpler at early times and easier to model. Therefore, high-redshift constraints on the gas-
phase metallicity of galaxies are crucial to inform the theoretical models. At 3<z<10, NIRSpec enables
gas-phase metallicity measurements through rest-optical emission lines, and accurate stellar mass and
star-formation history inference through rest-UV to rest-optical continuum detections. In this talk, | will
present these measurements based on a large compilation of NIRSpec prism and medium-resolution
data. This sample contains >2000 galaxies at z>3 with high-significance continuum and emission line
detections, and is the largest of such compilations to date. | will revisit the traditional metallicity
inference techniques at these redshifts, and highlight established correlations, including the mass-
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metallicity relation and its redshift evolution, and the fundamental metallicity relation. | will also highlight
new findings such as the systematic metal deficiency of compact early-universe galaxies with bursty
star-formation histories. The revolutionary combination of depth and spatial resolution afforded by
NIRCam and wavelength coverage afforded by NIRSpec has brought morphological and chemical
analysis to the forefront of high-z studies. However, we are already facing the limitations of space
telescopes: i) their limited spatial resolution, and ii) the high exposure times required to acquire deep
high-spectral resolution spectra. | will discuss these shortcomings in light of the upcoming class of
ELTs, and highlight the improvements expected in the coming decade.

Enabling Data Discovery and Reproducible Research for HST and JWST Data with the ESA
Datalabs Science Platform
Marcos Lopez-Caniego (1), Aurora Technology for ESA

The Hubble Space Telescope (HST) and the James Webb Space Telescope (JWST) together
represent more than three decades of transformative space-based astronomy and their science
archives offer tremendous potential for new discoveries.

In this presentation we will showcase how users of the European HST and JWST Science Archives
can take advantage of the ESA Datalabs science platform. Datalabs can be used to implement and
execute end-to-end research workflows by integrating publicly available HST and JWST observations
with a suite of analysis, calibration, and community resources developed at the Space Telescope
Science Institute (STScl) and the ESAC Science Data Centre.

The platform provides immediate, browser-based access to mission archival data as well as
efficient programmatic search tools like the ESA HST and ESA JWST Astroquery modules, interactive
example notebooks demonstrating best-practice data analysis techniques, and the complete JWST
calibration pipeline accompanied by a locally hosted and daily synchronized copy of all required
reference files from STScl. This environment allows users the exploration of HST and JWST datasets
side-by-side for a rapid and efficient implementation of scientific analyses without the barrier of requiring
local installation and support.

The Nancy Grace Roman Space Telescope: Coming Soon to an L2 Near You
Kristen McQuinn (1), STScl

The Nancy Grace Roman Space Telescope (Roman) is NASA’s next flagship infrared observatory,
designed to transform wide-field astrophysics by pairing Hubble-like image quality and sensitivity with
an exceptionally large field of view. Scheduled for launch in late 2026, Roman will deliver panoramic
surveys 100-200 times larger than comparable observations from Hubble, enabling breakthrough
studies of dark energy, exoplanets, galaxy evolution, and time-domain astrophysics. In this talk, | will
highlight the incredible science potential of Roman's community defined surveys which make up ~75%
of observing time in the prime mission. | will also give an overview of the rich suite of resources available
to the scientific community to support their research using Roman data, including the STScl-hosted
Roman Research Nexus, a cloud-based environment that enables scientists from around the world to
do analysis on Roman's PB scale data.



A Census of Oxygen in Gas-Rich, Star-Forming Low-Mass Galaxies in the Nearby Universe
Kristen McQuinn (C), STScl

Oxygen is forged within stars and cycled through galaxies by outflows, leaving a lasting, measurable
imprint in star formation and feedback processes. The Galaxies Losing Oxygen via Winds (GLOW)
project measures the production, distribution, and retention of oxygen in 37 low-mass, gas-rich and
star-forming galaxies in the nearby universe (D<6 Mpc) over the critical mass range (10%° <Mstar<
10°) where feedback is predicted to dramatically shape galaxy properties. In this talk, | will present
results from GLOW that find that the majority of GLOW galaxies retain <15% of the oxygen produced
by stellar nucleosynthesis, and nearly all of the oxygen within the galaxies resides in the gas and dust;
galaxies that retain >15% of oxygen reside in somewhat denser galactic environments and are within
1 Mpc of the nearest large (Mstar>10° Msun) galaxy. This suggest that galaxies in denser environments
experience a greater degree of oxygen recycling and the possible accretion of pre-enriched gas from
an intergroup medium. Based on the modest mass of oxygen detected in the CGM, the majority of the
‘missing' oxygen atoms have been lost from the galaxies to the intergalactic medium (IGM). Contrary
to expectations, the percent of oxygen retained in low-mass galaxies does not correlate with a galaxy's
position on the mass-metallicity (MZ) relation; instead the dispersion in the MZ relation appears to be
set by a galaxy's gas content. The modest amount of oxygen retained in galaxies is lower by a factor
of a few to several than predictions from cosmological simulations, even though the simulations
reproduce the MZ scaling relation.

The Webb View of the interstellar comet, 3I/ATLAS, Pre- and Post-Perihelion
Stefanie Milam (C), NASA GSFC

After the discovery of the first two interstellar objects (ISOs), 11/'Oumuamua and 21/Borisov, scientists
now have tangible evidence of the ejection of small bodies beyond their planetary systems. The journey
of these objects into our solar system enabled the opportunity to study planet formation from different
systems through observations as well as providing insights into how planetary material can be
dispersed across the Galaxy.

The third ISO (3I/ATLAS) was discovered and announced mid-2025 by the Asteroid Terrestrial-impact
Last Alert System (Tonry+2018). After a series of follow-up observations 3| was confirmed to be on a
gravitationally unbound, hyperbolic interstellar trajectory (Seligman+2025). The object showed
evidence for a compact nucleus and extended dusty coma, comparable to solar system comets as well
as 21. JWST observations were triggered (GO 5094) — the first ISO to be observed with this facility.

The pre-perihelion observations took place on 6 August 2025 with NIRSpec IFU (PRISM) when the
object was 2.73 au from JWST and 3.32 au from the sun. Our spectra showed strong CO2 (and 13COz)
gas, H20-ice absorption, weak gas-phase H20, as well as CO gas (Cordiner+2025). The IFU maps
revealed a heterogeneous coma with different outgassing patterns for different species. JWST
observations reveal that 3| contains volatile ices, with a gas coma rich in CO2, relative to H20 and CO.
3l has a CO2/H20 ratio of 7.6 £ 0.3 exceeding most solar system comets at similar solar distances. The
CO/H20 ratio of 1.65 + 0.09 in 3l is aligned with previous comets as well as 2I.

Post-perihelion observations are planned when 3l is outbound from the solar system (anticipated near

the object’s closest approach to Earth, at ~1.8 au). NIRSpec IFU, NIRCam imaging, MIRI LRS and
imaging are planned in order to shed more light on the properties of this object.
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Updates on new observations and 3I's evolution during its journey through our solar system will be
presented.

Catching Cosmic Abyss Galaxies with HST & JWST: From Demographics to Primordial Galaxy
Candidates
Thibaut Moutard (C), ESA/ESAC

Understanding who were the very first stars to ignite and flood the Universe with light and metals (i.e.
heavy chemical elements) is a central —if not the main— question of modern extragalactic astronomy.
While one could only speculate about them a few years ago, we have entered a new era characterised
by an access to cosmic dawn, epoch of formation of the first stars and galaxies, thanks to the
unprecedented sensitivity achieved by the James Webb Space Telescope (JWST). The tremendous
diversity in terms of galaxy morphology, colours or stellar mass revealed by JWST from cosmic dawn
challenges our understanding of the formation and early evolution of galaxies. In that respect,
constraining their demographics and identifying the first stages of their evolution from observations is
crucial to refine cosmological models of galaxy formation and evolution. In this presentation, | will
present the most recent results we have obtained from the deepest, sharpest near- and mid-infrared
surveys ever made of the Universe, thanks to HST + JWST (NIRCam and MIRI) observations of the
HUDF as part of the HLS, JADES and MIDIS programmes. | will notably discuss the demographics of
galaxies since z ~ 12-18 and the detection of primordial, metal-poor and metal-free galaxy candidates
at cosmic dawn.

How Many & How Much? Probing Number Densities & Abundances of N-enhanced Galaxies at
High-z
Benjamin Navarrete (C), ISTA

JWST discovered a population of metal-poor galaxies at z > 5 with surprisingly high nitrogen-to-oxygen
abundance ratio. These galaxies oppose the main "primary" enrichment stage where the interstellar
medium is first enriched with oxygen by young massive stars, and later with nitrogen. Various
hypotheses have been proposed to explain these abundances, such as runaway collisions of stars in
overdense environments, stellar winds from very/super-massive stars, a top-heavy initial mass function,
fast-rotating Population Il stars, or stochastic/bursty star-formation histories. However, observations
are scarce and limited to a handful of objects. In this talk, | will present the demographics of nitrogen-
enhanced galaxies by studying their number densities at z ~ 6 based on a large spectroscopic
compilation, adding the discovery of a new nitrogen-enhanced galaxy at z = 6.15 in the field of SDSS
J1148+5251. Furthermore, we leverage the serendipitous discovery of a strong C-emitter galaxy
without nitrogen enhancement to investigate whether bursty cycles of star formation can explain the
variant nature of the spectra of C and N emitters, providing insights into the evolutionary paths that can
explain the rare abundances. Spectral features in the spectrum of this new N-emitter suggest the
presence of strong winds from massive stars, while the preliminary high carbon abundance of our
second case study is consistent with abundance patterns of ISM enriched by pair-instability
supernovae. Our work demonstrates how crucial it is to perform deep rest-UV and optical spectroscopic
surveys to capture galaxies at high redshift with measurable chemical abundances that will allow
drawing conclusions for a reasonably sampled population.



