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Abstract

JWST revealed that high-z galaxies exhibit bursty star formation histories regulated by
feedback and gas inflows/outflows. According to theoretical models, feedback preferentially
removes metal-rich gas, while starbursts are triggered by mergers and metal-poor inflows.
Hence, gas-phase metallicity holds key insights about the processes shaping early galaxies.

[ will present the first NIRSpec/IFU study of spatially resolved ISM in MACS0647-]D
(z=10.17), the brightest system at z>10. The system consists of two stellar components. The
main component is more massive and more metal enriched than its companion, suggesting
that the former hosts an older stellar population. Intriguingly, the centroid of line emission
is spatially offset from the stellar continuum centroid (which coincides with the location of
the massive clump). This provides strong evidence for a recent starburst, possibly
associated with a merger.

Combining the metallicity and the ionised gas velocity dispersion maps, we infer highly
turbulent and metal poor gas between the clumps. Together with the observation of AGN
signatures in the inter-clump regions, this could suggest shocked gas accretion. This
hypothesis is supported by: 1) a significant spatial correlation between gas dispersion and
metallicity in individual spatial pixels (p-value of 1.25e-3) and 2) a morphologically distinct
spatial distribution of low ionisation gas (traced by [O II] emission), compared to the high
ionisation gas. Our shock modelling analysis implies that, if shock-driven photoionisation
are to explain the observed line ratios in the inter-clump regions, extreme pre-shock
electron densities would be needed. This may be consistent with a multi-zone ISM, with an
inner, high density, high ionisation region and an outer, lower density, lower ionisation
region, as suggested by the extended [O II] emission.

The north-eastern region (also between the two clumps) has a high gas dispersion and low
metallicity, as well as low stellar mass density and a highly elevated star formation
burstiness (as given by SFR10/SFR100 ratio), indicating a recent star formation
enhancement due to a metal-poor gas inflow or a large scale recirculation of the gas
originating in the less enriched stellar component. Analysing the system on a spaxel-by-



spaxel basis, we do not find a significant correlation between the stellar mass density and
gas-phase metallicities, revealing that, within the first 500 Myr, metals have not yet
sufficiently mixed to homogenise local chemical variations.

The Carbon Abundance from the integrated aperture spectrum is inconsistent with
production by CCSNe but it can be accounted for by faint pop III SNe. The Neon Abundance
offers a contrasting picture; while log(Ne/O) is sub-solar in every region, our values can be
explained by massive CCSNe progenitors (>30 Msun) dominating the chemical enrichment
in the system. This can serve as a further indicator of very recent star formation.



Identifying and Characterising Star-Forming Clumps using Euclid Ha Emission
Line Maps

Authors
Andrea Henderson de la Fuente (1), Louis Gabarra (1), Gavin Dalton (1), Benjamin Granett

(2)

(1) University of Oxford
(2) Istituto Nazionale di Astrofisica Osservatorio Astronomico di Brera

Abstract

Star-forming clumps are luminous, compact (kpc-scale) regions of intense star formation
embedded within gas-rich disks at cosmic noon (z = 1-2). These structures can contribute
up to ~50% of a galaxy's total star formation rate and are thought to play an important role
in bulge assembly and internal galaxy evolution. However, progress has been limited by
small sample sizes and inconsistent clump definitions across the literature. A large,
statistically robust study with consistent methodology is therefore essential.

We present a systematic approach to identifying star-forming clumps using Ha emission-
line maps from Euclid NISP slitless spectroscopy, applied to a sample of ~13,000 star-
forming galaxies in the Euclid COSMOS field across 0.4 < z < 1.9. Using multi-wavelength
emission line maps rather than rest-frame UV images allows us to uncover clumps that
would otherwise remain hidden, and to separate genuine star-forming regions from
contaminants such as AGN or mergers. Producing emission line maps with a slitless
spectrometer effectively transforms a spectrometer into a photometer, and we will
demonstrate how this recently unlocked NISP capability can be used to study bulge growth
and internal galaxy evolution through clump analysis at scales far larger than previously
possible. We will also highlight the potential for synergies between these maps and ground-
based instruments such as WEAVE.