Building-up Chemical Complexity in the Solar System
Cyrielle Opitom (1), University of Edinburgh

Following the discovery of thousands of exo-planetary systems in the past few decades, we have
entered a new era of astronomy and planetary science. We are starting to get a better picture of how
planetary systems form and evolve and what could lead to the existence of habitable planets. However,
there are still a lot of unknowns about the system closest to us: our own solar system. Building on the
success of the Hubble Space telescope, the James Webb Space Telescope, with its unprecedented
sensitivity, image quality, and spectroscopic capability is helping us answer fundamental questions
about our own solar system and its composition. In this talk, | will provide an overview of recent
discoveries from observations of Solar System objects with HST and JWST. From observations of the
surface and composition of the moons of giant planets, recent observations of the composition of
interstellar objects, to studies of the surface of distant icy bodies beyond the orbit of Neptune or to
detailed characterisation of comets, HST and JWST are helping us piece together the history of the
Solar System.

The Emerging Timescale of Young Star Clusters in Local Galaxies
Alex Pedrini (C), University of Stockholm

The interplay between massive stars and the interstellar medium (ISM) during the embedded phase of
star formation is a key driver of the physical, chemical, and morphological evolution of galaxies. As
young star clusters emerge from dense, dusty gas clouds due to feedback from their massive stars,
they inject large amounts of energy and momentum into their surroundings, shaping the local ISM. The
timescales over which star clusters emerge are essential for determining the star formation efficiency
in molecular clouds, understanding the time available for planet formation near massive stars, and
constraining models of escaping radiation and chemical enrichment in the galactic medium. | will
present a census of thousands of young star clusters (<10 Myr) identified with HST and JWST at 4-8
parsec resolution in four nearby galaxies (M51, M83, NGC628, and NGC4449) as part of the FEAST
(Feedback in Emerging extrAgalactic Star clusTers) survey. Narrow and medium NIRCam filters allow
us to detect clusters that exhibit prominent emission from HIl regions and polycyclic aromatic
hydrocarbons (PAHSs) in photo-dissociation regions, probing diverse phases of emergence: from the
moment massive stars begin ionizing their surroundings gas to the explosion of supernovae that
disperse their birth clouds. A statistical analysis of the emergence timescales reveals a trend with star
cluster mass: massive clusters (10%-10° M©) emerge more rapidly than their lower mass counterparts.
At lower metallicities, we observe faster clearing of PAHs, offering new insights into PAH grain
composition and evolution in different environments. A complementary study of the ISM around star
clusters highlights the complex morphology of PAH features, whose appearance is regulated by the
properties of the clusters that power their emission. Our findings represent one of the first
comprehensive views of the full emerging phase of star formation at the scales necessary to resolve
star cluster feedback.

Habitable Worlds Observatory: Project Status & Maturation Plans
Aki Roberge (1), NASA GSFC

Humans have long wondered if there were worlds around other stars — and life on those worlds. Over
the last decades, astronomers have found that the answer to the first question is a resounding YES.
Those accomplishments have put us in a position to possibly answer the second question. The 2020
US Astrophysics Decadal Survey laid out a path to the first telescope that can find out if habitable
exoplanets are common or rare and search them for signs of global biospheres. At the same time, this
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UV / optical / near-IR space observatory would perform a wide range of transformative astrophysics
studies from galaxy evolution to star formation — and be capable of a wide range of powerful Solar
System remote sensing observations. NASA has named that space telescope the Habitable Worlds
Observatory (HWO) and initiated the HWO Technology Maturation Project Office on Aug 1, 2025. This
presentation will provide an overview of the current project status; progress on potentially driving
science cases, engineering trade studies, and technology development; and plans for upcoming
activities & milestones.

Nucleosynthesis of Heavy Elements
lan Roederer (1), North Carolina State University

Understanding the origin of the elements remains one of the major challenges in modern astrophysics.
Ultraviolet (UV) spectroscopy of metal-poor stars provides access to many absorption lines of elements
and species that are otherwise undetectable in optical or infrared spectra. | will show how UV spectra
have expanded stellar chemical inventories, complementing studies of the infrared spectra of kilonovae,
to advance our understanding of heavy-element nucleosynthesis. | will conclude with an outlook of
future prospects for revolutionizing our understanding of the first stars and primordial nucleosynthesis
with UV spectra.

What Are Rocky Exoplanets Made Of? Insights from Hubble Observations of Polluted White
Dwarfs
Laura Rogers (C), NOIRLAb

Exoplanets are ubiquitous across the Milky Way, but uncovering their interior composition remains a
major challenge. White dwarfs that exhibit atmospheric 'pollution’ from accreted planetary material offer
a unique solution. At least 40% of white dwarfs show heavy elements in their otherwise pristine
hydrogen- or helium-dominated atmospheres. By analysing their spectra, we can perform detailed
abundance studies of the accreted planetary material. Although more than 1500 polluted white dwarfs
are known, only a few dozen can be studied in the detail required to characterise their chemistry.
Crucially, the Hubble Space Telescope provides exclusive access to many of the key ultraviolet
transitions needed to measure refractory and volatile elements. In this talk, | will highlight the
transformative role of Hubble in advancing polluted white dwarf science, | will present results on the
chemical diversity of exoplanetary material, examining siderophile (e.g. Fe, Ni. Cr) and lithophile (e.g.
Ca, Mg, Si) abundance ratios to probe planetary core-mantle differentiation histories and infer core-
mantle compositions. | will also discuss Hubble driven constraints on volatile inventories including
carbon-to-oxygen ratios and water content, revealing what polluted white dwarfs can reveal about the
formation, evolution, and habitability of rocky planets across the Galaxy.

Pedal to the Metal(s): Precision Gas-Phase Abundances Across Cosmic Time with JWST
Noah Rogers (C), CIERA - Northwestern University

Metal abundance patterns (e.g., N/O, Ar/O) in the Interstellar Medium (ISM) are sensitive to yields and
timescales of various nucleosynthetic progenitors, thereby revealing a galaxy’s chemical enrichment
history. Despite being an important tool for understanding galaxy evolution, the ISM metallicity is
exceptionally challenging to measure. The primary issue stems from the extremely faint rest-optical
emission lines required to accurately determine the gas-phase physical conditions, which are
necessary to infer the ISM composition. In this presentation, | demonstrate the unparalleled ability of
JWST to measure ISM chemical abundances over 10 Gyr of cosmic history. First, | evaluate the relative
abundance of numerous elements in star-forming galaxies at 2<z<3 observed as part of CECILIA, a
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Cycle 1 JWST program. These ultra-deep (30hr) observations unveil the multi-phase temperature and
density structure of the ISM in each galaxy. These physical conditions are fundamentally linked to the
metals within the gas, and | provide direct constraints on N/O, S/O, and Ar/O just 2-3 Gyr after the Big
Bang. These abundance patterns challenge commonly-observed trends in the local Universe and are
sensitive to the abbreviated star-formation histories at Cosmic Noon. Next, | highlight novel methods
for revealing the ISM metallicity that are now possible with the unprecedented quality of MIR spectra
available with JWST/MIRI. Using data acquired through multiple Pl and archival JWST programs, |
present a new metallicity tracer that is insensitive to the ISM physical conditions, dust obscuration and
depletion, and ionization conditions, providing a unique method for inferring bulk metallicity in the local
Universe. Finally, | conclude by discussing MIRAGE, an ongoing JWST/MIRI survey of local metal-poor
galaxies that will provide precision chemical abundance patterns capable of discerning different star-
formation scenarios at z=0.

Hubble’s Status and Outlook at 36 Years Young
Julia Roman-Duval (1), STScl

After 36 years of operations, Hubble remains at the forefront of astrophysical discovery. Hubble is the
first of four NASA Great Observatories — large, powerful missions designed to enable high-impact
frontier science over a wide swath of astrophysics, while providing access and support to the broadest
community, from graduate students to highly experienced researchers, and inspiring the public.
Following decades of improvements to operations, calibration, and analysis tools, Hubble’s unique
high-resolution, high-sensitivity ultraviolet (UV) imaging and spectroscopic capabilities, which will not
be matched until the Habitable Worlds Observatory (HWO) is operational, are near peak demand (6-
7:1 oversubscription) and productivity (>1000 papers/year).

Performance in reduced gyro mode is significantly better than expected, with a scheduling efficiency
>50% and no impact to pointing stability. The observing success rate has recovered to its historical
baseline (>90%) after some months of increased fine guidance sensor-related observing failure rates.
Hubble’'s systems and instruments have redundancy and a high probability of delivering transformative
science well into the 2030s. Hubble’s UV-optical (UVO) coverage is indispensable to a broad range of
astrophysics, from characterizing solar system objects, to exoplanetary and stellar systems, to high
energy transients, galaxies, the circum- and inter-galactic media, and black holes. Hubble's UVO
capabilities are also crucial to support HWO science planning and inform mission architectures and
trades. Synergies with existing and forthcoming space- and ground-based facilities, in particular JWST,
Roman, and gravitational wave facilities, are already opening-up new frontiers of astrophysics, as
demonstrated by the Rocky Worlds large director’s discretionary program. In this talk, | will provide an
update on the Hubble mission and an outlook of the ground-breaking science the observatory will be
pursuing through 2030 and beyond.

Revealing the Cosmic Build-up of Interstellar Dust with HST & JWST
Julia Roman-Duval (C), STScl

Variations in the abundance and properties of interstellar dust have important implications for our ability
to trace the chemical enrichment of the universe, stellar mass assembly, and galaxy evolution. | will
present results from two observational efforts to characterize the variations of the dust content and
properties within and between galaxies. First, the dust, metal, and gas contents of nearby low metallicity
galaxies were measured using UV absorption spectroscopy with Hubble, demonstrating a factor 5-10
increase of the dust abundance from the diffuse to dense ISM, likely caused by dust growth in the ISM,
even in very low metallicity systems such as Sextans A (7% solar metallicity). Furthermore, the fraction
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of metals locked in dust grains decreases with decreasing metallicity (by a factor of 2 between the Milky
Way and SMC at 20% solar; and a factor of 4 between the Milky Way and Sextans A at 7% solar),
consistent with a metallicity-dependent timescale for ISM dust growth. As a result, the dust-to-gas ratio
(D/G) decreases faster than metallicity, consistent with chemical evolution models and with
measurements in Damped Lyman-alpha systems at redshift <4. Second, ongoing efforts to measure
the properties and abundance of the smallest dust grains, polycyclic aromatic hydrocarbons (PAHSs), in
Sextans A with JWST are revealing, for the first time at this low metallicity, compact (pc-scale) clumps
of PAH emission that are likely active sites of in-situ PAH growth within a dense, well-shielded phase
of the ISM. These results demonstrate that PAHs can form and survive in extremely metal poor
environments common in the early Universe. Ratios between the 3.3, 7.7, and 11.3 ym PAH features
indicate that the PAH grains in Sextans A are small and neutral, with no evidence of significant
processing from the hard radiation fields within the galaxy. These results favor inhibited grain growth
over enhanced destruction as the origin of the low PAH abundance in Sextans A.

Glossy Silicate Clouds on the Scorched Dayside of LTT9779b
Suman Saha (C), Universidad Diego Portales

LTT9779b is the only known ultra-hot Neptune, discovered deep within the Neptunian desert by TESS
(Jenkins et al. 2020), making its existence and evolution a high-priority puzzle for the exoplanet
community. lts remarkably high geometric albedo, previously measured with CHEOPS (Saha et al.
2025), has been attributed either to highly reflective clouds or to an extremely metal-rich atmosphere.
Here, we present a panchromatic JWST dayside emission spectral analysis of this exo-Neptune,
combining NIRISS and NIRSpec/G395H to precisely probe its composition. Owing to the exceptional
S/N and broad spectral coverage, we report a robust detection of silicate (Mg2SiOs4) clouds on its ultra-
hot dayside, which exhibit strong reflection at shorter wavelengths — the first such detection for a
Neptunian exoplanet. We statistically rule out the need for an extremely metal-rich atmosphere by
disentangling the metallicity—cloud degeneracy; the data strongly favor the cloudy interpretation. We
also robustly detect CO and COz2, with a marginal detection of H20. Furthermore, we place a tight upper
limit on SiO abundance that indicates possible depletion, and we infer a well-constrained, super-solar
C/O ratio of =1 — collectively suggesting sequestration or cold-trapping of oxygen into refractory
condensates such as Mg2SiO4. These results unveil key structural and compositional properties of
LTT9779b’s dayside atmosphere, adding crucial insights into its evolutionary pathways.

Frequency & Composition of Planetary Debris Around White Dwarfs: Insights from HST/COS
Survey
Snehalata Sahu (C), University of Warwick, UK

White dwarf atmospheric pollution provides a direct probe of the bulk composition and frequency of
rocky exoplanetary debris. In this talk, | will present new results from HST/COS snapshot survey of 427
hydrogen-atmosphere white dwarfs using silicon and carbon as the primary tracers of recent or ongoing
accretion. | will discuss how the frequency of planetary debris varies across white dwarf parameters
(such as cooling age, mass), and how these trends connect to the initial masses of the progenitor stars,
thus offering insight into the ultimate fate of planetary systems. Further, | will also highlight several of
the most interesting systems that exhibit heavily metal-enriched spectra and provide the strongest
constraints on the composition and origin of the accreted planetary material. Finally, | will outline
opportunities for deeper spectroscopic follow-up with HST and JWST, and discuss how UV metal-line
diagnostics in white dwarfs contribute to broader questions of planetary system formation and evolution.

esa



Debris Disks with JWST: From Dust to Colliding Worlds and Evaporating Exocomets
Matthias Samland (C), Max Planck Institute for Astronomy

JWST observations are transforming our view of debris disks, a key outcome of planet formation and
a laboratory for chemical evolution. | will present new JWST results on CO-gas-rich debris disks that,
for the first time, allow us to infer the composition of exo-asteroids and exo-comets from resolved gas-
line diagnostics. These data open a direct link between evaporating minor bodies in other systems and
in situ measurements of Solar System asteroids and comets, providing a way to compare planetesimal
chemistry.

Our JWST observations target main-sequence stars and provide a powerful complement to white dwarf
pollution studies, which have so far been the primary probe of bulk rocky compositions once planet
formation has ended. At the same time, JWST mid-infrared spectroscopy constrains the mineralogy of
the second-generation dust, building a more complete picture of how solids are processed from
protoplanetary disks to mature planetary systems and helping to distinguish early debris disks from
late-stage protoplanetary disks.

One focus of recent work is the benchmark system HD 172555, a close analog of B Pictoris, where
medium-resolution JWST/MIRI spectroscopy reveals a Keplerian gas disk containing neutral Cl and S
and ionized Fe and Ni. The wealth of detected species informs our understanding of the elemental
composition of the underlying evaporating population and where these bodies may originate. Together,
these results demonstrate how JWST—working in concert with Hubble and ground-based facilities—
can connect the chemistry of circumstellar debris to the architectures and long-term evolution of
planetary systems.

Massive Stars from Cosmic Dawn to z=0
Peter Senchyna (1), Carnegie Observatories

In just a few short years, JWST has both revolutionized our understanding of the first billion years and
unveiled a host of surprises that suggest our understanding of this crucial era is far from complete. |
will discuss how key questions about this era are wrapped-up in uncertainties about how massive star
populations formed at extremely low metallicities and high densities behave; and highlight findings from
both JWST at high-z and HST in the local Universe that illustrate the surprising impacts these stars
might have had. Progress in understanding the massive stars that reionized the Universe will require
synthesis of work extending from our cosmic backyard out to the highest redshifts; | will chart how new
deep observations with JWST and HST as well as next generation facilities can bridge this key gap.

JWST Spectroscopic Stellar Abundance Patterns Probe Detailed Evolution of Isolated Dwarf
Galaxies
Katie Sharpe (C), University of California, Berkeley

| will present the first chemical abundance patterns from resolved stars in nearby, isolated dwarf
galaxies from JWST spectroscopic observations. Using JWST NIRSpec, | have measured [alpha/Fe]
and [Fe/H] for dozens of stars in three dwarf galaxies with diverse star formation histories in order to
track chemical enrichment over cosmic time. By comparing the abundance patterns of stars in these
isolated dwarf galaxies with quenched Milky Way satellites, | am decoding the processes that drive star
formation and quenching in the lowest mass galaxies.
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Local environment is thought to substantially affect the evolution of low-mass galaxies (see, e.g., the
morphology-density relationship, differing gas content), but the exact mechanisms governing evolution
and quenching in different environments remain unclear. My abundance results allow for the first
detailed chemical evolution modeling of isolated, low-mass galaxies. Comparison with the well-studied
Milky Way satellites enables the first systematic study of processes that quench star formation in dwarfs
in isolated vs satellite environments. JWST is especially well-suited for resolved stellar abundance
pattern measurements; | will also highlight its prospects for acquiring stellar abundances outside of the
Local Group.

Understanding the Chemical Enrichment of the Early Universe with JWST EXCELS
Thomas Stanton (C), University of Edinburgh

Chemical abundance measurements provide powerful constraints on crucial physical processes and
timescales in galaxy evolution. Previously, the majority of observations at high redshifts were only
sensitive to the abundance of oxygen but, with the advent of JWST, it is now possible to measure the
abundances of multiple elements into the Epoch of Reionization. In this talk, | will present results from
the JWST EXCELS survey, focusing on the chemical properties of star forming galaxies across the
redshift range 1 < z < 8. First, | will focus on oxygen abundances, which show clear evidence for a
redshift-dependent mass metallicity relationship (MZR). | will then discuss empirical evidence for a
fundamental metallicity relationship (FMR) within the EXCELS sample and discuss factors driving the
offset of high-redshift galaxies from the locally calibrated FMR. Beyond oxygen, | will present multi-
element abundance ratios, where we find clear O-enhanced non-solar abundance ratios (i.e., O/Fe,
O/Ar) as expected for young, metal-poor systems in the early Universe. | will discuss the remarkable
agreement between high-redshift abundance ratios and local stellar archaeological data. Finally, | will
comment on how we can understand the evolution of classical emission-line ratios in high-redshift
galaxies by accounting for non-solar abundance patterns.

Spotting Gravitational Wave Progenitors in Hubble's FUV Spectra
Dorottya Szécsi (C), Nicolaus Copernicus University, Poland

Amongst the stellar evolutionary pathways leading to GW emission, the so-called "chemically
homogeneous evolution" channel predicts hot, early O type stars on the main sequence and Wolf—
Rayet stars of class WO on the post-main sequence. But how can we find these objects
observationally? Our best chance is to look into Hubble's FUV spectroscopy of metal-poor local
starbursts such as | Zwicky 18. However, doing that one faces the challenge of cross-matching STIS
vs COS measurements for a dwarf galaxy that is spatially extended—a task that is far from trivial. In
this talk, | present my decade-long hunt for proving the existence of chem.-hom.-evolving GW
progenitors, which recently led me to conclude that Hubble did in fact probably see these stars
(Szécsi+25, A&A): after a careful re-examination of the archives, observations seem fully consistent
with what the theory predicts. This includes the presence/absence of famous emission bumps like C-
IV (1550 A) and He-II (1640 A), the amount of He-ll photoionization and spectral hardness, and more.
| also discuss what this means for a potential future JWST detection, as well as nucleosynthetic yields.

Evolution of the Universe
Sandro Tacchella (1), University of Cambridge

The chemical elements beyond hydrogen and helium were forged through successive generations of

stars and dispersed into the surrounding gas through stellar winds, supernovae, and galactic outflows.
Tracing this enrichment provides a powerful window into how galaxies form and evolve across cosmic
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time. In this review, | will discuss the emerging picture of the chemical evolution of the Universe, from
the first episodes of metal production in the earliest galaxies to the regulated enrichment observed in
mature galaxy populations. | will highlight how metals trace the interplay between star formation, gas
inflows, feedback-driven outflows, and the cycling of baryons between galaxies and their environments.
Recent observations are revealing both the rapid build-up of metals in the early Universe and the
scaling relations that link chemical enrichment to galaxy growth. Together, these results show how
chemical evolution provides a unifying framework for understanding the assembly and self-regulation
of galaxies from cosmic dawn to the present day.

Dust & PAH Clearing in NGC 4826 PHANGS Stellar Associations Revealed by Ha/Paa
Extinction Mapping
Qiushi (Chris) Tian (C), Leiden Observatory

In the interstellar medium, an interplay between gas, dust, and stellar populations shapes a galaxy’s
environment. Multiple processes in star formation and evolution deposit, clear, and reorganize dust
molecules in the immediate vicinity of stellar populations. In the Physics at High Angular Resolution in
Nearby Galaxies (PHANGS) surveys, stellar associations trace loosely bound young stars in recent
star formation sites. Leveraging the synergy between HST and JWST, we measure dust extinction of
stellar associations in NGC 4826 (M 64) using the Ha to Paschen-a decrement. Combining this robust
extinction metric with SED modeling, we refine age measurements of stellar populations. We further
correlate stellar properties with dust emissions from polycyclic aromatic hydrocarbons (PAH) at 3.3
micron and 7.7 micron as seen by JWST. We tentatively note a drop in dust extinction around 7 Myr in
16 pc stellar associations, which roughly coincides with the clearing of PAH emission. Our study
explores the enrichment and dispersion of PAH, connects stellar and dust properties, and reveals their
mutual influence on each other, all enabled by concerted efforts between HST and JWST.

The Metal-poor Universe & Population lll
Eros Vanzella (1), INAF-OAS

The search for extremely metal-poor - and potentially metal-free - star formation in the early Universe
remains observationally demanding, but it is central to understanding the first generations of stars and
the onset of chemical enrichment. By combining the resolving power of the Hubble and James Webb
Space Telescopes with major ground-based facilities and strong gravitational lensing (“cosmic
telescopes”), we are entering an era in which faint, compact stellar complexes (and in some cases
individual star clusters) can be spatially isolated at high redshift. This lensing-boosted contrast opens
a path to identifying localized, near-pristine star-formation episodes and to characterizing exceptionally
oxygen-deficient systems within the first Gyr of cosmic history. | will highlight recent progress and
discuss how next-generation facilities in the 2030s equipped with extreme adaptive optics, most notably
the ELT, will consolidate these efforts, pushing to smaller physical scales and enabling deeper rest-
frame ultraviolet spectroscopy of the most metal-poor star-forming regions.

Gas-phase Metallicity Gradients Probing Galaxy Evolution at z~6-8
Giacomo Venturi (C), Scuola Normale Superiore, Pisa

The interplay between gas accretion, star formation, outflows, and mergers regulates the build-up of
the metal content of galaxies in the early Universe. Therefore, the study of gas-phase metallicity and
its spatial distribution at high redshift is crucial to understand the processes that shaped the early growth
and evolution of galaxies and their baryon cycle. Different radial profiles of metallicity can be interpreted
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in terms of either inside-out galaxy growth, intense stellar feedback, galaxy mergers, or (re-)accretion
of chemically enriched or pristine gas.

Cosmological simulations have different predictions for the evolution of gas metallicity gradients out to
high z. However, until the advent of JIWST, metallicity gradients could be probed only up to z~2-4. | will
present gas-phase metallicity gradients in three systems at z~6-8, when the Universe was only <1 Gyr
old and the galaxy assembly was vigorously taking place. By making use of JWST NIRSpec IFU
observations, we mapped the ionised gas in several rest-frame optical emission line diagnostics (e.g.
[Oll], Hb, [Olll], Ha). We find generally flat radial gradients of gas metallicity, which are consistent with
these sources being experiencing galaxy-scale gas mixing, induced by frequent mergers and/or stellar
feedback. These results extend out to z~8 the regime in which metallicity gradients are explored,
providing a critical reference to inform cosmological simulations and models of galaxy evolution.

Dissecting Chemical Enrichment & Nucleosynthesis Up to the First Stars Through Gamma-
Ray Bursts
Susanna Vergani (C), CNRS - Paris Observatory PSL

Unveiling galaxies at the highest redshifts and studying their chemical evolution is a key objective of
HST and JWST. Thanks to their access to the stellar continuum and the ionized gas in star-forming
regions of high-redshift galaxies, it was possible to determine that z > 6 galaxies not only form stars
efficiently but also undergo significant chemical evolution, showing unusual chemical abundances
which may indicate rapid enrichment processes during the earliest stages of galaxy formation.

It is fundamental to add to this picture the chemical properties of the neutral gas, which is a primary
ingredient of the ISM and the CGM of galaxies at high redshift, and which contains a large part of metals
at z > 3. Those remain difficult to access at high redshift, because they need a bright background source
to be revealed. However, the opportunity to combine the properties of the different gas phases is
opened when a LGRB (long gamma-ray burst, i.e. belonging to the class of GRBs produced by the
explosion of a very massive star) is detected in a high-redshift galaxy. A LGRB afterglow spectrum,
with high enough signal-to-noise ratio and resolution, allows the detection of many different metals
down to very low column densities. This enables a detailed analysis of their abundances and the study
of the nucleosynthesis in the LGRB host galaxy globally as well as dissecting different clouds of the
gas.

In this talk, I will show the results obtained from ground-based spectroscopy of 3 LGRBs at z>~6 and
the unique opportunity that HST and JWST observations can provide to gather a new and necessary
broader and more complete picture of chemical enrichment in high-z galaxies, through the observations
of LGRB host galaxies. | will show how these studies can be pushed even at further redshift by JWST
and enable the detection of the signatures of Poplll nucleosynthesis, thanks also to the synergy with
new GRB missions, such as SVOM.

C/Fe Ratio of Exocomets in the Beta Pic System
Théo Vrignaud (C), Institut d’Astrophysique de Paris

Beta Pictoris is a young (20 Myr), nearby (V = 3.86) A5V star hosting one of the most iconic
exoplanetary systems known to date. The system features an extended debris disc, two massive
planets (B Pic b and c), and an exceptionally high number of exocomets detected spectroscopically as
they transit the star. All of this, combined with its close proximity, makes 8 Pic a unique laboratory for
studying the final stages of planetary formation.
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In this talk, | will present recent breakthrough in our understanding of the exocomets, based on
observations from cycle 32 of the Hubble Space Telescope (program 17790, PI T. Vrignaud). Thanks
to these observations, we were able to detect the spectral signatures of several exocomets transiting
Beta Pic, with an unprecedented wavelength coverage (1000 - 7000 A). For the first time, exocomet
signatures were detected in Fe Il and C | lines simultaneously, as well as in a large number of other
metallic species (S I, Ni ll, Ca Il, etc.). These observations allowed us to measure the C I/Fe Il ratio of
the detected comets, to constrain their ionisation states, and subsequently to infer their C/Fe ratios. We
found that the C/Fe ratios are super-solar (C/Fe > 10), indicating that the exocomets in the Beta Pic
system are predominantly icy, and have a composition similar to that of solar comets. These results
represent the first measurement of the composition of minor bodies in any extrasolar system. They also
highlight that exocomets can play an important role in the redistribution of volatiles throughout young
planetary systems. These results will be submitted for publication in one of the Nature journals in the
coming month, well before the conference date.

What Do We Know About Exoplanet Chemistry and What’s Next?
Hannah Wakeford (I), University of Bristol

In the short time since the start of JWST’s science operations, it has caused a paradigm shift in the
information and understanding of giant planet atmospheres. The spectroscopic IR capabilities have
revealed absorption from H20, CO2, and CO with exquisite precision, provided the first look at elusive
methane absorption, and shown a diversity of photochemistry and disequilibrium processes at play in
giant planet atmospheres. Previously obscuring aerosols that plagued UV-optical spectra are revealing
themselves via distinct absorption and emission in the mid-IR confirming for the first time in irradiated
exoplanets theoretical predictions of cloud formation. | will present a case study of one such planet
which is revealing the roles of clouds and chemistry in exoplanet atmospheres and the feedback
imparted between composition, dynamics, and detectability.

A First Census of Individual HIl Region Abundances at Cosmic Noon
Brian Welch (C), International Space Science Institute

Observations of nearby galaxies show significant spatial structure. Pockets of star formation alter their
local environments, driving changes in gas physical conditions and nebular chemical abundances
between HIl regions within the same galaxy. Most observations of high-redshift galaxies cannot resolve
these individual HII regions and instead rely on galaxy-integrated measurements. Gravitational lensing
magnifies high-redshift galaxies and provides a unique opportunity to investigate their substructures. |
will present direct-method abundance measurements of individual HII regions in six lensed galaxies at
Cosmic Noon (2.3 <z < 3.7), based on JWST/NIRSpec IFU observations. One of these lensed galaxies,
the Sunburst Arc, contains a compact star cluster with a population of Wolf-Rayet stars that are driving
an elevated nitrogen abundance in the surrounding nebula. All of the lensed galaxies in our sample
have HST imaging and ground-based rest-UV spectroscopy that allow us to constrain the young,
massive stellar populations. Together, the JWST and HST data enable us to connect nebular
abundances with their generative stellar populations at the level of individual HII regions. This sample
of direct abundance patterns in lensed HIl regions can help determine how chemical evolution unfolds
within galaxies.



Future Prospects for Hubble
Jennifer Wiseman (C), NASA GSFC

The Hubble Space Telescope is currently scientifically strong and unique, continuing to enable
profound advances in the full range of astrophysics from solar system dynamics to cosmology. What
is the outlook for Hubble’s future? | will discuss future possibilities and the vital role of Hubble and its
data in the landscape of current and upcoming astronomy missions.

Exploring the Properties of Interstellar Dust in the Nearby Diffuse Interstellar Medium
Sascha Zeegers (C), SRON/Anton Pannekoek Institute

Cosmic dust ultimately forms the building blocks for planets and life on Earth. The diffuse interstellar
medium (ISM) sets the initial conditions for material that feeds into dense molecular clouds. These
dense clouds may eventually collapse to form protostars, and subsequent planetary systems.
Therefore, it is important to study the physical and chemical characteristics of dust in the diffuse ISM.
JWST enables us to observe dust in the nearby (<3 kpc) diffuse interstellar medium in unprecedented
detail. By making use of background stars, we can observe the extinction of stellar light by dust grains
which may reveal grain properties of the dust, such as the chemical composition, structure and size of
the dust grains.

In this talk, | will present recent results of the Webb Investigation of Silicates, Carbons and Ices (WISCI)
project. In this project we study sightlines towards twelve O and B type stars in the Milky Way within 3
kpc with a range of visual extinctions (Av) of 4 - 7 magnitudes. The brightness of the O and B stars
combined with the line-of-sight extinction by the intervening dust grains enables the detection and direct
comparison of dust extinction features from the UV to the infrared. WISCI includes JWST MIRI and
NIRCam, HST STIS and VLT XSHOOTER spectroscopy. The first results from this project have
recently been published by the WISCI team (Zeegers et. al 2025). Our observations of silicates,
carbonaceous dust and even possible water features challenge our understanding of the diffuse ISM
and will open up new avenues for future laboratory experiments and the development of dust models.
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Discover the European James Webb Space Telescope Science Archive, eJWST
Maria Arévalo Sanchez, Starion Group for ESA

The European JWST Science Archive (eJWST), designed, developed and operated by the ESAC
Science Data Centre (ESDC), provides a comprehensive and interoperable access portal to the full
suite of James Webb Space Telescope (JWST) observations for the scientific community. The archive
integrates public science data products from all JWST instruments and observing modes,
complemented by rich metadata and VO-compliant services that enable efficient data discovery,
retrieval, and programmatic analysis. Through its seamless connection with ESASky, users can
interactively visualise JWST observations in a multi-wavelength context, overlay instrument footprints,
and directly compare JWST datasets with legacy and operational missions such as HST, Gaia, Euclid,
and Herschel, among others.

The eJWST Science Archive supports advanced scientific workflows through flexible scripting access,
including the dedicated Astroquery eJWST module, as well as intuitive graphical user interface features
complemented by its connection to ESA Datalabs, where a suite of analysis-oriented Jupyter notebook
examples is available to promote transparent and reproducible research.

Continuous development and international collaboration among partners ensure alignment of data
products with STScl's JWST pipeline improvements, the integration of community-delivered High Level
Science Products (HLSP), and scalability to accommodate the mission’s growing data volume. By
coupling robust data services with cross-mission interoperability, the European JWST Science Archive
serves as a key infrastructure for maximising the scientific return of JWST.

The Role of Stellar Abundances & Opacity Choices in interpreting HD-149026b JWST Emission
Spectra
Priyanka Baghel, National Institute of Science Education and Research, HBNI

Planet formation occurs within the same molecular cloud as the host star, suggesting a link between
the elemental abundances of the star and the planet. Exoplanet atmosphere studies often assume solar
abundances for host stars; however, specific host star abundances might lead to more accurate
constraints. In this talk, | present sensitivity studies for the metal-rich star HD 149026 and its exoplanet
HD 149026b to quantify the impact of adopting solar versus stellar abundances on the pressure-
temperature (P-T) profiles, equilibrium chemical abundances, and emission spectra using self-
consistent radiative-convective thermochemical equilibrium (RCTE) models. Recent James Webb
Space Telescope (JWST) NIRCam observations of HD 149026b have produced widely varying
metallicity estimates: 59-275x solar from chemical-equilibrium retrievals (Bean et al. 2023) and 12-31x
solar from self-consistent modeling (Gagnebin et al. 2024), both assuming solar abundances. To
investigate the origin of these discrepancies and obtain a more robust metallicity constraint, we
generate a grid of self-consistent models using ATMO and perform grid-based retrievals. We constrain
the metallicity to 53—113x solar while adopting solar abundances, and 39-78x stellar when adopting
host-specific abundances.

We constrain the self-consistent (P-T) profile of HD-149026b to be substantially cooler (upto 500 K)
than the self-consistent best-fitting model in Gagnebin et. al. 2024, requiring higher CO2 abundance to
match the observed spectra and leading to higher inferred metallicity. We find that the inclusion of Fe
opacity in computing self-consistent P-T profiles for HD-149026b in our models is the major reason for
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these differences, highlighting the importance of opacity choices in computing the P-T profiles of
exoplanet atmospheres. In summary, our work emphasizes the need to consider stellar abundances
and opacity selection when modeling exoplanet atmospheres.

Revealing 3D Atmospheric Structure on Gaseous Exoplanets Through Carbon and Sulfur
Chemistry
Nidhi Bangera, Institut fir Weltraumforschung

Spectroscopic studies of exoplanets often rely on limb-averaged, one-dimensional (1D) atmospheric
profiles, but planetary atmospheres typically exhibit three-dimensional (3D) thermal structures. To
explore how these structures affect observable chemistry, we model the warm Saturn WASP-69b using
a 3D global circulation model (GCM) framework ExoRad, combined with 1D chemistry modelling with
ARGO.

We sample pressure-temperature profiles from the GCM at selected latitudes and longitudes and run
1D chemistry models that incorporate photochemistry, vertical mixing, and ion-neutral reactions along
each vertical column.

We find that methane (CHa) is impacted at quench level (p=0.25 bar) at the morning terminator by
particularly cold gyre structures at the poles and by a hotspot offset at the equator. CH4 also exhibits
strong day-night column density variations (of an order of magnitude) driven by photodissociation
(p=107 to 10 bar). Sulfur dioxide (SO2) forms photochemically at 102-3-10° bar, and traces the
dayside hotspot shift such that production peaks westwards from the substellar point. SO2 is less
sensitive to the off-equatorial cold gyres dominating over large parts of the morning limb. Ammonia
(NHs) and carbon dioxide (COz2) show only weak spatial sensitivity.

These results highlight the potential for 3D chemical gradients in transmission spectra, motivating future
observational strategies aimed at detecting such signatures.

Metal Oxide Hazes for JWST: Thermochemistry and Machine Learning
Deepak Bisht, Space Research Institute, Austria

Cloud formation in gaseous exoplanets begins with the formation of cloud condensation nuclei (CCN),
which can form from various metal oxide clusters. Using quantum-chemical and thermodynamic data,
we analyze 89 global-minimum clusters across eight metal oxide species — TiO, TiO2, Al203, MgO, SiO,
VO, VOz2, and V205 — to assess their structural stability, thermochemical behavior, and absorption
properties under exoplanetary conditions. Gas-phase equilibrium calculations reveal two distinct
condensation regimes: complex, high-temperature condensate precursors such as (TiO2)n and (Al203)N
at Tgas S 2500 K, and simpler clusters, low-temperature condensate precursors such as (MgO)n and
(SiO)n at Tgas < 500 K. The resulting absorption spectra of these clusters show strong features below
~40 microns, several of which fall within the JWST wavelength range (0.6-28 microns), suggesting that
metal oxide clusters may directly contribute to observed cloud and haze signatures in exoplanet
atmospheres. Characterizing larger clusters capable of transitioning toward bulk condensates becomes
computationally very expensive using classical quantum-chemical methods such as DFT. To extend
the cluster growth analysis, we employ Machine Learning Framework to predict the geometries and
thermochemical properties of larger clusters, currently focusing on (TiO2)n. Our work provides a
framework to address the long-standing question of how metal oxide hazes may form, evolve, and
absorb radiation under exoplanetary conditions, offering predictions that JWST observations can help

identify and constrain.
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Multi-Wavelength Diagnostic for Anisotropic Magnetic Drag in WASP-18 b
Alnjona Blocker, Space Research Institute, Austrian Academy of Sciences

WASP-18 b provides a unique laboratory for studying atmospheric chemistry and ionization under
extreme irradiation and to facilitate synergies between HST and JWST, but also with CHEOPS and
PLATO. Phase curve observations of WASP-18 b suggest the presence of an effective magnetic drag.
Previous studies have shown that the magnetic fields exert a drag on the neutral gas component, but
their impact on the atmospheric circulation remains poorly constrained. Here, global circulation
simulations with IWF Graz 3D GCM ExoRad of WASP-18 b are presented, which include anisotropic
magnetic drag, explicitly separating Pedersen and Hall momentum transfer.

The anisotropic magnetic drag and frictional heating both change locally due to changing degrees of
gas ionization. One consequence of ionization is high H- abundances. HST/WFC3/IR and JWST are
both sensitive to H- abundances on the dayside via eclipse measurements. In addition, H- determines
albedo in the optical observable with HST/WFC3/UVIS, but also with CHEOPS and in the future with
PLATO. Degree of ionization strongly affects both the strength and direction of winds in the upper
atmosphere on WASP-18 b, showing that strong Pedersen and Hall drag dampen and redirect the flow.
These effects reshape the day-night circulation on WASP-18 b, producing distinctive observable
signatures: (1) enhanced evening—morning terminator temperature differences, (2) two off-equatorial
hotspot regions with reduced eastward shift, and (3) partial disruption of the equatorial jet on the
dayside. These structures directly modify the planet's phase-curve morphology and terminator
asymmetry observable across a wide wavelength range with JWST and HST and with upcoming
PLATO measurements.

FEAST: JWST/NIRCam Close-up View of the Dance Between Two Dwarf Galaxies
Giacomo Bortolini, University of Stockholm

| will present new JWST/NIRCam observations of the interacting dwarf galaxy pair NGC 4485/NGC
4490 (Arp 269), obtained as part of the Cycle 1 Feedback in Emerging extrAgalactic Star clusTers
(FEAST) program. This system is the closest known pair of interacting late-type dwarf galaxies (~8
Mpc), aside from the Magellanic Clouds, providing a unique opportunity to investigate how interactions
shape the star formation and chemical evolution of dwarf galaxies.

The sensitivity and resolution of JWST allow us to resolve individual stars in both galaxies and construct
detailed color-magnitude diagrams. We identify stellar populations spanning the full evolutionary history
of the system, including a very young and massive (age < 30 Myr, M > 8 Mg) population of red
supergiants forming a prominent tidal bridge from NGC 4485 to NGC 4490. We also detect
intermediate-age oxygen- and carbon-rich asymptotic giant branch stars and an old red giant branch
stars population.

Using the SFERAZ2.0 stellar population synthesis code, we derive the spatially resolved star formation
histories of both galaxies and the tidal bridge. We find two major increases in star formation: one
occurring 10-30 Myr ago and another between 100 Myr and 1 Gyr ago. Together with previous
simulations and upcoming high resolution HI observations, these results shed new light on the
interaction-driven evolution of this nearby dwarf pair system, providing constraints on how the
interaction has sculpted their stellar content. Our study highlights how JWST’s superior resolution and
near-infrared sensitivity open new windows onto the star-formation processes of nearby dwarf galaxies.
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ZTF J2008+4449: A Peculiar White Dwarf Merger Remnant with a Half-Ring of Circumstellar
Material
Andrei Alexandru Cristea, Institute of Science and Technology Austria

In recent years, the wealth of data on potential double white dwarf merger remnants made available by
time-domain surveys like the Zwicky Transient Facility (ZTF), ATLAS, Kepler and TESS, together with
spectroscopic counterparts such as SDSS V and DESI, has been essential in advancing our knowledge
of compact binary evolution. In particular, the unique physical properties revealed by multi-wavelength
follow-ups of peculiar systems offer invaluable insight into the limitations of our current best theories.
The periodically variable white dwarf ZTF J2008+4449 is possibly one of the most exotic discovered so
far: a likely merger remnant showing signs of accretion from circumstellar material without a stellar or
substellar companion. The nature of ZTF J2008+4449 as a merger remnant is supported by its physical
properties: hot (35, 500 + 300 K) and massive (1.12 + 0.03 Mp), the white dwarf is rapidly rotating on
a period of = 6.6 minutes and likely possesses exceptionally strong magnetic fields (~ 400-600 MG) at
its surface, the effect of which is most noticeable in its far ultraviolet HST COS spectrum. Remarkably,
we detect a significant period derivative of (1.8+0.1)x107'? s/s, indicating that the white dwarf is spinning
down. Together with the detection of soft X-ray emissions, these are tell-tale signs of accretion or, more
generally, of interaction with circumstellar material. We also detect Balmer emission whose unusual
variability on the spin period of the white dwarf, showing Doppler shifts as high as = 2,000 km/s, is
consistent with the trapping of a toroidal half-arc of ionized gas in the white dwarf’'s magnetosphere.
Intriguingly, near infrared WIRC photometry of this system excludes a mass-transferring brown dwarf
or sub-stellar companion as the source of circumstellar material. JWST is the only existing mission able
to provide, through MIRI, the photometric data necessary to characterize and constrain the origin of
this material.

Atmospheric Characterization of WASP-69b: A Laboratory for the Study of Cloud & Chemical
Processes
Patricio Cubillos, Space Research Institute, Austria

The James Webb Space Telescope is transforming our understanding of exoplanet atmospheres by
providing unprecedented sensitivity across the infrared spectrum. In particular, warm Jupiters (Jupiter-
sized planets with equilibrium temperatures of ~1000 K) are uniquely suitable for atmospheric
characterization, presenting large spectroscopic features and compositions that strongly depend on the
atmospheres' elemental building blocks, thermal structure, and dynamical properties.

| will present our transit observations of the gas giant WASP-69b using JWST's NIRSpec and MIRI,
covering from 2.8 to 12 um. WASP-69b has one of the largest spectroscopic metric for atmospheric
characterization among the known population of exoplanets. The combined observations enabled us
to make an exhaustive inventory of chemical species, from which we investigate the complex interplay
between thermochemical, photochemical, and vertical mixing processes. The broad wavelength
coverage of these observations also enabled us to place constraints on cloud and haze properties,
including their plausible composition.

Ultimately, by combining our transit observations with published JWST day-side observations of WASP-
69b, we will present a complete exploration of the link between the planet's atmospheres, interior, stellar
environment, and formation mechanisms. Thanks to the observation of this and other giant exoplanets,
JWST is opening the door for comparative planetology, allowing us to study how planets form and
evolve into the diverse population seen today.
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A Revitalized Hubble Spectroscopic Legacy Archive and the Chemistry of Exo-Asteroids
John Debes, AURA/STScl for ESA

The new Hubble Spectroscopic Legacy Archive (HSLA) provides scientifically validated coadded
spectra of individual targets that have been observed with the Cosmic Origins Spectrograph (COS) and
the Space Telescope Imaging Spectrograph (STIS) over their operating lifetimes, now spanning 16 and
28 years respectively. HSLA uses data available in the Mikulski Archive for Space Telescopes (MAST)
and automatically produces coadds whenever new data become publicly available, or when there is
newly recalibrated data. A key feature of the new HSLA is that it automatically defines individual targets,
groups multiple observations of a single target into associations, and produces a classification for each
target. HSLA products have recently been released via MAST and there are publicly available examples
of how to create custom coadds via Jupyter notebooks. COS and STIS spectroscopy covers a wide
range of stars, galaxies, and nebulae from the UV to the near-IR and opens up the chemical study of
different populations of objects in a systematic way. Additionally, the framework for HSLA can be
extended to any archive of extracted 1-D spectra. In this presentation | leverage the HSLA data
products to look for the occurrence of weak circumstellar gas in orbit around hundreds of nearby white
dwarfs observed in the UV as a signature for evaporating asteroids and to determine whether the gas
accreted onto white dwarfs is consistent with flattened disks or more isotropic accretion structures.

Probing Magnetic White Dwarf Atmospheres: HST UV Constraints & JWST Prospects for ZTF
J1901+1458
Aayush Desai, Institute of Science and Technology Austria

Stellar atmospheres mediate how stars imprint themselves on the galaxy’s chemical and radiative
environment, and for low-mass stars, this interface is ultimately the white dwarf (WD). Their emergent
spectra arise from atmospheres with strongly coupled composition and opacity physics, offering a direct
probe of the surface conditions of these stellar endpoints. Therefore, accurate atmosphere models are
essential for their characterisation. Strong magnetic fields complicate this picture: magnetically modified
opacities and Zeeman-shifted lines reshape spectra of hot WDs, especially in the UV, where a large
fraction of the flux emerges. Yet the atmospheric consequences of fields >100MG fields remain poorly
explored.

We present the first self-consistent WD atmosphere models that include the effects of such fields in the
radiative transfer, continuum opacities and line formation. Applying these models to phase-resolved
HST spectroscopy of the merger-remnant WD ZTF J1901+1458, we reproduce its 3000A magnetic-
opacity break, strongly shifted Lyman features. HST’s UV coverage is essential: it isolates the magnetic
redistribution of flux and breaks degeneracies between temperature, extinction and field strength,
enabling a robust characterisation of the WD. Our modelling yields a cooler effective temperature, larger
radius, stronger dipolar field and older cooling age. By comparing rotational light-curve amplitudes
across UV and optical bands, we show that modest changes in surface field strength naturally generate
the observed variability, linking photometric modulation directly to magnetic opacity gradients. Finally,
we highlight how JWST mid-IR observations can look for debris or fallback material capable of powering
the observed soft X-rays, illustrating how HST and JWST together advance our understanding of
magnetic WD merger remnants and their role in stellar feedback and enrichment.



The European Hubble Space Telescope Science Archive: Visualize, Retrieve & Extract Science
from HST Data!
Javier Espinosa Aranda, Starion Group for ESA

The European Hubble Space Telescope Science Archive (eHST, https://hst.esac.esa.int) provides
comprehensive access to the full scientific public dataset of the Hubble Space Telescope, serving as
ESA’s continuously synchronized mirror of the Mikulski Archive for Space Telescopes (MAST) archive
hosted by Space Telescope Science Institute (STScl). All data products retrieved through eHST are
identical to those available at MAST, ensuring scientific consistency while offering a user experience
enriched by ESA-developed tools and services. eHST hosts the complete set of public HST
observations and has recently been developed to enable mirroring of selected High-Level Science
Products (HLSPs), including the Hubble Spectroscopic Legacy Archive (HSLA). Data synchronization
across international partners is achieved through robust collaboration between ESA, STScl, and the
Canadian Astronomy Data Centre (CADC). CADC software is a key component of the synchronization
pipeline used at ESAC, complemented by ESA’s own improvements and quality-control mechanisms.

The archive features state-of-the-art interactive exploration tools, such as the Image Viewer and
Spectra Viewer, enabling quick-look visualization directly in the browser. The user interface integrates
ESASKky for contextual sky exploration. Additional specialized components, such as the HCV Explorer
for the Hubble Catalog of Variables, further extend the archive’s scientific reach. For programmatic
access and automation, eHST supports Virtual Observatory (VO) services and retrieval via the HST
Astroquery module. On-the-fly generation of Jupyter Notebooks is also available, that can be deployed
in ESA Datalabs Science Platform, where all eHST associated files are available without the necessity
of downloading them, enabling quick access to eHST data in this dedicated environment. In addition,
Astroquery using PyVO library is fully supported, enabling VO-compliant queries and seamless
integration into scientific workflows. These capabilities offer multiple interoperable access paths to the
same HST dataset, allowing users to select the tools and workflows that best align with their scientific
requirements.

With a comprehensive suite of visualisation tools, high-level data products and VO-compliant
programmatic interfaces, the ESA Hubble Science Archive offers a framework for scientific exploitation
of HST data. Researchers can efficiently perform detailed filtering and automated retrieval of the
required observations and products. Then, they can transition directly from data discovery to in-situ
processing, enabling efficient and scalable exploitation of the complete public HST dataset.

Unveiling the spectral properties of emerging star clusters in NGC628 with JWST/NIRSpec
Helena Faustino Vieira, University of Stockholm

The star formation process is at the center of the baryonic cycle, dictating galaxy evolution and setting
the stage for planet formation. Once massive stars form, stellar feedback processes begin altering the
structural, chemical and energetic properties of the surrounding environment, significantly affecting the
initial conditions for subsequent rounds of star formation. Determining the specific mechanisms at play
is difficult, due to the dusty nature of the natal clouds, and the juxtaposition of various processes. JWST
is perfectly placed to pierce through the dusty ISM to reveal the young star clusters still in the process
of emerging from their birthplace, and thus actively driving stellar feedback.

| will showcase our pilot NIRSpec/MOS study of 100s of emerging young star clusters (eYSCs) in

NGC628. Spectroscopy at 1-5um uniquely gives us a direct imprint of the mechanisms at work during
the cluster emergence phase, probing both the ionizing conditions and extinction (through H
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recombination lines and He), and photo-dissociation region (PDR) properties. We find that eYSCs with
the most intense ionizing radiation (both H and He) are younger, and associated with both brighter
3.3um PAH and warm H2 emission, indeed suggesting these are still embedded and associated with
a compact PDR. NIR line diagnostics indicate that the dominant mode of feedback in these cases is
radiative rather than mechanic. JWST/MOS also allows us to characterize the immediate ISM of these
eYSCs, and we observe variations in PAH and H2 emission as a function of distance from the ionizing
clusters.

This works highlights the power of JWST’s resolution and sensitivity, which is now allowing for detailed
spectroscopic studies in distant galaxies (~10Mpc), disentangling the properties of eYSCs and stellar
feedback, which previously was only possible within the Local Group.

First MIRI/MRS Observations of IRS3 and IRS7, two sources in the harsh environment of SgrA*
Macarena Garcia Marin, ESA/STScl

At a distance of about 8 kpc, the center of our Galaxy is broadly recognized as a laboratory for extreme
phenomena, likely similar but not accessible to us yet in other galaxies. Its extreme star forming
conditions include the presence of young stars close to SgrA*, the ~4.3x108 Msun supermassive black
hole and a broad range of metallicities. The harsh radiation environment is expected to have an impact
on the production of complex molecules. A few arcseconds away from SgrA* lie IRS7, a red supergiant,
and IRS3, and AGB star with a thick dust envelope, and the brightest mid-IR source in the region. In
this contribution we present the first MIRI MRS observations of both sources, and use them to analyze
their chemical complexity.

Using atmospheric types of rocky exoplanets to constrain planetary surfaces
Oliver Herbort, University of Vienna

Future observations of rocky exoplanets are expected to enable the characterisation of their
atmospheric compositions. However, precisely constraining abundances of atmospheric species will
remain challenging for small exoplanets in the near future. Therefore, the characterisation of potential
atmospheric types and their observational differences is crucial. This poster highlights the connection
between different atmospheric types, defined by their gas and cloud composition, and their
corresponding surfaces. Our results are generated from a surface-atmosphere model which builds the
atmosphere from bottom to top and includes cloud condensation. Our investigations of various sets of
elemental abundances based on different rock compositions reveal the diversity of atmospheric
compositions, which form distinct atmospheric types. In particular, the link between the atmosphere
and crust makes it possible to constrain the sulphur chemistry. While the sulphur cloud condensates of
H2S and H2SO4 only form for planets with high surface pressures and/or temperatures, the sulphur-
bearing condensates at the planetary surface (including especially FeS, FeS2, and CaSOs) are directly
linked to the atmospheric types. | will present model transmission spectra based on these atmospheric
compositions, which show that the atmospheric composition can be constrained to a specific
atmospheric type. Although it will remain challenging to obtain sufficient observations, these could in
principle constrain the planetary surface mineralogy.

The Outflow of the Eruptive Protostar in B335 and the Ices in its Envelope
Klaus Hodapp, University of Hawaii

The B335 protostar has undergone a major outburst detected in the scattered light of its outflow cavity
in the WISE W1 and W2 filter bandpasses, and confirmed by Spitzer observations. The outburst has
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up to now lasted for well over a decade and had an amplitude of about 3 magnitudes in the W1 and
W2 bandpasses, comparable to optical FU Orionis outbursts. At the end of the NEOWISE mission,
B335 had not yet returned to its pre-outburst brightness. B335 therefore offers the rare opportunity to
study the effects of a major outburst on the jet of a protostellar object.

During the declining phase of this outburst, we observed the innermost regions of this outflow as a
byproduct of JWST/NIRCam GTO program 1187, primarily intended for WFSS spectroscopy of
background stars behind the globule. We obtained two epochs of JWST/NIRCam imaging data
precisely one year apart and are also using public JWST NIRSpec IFU data.

Precise proper motions of the shock fronts emerging from the B335 protostar were obtained. By far the
most prominent shock front is shock 3E. Its kinematic age corresponds to the early phases of the
ongoing outburst of the B335 protostar. Shock 3E shows strong CO gas emission, as well as H2 and
[Fell] emission. Older shock fronts show diminished CO emission and are dominated by H2 and [Fell].
The emission feature OE, closest to the protostar, is distinct in proper motion and radial velocity from
the other shock fronts in the jet and is probably a stationary disk wind shock.

In the span of 4" closest to the protostar, the continuum extinction increases by AV = 200. The CO-line-
removed spectra of 13C0O2, OCN-, and OCS show strongly increasing column densities toward the
protostar. The ice spectra are overall similar to those found in lines of sight with less extinction, pointing
to the similarity of the chemical conditions in molecular clouds over at least one order of magnitude in
extinction.

A Visitor from the Outer Kuiper Belt - The Unusual Organic-rich Coma of Centaur C/2023 RS61
Eva Lilly, Planetary Science Institute

Centaurs are small bodies scattered from the trans-Neptunian region rapidly dynamically evolving
towards their end states as Jupiter-family comets. Especially dynamically new members of the
population orbiting beyond Saturn are still likely to retain much of their pristine composition, allowing
us to characterize the small end of the TNO population which is below our detection threshold.

Here we present the JWST NIRSpec observations of a distant active centaur C/2023 RS61
(PANSTARRS) associated with a large ~ 4 mag. outburst which started around Aug. 10, 2025. It was
the second detected outburst of this object within several months - an extremely rare occurrence for a
centaur. Ground based observations have shown a featureless coma and a short, wide tail. Our JWST
NIRSpec observations of the C/2023 RS61's coma were acquired via program 9481, and have revealed
that this object possesses the most organic-rich materials ever detected in a cometary comae, while
showing no traces of gas emission. The spectrum is similar to the organics-type/Cliff-type Trans-
Neptunian Objects population proposed to have formed at the furthest regions of the solar system's
protoplanetary disk, rich in methanol and nitrate species, but poor in CO2. Our observations confirms
that centaurs are the missing link of transporting nitrogen-rich material from the outer Kuiper Belt to the
inner solar system. As no emission of volatile species was detected, we conclude the outburst was
caused by a pit-forming event, where the subsurface pressure opened up a sinkhole and escaping
hypervolatiles excavated the pristine material below, while escaping the field of view by the time of our
observations. This unique, organic-rich dust coma provides an unprecedented opportunity to observe
in real-time the evolution of a coma composed of the most pristine materials in the warm, and more
accessible giant planet region.
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PAHs as Probes of ISM Astrochemistry in Star-Forming & AGN-Dominated Environments
Karin Menéndez-Delmestre, Brazilian Center for Research in Physics

Star formation and black hole growth are key drivers of galaxy evolution, and both leave imprints on
the chemistry of the interstellar medium (ISM). Polycyclic aromatic hydrocarbons (PAHs) offer a
powerful way to trace this astrochemical processing, responding sensitively to local radiation fields
across galactic environments. Using JWST/MIRI observations, we spatially resolve PAH emission in
nearby Seyfert galaxies across concentric annular regions that extend from a central AGN into the outer
disk. This approach allows us to probe the astrochemistry of the ISM as a function of distance from the
AGN, and to disentangle how local radiation fields shape PAH properties. We have also studied a large
sample of (>500) luminous and ultra-luminous galaxies to explore how different globally-dominating
radiation fields alter PAH populations in highly obscured systems. We decompose the Spitzer/IRS
spectra of these galaxies to isolate the PAH emission and determine the molecular diversity of PAHs
using the NASA Ames PAH Database, a large spectroscopic library of PAH molecules. We find that the
PAHSs that dominate these dusty systems are small (< 50 carbons), neutral molecules with a chemical
composition mostly restricted to carbon and hydrogen. Most interestingly, we find that variations exist
in the proportion of charged and neutral PAHs for galaxies with stronger AGNs, where the harsher
radiation field of AGNs appear to drive a stronger proportion of neutral and small PAHs. Our results
show that AGN alter the ISM astrochemistry without destroying PAHs and suggest an altered pathway
for these complex molecules in these environments: PAH-dehydrogenation and PAH-breakdown into
smaller PAH molecules appear as dominant pathways to the PAH lifecycle in AGNs’ harsher radiation
environment. This is in agreement with laboratory works pointing to the stability of PAH molecules and
motivates further use of PAHs to probe for the radiation field in these dusty, extreme environments.

Direct Measurements of ISM Kinematics with Multi-Epoch HST & JWST Data
Martin Piecka, University of Vienna

Providing a full 3D kinematic picture of various interstellar structures is essential for understanding the
physical processes that dynamically shape the interstellar medium (ISM), especially around star-
forming region. While Gaia has transformed our view of stellar kinematics, obtaining a similar level of
information for the ISM remains a major challenge due to the complex (non—point-like) morphology of
ISM features. For this reason, ISM proper motions have only been determined for a few fast-moving
Herbig-Haro objects. Consequently, our kinematic knowledge about the ISM is primarily based on radial
velocities and, in the case of star-forming clouds, on proper motion proxies such as young stellar objects
and masers. In this contribution, | will present a novel approach based on SimplelTK, a medical image
registration and analysis toolbox, and demonstrate its capabilities for directly detecting proper motions
of interstellar structures with motions down to a few milliarcsecond per year. Such measurements are
possible only with instruments offering high spatial resolution and stability, such as JWST/NIRCam or
HST/WFC3, together with multi-epoch baselines that now extend up to about 30 years. Preliminary
results based on archival HST and JWST images will be presented for several ISM region, which
highlight the strenghts of using the discussed method, as well as limitations that will need to be
addressed in the future. Finally, | will discuss how the obtained proper motions -- when combined with
integral-field spectroscopy instruments such as NIRSpec, MUSE, or KCWI -- open a window to
spatially-accurate 3D kinematics of the ISM. Overall, measurements of ISM kinematics enable direct
studies of feedback-driven flows and cloud dispersal processes, highlighting the unique opportunities
offered by coordinated HST-JWST programs alongside other facilities such as ELT and Euclid.
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(Photo-)Chemical Modeling of Jupiter: A self-consistent model
Nils-Martin Robeling, University of Vienna

The recent discovery of diverse exoplanetary atmospheres and the capabilities of the James Webb
Space Telescope (JWST) to detect a wide range of molecular species have increased the need for
models that can self-consistently calculate the thermal and chemical structure of gas giants with only
the input of a boundary condition. Disequilibrium chemistry plays a central role in shaping these
observed exoplanet spectra, particularly through photochemical and escape processes. To address
this, we extend the capabilities of the Kompot code (Johnstone et al. 2018), a one-dimensional, first-
principles, self-consistent thermo-chemical model to simulate the upper atmosphere of gas giants.
Unlike parameterised approaches, Kompot solves the coupled hydrodynamical, chemical, and thermal
balance equations without prescribing a temperature profile, allowing the physical structure to emerge
from the underlying processes. It also allows for feedback between the chemistry and the thermal
structure. Previously, the Kompot code has been used to simulate the atmospheres of Earth-like
exoplanets to estimate secondary atmosphere retention (See Van Looveren et al. 2025). Our results
establish the first benchmarks of Kompot for gas giants, demonstrating its ability to reproduce
observations. These results establish the first benchmarks of Kompot for gas giants, demonstrating its
ability to reproduce both model predictions and observations. The work lays the foundation for applying
Kompot to giant exoplanets exposed to diverse stellar environments, where disequilibrium chemistry
and thermal structure jointly determine the observable signatures seen by JWST.

Evidence of Titanate Clouds in the Day-side Atmosphere of the Ultra-Hot Jupiter WASP-121b
Suman Saha, Universidad Diego Portales

The day-side atmospheres of the hottest ultra-hot Jupiters (UHJs) have long been subject to
speculation about cloud formation, often without direct observational evidence. Here, we present a
detailed analysis of the panchromatic day-side emission spectrum of WASP-121b—one of the hottest
known UHJs—covering a broad wavelength range of ~0.6-5.1ym, based on archival JWST
observations from NIRISS and NIRSpec/G396H. We report statistically significant detections of several
key molecular species, including H20 (13.40), CO (14.70) SiO (4.90), TiO (5.40), and VO (6.60),
establishing WASP-121b as one of the most thoroughly characterized exoplanetary atmospheres to
date. Additionally, we present the robust detection of Titanate (CaTiOs) clouds at 6.70 the first such
detection in any exoplanet atmosphere. Our analysis further reveals strong evidence of TiO depletion,
likely due to sequestration into refractory condensates such as Titanate clouds. The precisely
constrained molecular abundances yield a super-solar C/O ratio of 0.963+0.024, a sub-solar Si/O ratio
of 0.034+0.024, and a metallicity of 4.7-1.38*19° times solar. These findings offer a unique window into
the atmospheric chemistry of an extreme UHJ, positioning WASP-121b as a key benchmark for next-
generation models of atmospheric evolution and dynamics.

From Jupiter-Family Comet to Centaur Again: Characterization of the Active Centaur
39P/Oterma
Charles Schambeau, University of Central Florida

Understanding the thermal, structural, and compositional evolution of small icy bodies in the solar
system provides methods to constrain the environmental conditions present during their formation in
the protoplanetary disk. In particular, observing the dynamically related trans-Neptunian Object (TNO),
centaur, and Jupiter-family comet (JFC) populations allows us to infer properties of their nuclei interiors.
These interiors preserve information about how material formed and evolved in the outermost region
of the protoplanetary disk. Because each population has undergone different amounts of thermal and
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dynamical processing, comparing them helps us understand different “levels” of evolutionary history of
that primordial material. The centaur 39P/Oterma is unique among the centaur population because of
its observed migration from centaur orbit to that of a JFC, then back outwards into one of a centaur
again over the past 100 years. The orbital migration was due to two close encounters with Jupiter in
1937 and 1963, respectively. We present a characterization of 39P/Oterma based on visible and near-
infrared observational data from the Gemini Observatory, HST, and JWST. The Gemini GMOS and
HST WFC3 broadband visible imaging data span from UT 2019-07-03 through UT 2023-11-1, enabling
an approximately four-year baseline of dust coma activity monitoring. Ten epochs of imaging data were
acquired, where 39P/Oterma was consistent with a point source in each, suggesting the lack of an
extended surface brightness due to a dust coma. Nucleus color measurements from these data will be
presented. While there were no conspicuous indications of a dust coma in the imaging data, the JWST
NIRSpec IFU observations presented an extended surface brightness attributed to a CO2 gas coma. A
thermal model was implemented for 39P/Oterma. Results of the thermal model will be presented that
focus on constraining the storage mechanism of CO2 in the interior of 39P/Oterma’s nucleus.

How Pipeline-Level Differences Impact Exoplanet Atmospheric Characterization
Simon Schleich, University of Vienna

From its observations of exoplanets, JWST is providing us with atmospheric spectra of unprecedented
quality. These spectra are a crucial part of identifying the chemical composition of exoplanetary
atmospheres. However, this improved data quality also poses new challenges. One of these is the
sensitivity of atmospheric characterisation results to the underlying spectroscopic data set. | will present
an investigation of the impact of small-scale variations in spectroscopic data on the retrieval of
exoplanetary atmospheric properties. We use the hot Jupiter WASP-39 b as a case study. Using a
NIRSpec PRISM transit observation, we compare the results of homogenised atmospheric retrievals
performed on three transmission spectra produced using the same data reduction pipeline. We
categorise the resulting parameter estimates, including the atmospheric chemical makeup, into three
groups: (1) stable, well-constrained estimates, (2) stable but unconstrained estimates, and (3) unstable
estimates, where posterior distributions are heavily skewed but appear well-constrained at the
commonly reported one-sigma centred credible intervals. Our results highlight the need for detailed
investigations into the stability and sensitivity of atmospheric parameter inferences. Stable, robust
frameworks are essential to correctly characterise the nature of exoplanetary atmospheres.

Unexpected metallicity trends in super-Earths and sub-Neptunes
Barbara Soares, Porto

As the discovery of exoplanets continues to grow, so does the diversity of planetary types, revealing
an increasingly complex and varied population. While the formation processes of some planets are
relatively well understood, others remain puzzling — particularly for those in the radius valley, a gap in
the planet size distribution between a peak dominated by super-Earths and another centered on sub-
Neptunes.

Recent studies have shown that sub-Neptunes exhibit a correlation between planet size and host star
metallicity. In our work, we find that smaller sub-Neptunes orbit stars with different properties than larger
sub-Neptunes, even when they share similar temperature regimes. One interpretation is that smaller
sub-Neptunes differ in composition from their larger counterparts, with the presence of steam worlds
— rocky planets with a non-negligible atmosphere partially composed of water — being a possible
explanation rather than these planets simply being scaled-down versions of larger sub-Neptunes.
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In this talk, | will present our findings on this correlation across different planetary types. We confirm
the previously reported correlation for larger sub-Neptunes and, interestingly, also detect a correlation
for super-Earths, contrary to earlier studies. In contrast, we find no correlation for smaller sub-Neptunes.
| will discuss what these results imply for the origin of smaller sub-Neptunes — whether they represent
an evolutionary stage of other planets or form a distinct population within the radius valley.

Chemical controls on the atmospheric stability of rocky exoplanets
Ivan Stankovi¢, University of Vienna

Metallicity and the C/O ratio are among the most common parameters used to describe exoplanet
atmospheres. While these might be appropriate for H-dominated gas giants, they cannot capture the
atmospheric complexity of rocky exoplanets. To identify better metrics and explore the range of feasible
atmospheric compositions, we investigated which chemistries remain stable against atmospheric
escape over long timescales.

We constructed a grid of upper atmospheric compositions for an Earth-like planet by varying the molar
ratios of H, C, N, O, and S, keeping all other parameters fixed. To model the steady state for each
composition, we used Kompot, our first-principles self-consistent 1D model that couples atmospheric
(photo)chemistry with thermal structure. It includes interactions with stellar radiation, key heating and
cooling processes, and vertical transport through eddy and molecular diffusion.

Our findings show that atmospheric thermal mass loss strongly depends on the bulk elemental
composition. Loss rates are correlated with the input fraction of N and the N/S and O/S ratios, but
strongly anticorrelated with the fraction of C and the C/N, C/O, and H/N ratios. We also explored how
mass loss depends on specific chemical species. CO2 is the molecule that most strongly hinders mass
loss, confirming previous results, whilst the photochemically produced H+, N+, and O+ correlate with
an increased loss. These patterns show that carbon-rich atmospheres with lower ionisation are more
stable than nitrogen-rich, highly ionised ones.

These results provide new metrics for quantifying atmospheric stability in rocky planets beyond the C/O
ratio or metallicity alone. By identifying which atmospheres are most likely to survive, we aim to inform
observational facilities and atmospheric interpretations for smaller planets with JWST and the upcoming
ESA Ariel mission.
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