Direct-method metallicity gradients derived from spectral stacking with SDSS-IV
MaNGA
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Abstract

Chemical abundances are key tracers of the cycle of baryons that drives the evolution of
galaxies. Most measurements of interstellar medium abundances and metallicity gradients
in galaxies are, however, based on model-dependent strong-line methods. Direct chemical
abundances can be obtained via the detection of weak auroral lines, but such lines are too
faint to be detected by large spectroscopic surveys of the local Universe. In this work we
overcome this limitation and obtain metallicity gradients from direct-method abundances
by stacking spectra from the MaNGA integral field spectroscopy survey. In particular, we
stacked 4140 star-forming galaxies across the star formation rate—stellar mass plane and
across six radial bins. We calculated electron temperatures for [OII], [SII], [NII], [SIII], and
[OIII] across the majority of the stacks. We find that T[OII] = T[SII] = T[OII], as expected
since these ions all trace the low-ionization zone of nebulae. The [OIII] temperatures
become substantially higher than those of other ions at high metallicities, indicating
potentially unaccounted for spectral contamination or additional physics. In light of this
uncertainty, we based our abundance calculation on the temperatures of [SIII] and the low-
ionization ions. We recover a mass-metallicity relation similar to that obtained with
different empirical calibrations. We do not, however, find evidence of a secondary
dependence on the star formation rate using direct metallicities. Finally, we derive
metallicity gradients that become steeper with stellar mass for log(Mx/M(Q©) < 10.5. At
higher masses, the gradients flatten again, confirming with auroral line determinations the
trends previously defined with strong-line calibrators.



Young Stellar Objects in Metal-Poor Dwarf Galaxies: JWST Studies of NGC 6822
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Abstract

Dwarf galaxies in the Local Group provide powerful laboratories for studying star formation
(SF) in low-metallicity environments, serving as nearby analogues to high-redshift galaxies.
NGC 6822 (~490 kpc, ~0.2 Zsun) is a non-interacting dwarf with multiple bright HII regions
and embedded star-forming sites. Sextans A (~1.32 Mpc, ~0.07 Zsun) is even more metal-
poor and exhibits a relatively high SF rate (~0.01 Msun/yr) for its stellar mass (~4.4e6
Msun). Their low metallicities make them complementary targets for probing SF under
conditions similar to the early Universe, while their proximity allows resolved studies of
individual star-forming regions with JWST.

We present new catalogues of Young Stellar Objects (YSOs) in both galaxies derived from
high-resolution JWST imaging. In Sextans A, most of the star-forming disk is observed in 12
NIRCam and MIRI filters spanning 0.9-12.8 um, while in NGC 6822, eight filters spanning
1.15-21 um fully sample the disk. These data trace stellar populations as well as dust and
molecular features, enabling identification of both embedded and more evolved YSOs.

Our methodology builds on previous YSO catalogues and theoretical models to define the
colour-magnitude and colour-colour parameter space of YSOs. Candidates are first selected
via a “red source” list using carefully defined colour and magnitude cuts, and subsequently
refined through visual inspection and spectral energy distribution (SED) fitting to remove
contaminants such as evolved stars and background galaxies. The same approach is applied
consistently to both galaxies, producing matched catalogues suitable for direct comparison
and statistical analysis.

Later, we will investigate the spatial distribution of YSOs relative to gas and dust structures,
and analyse their inferred masses and contributions to global SF rates. This will allow
assessment of how local environmental conditions, particularly metallicity, regulate SF. A
direct comparison between NGC 6822 and Sextans A provides insight into how low
metallicities influence early stellar evolution, the formation of embedded clusters, and the
build-up of stellar populations in dwarf galaxies.

To complement the observational catalogues, we plan to explore machine learning
techniques to enhance and automate YSO identification. Supervised methods trained on
validated samples and theoretical model predictions will support scalable and efficient
classification, facilitating analyses of current and future JWST surveys.

Together, this work establishes benchmark YSO samples in low-metallicity systems and
provides a systematic framework for comparative SF studies in nearby dwarf galaxies. By
integrating detailed catalogues, spatial analyses, mass and SF rate estimates, and machine
learning approaches, it extends our understanding of SF under conditions analogous to the
early Universe and demonstrates the transformative potential of JWST for high-fidelity
resolved studies of stellar populations.



Stochastically Sampling Star Clusters: Chemical Enrichment and lonising
Photons
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Abstract

As observations and simulations probe lower masses at higher redshifts, it becomes
increasingly important to model clusters of stars 10*4 solar masses and lower accurately.
At this point the small number of massive stars, which dominate enrichment and ionising
photon production, means it is necessary to stochastically sample the initial mass function,
as opposed to taking the average.

[ am investigating the effect of sampling the IMF over several orders of magnitude in time
and a range of cluster masses, looking at the abundance patterns of the ejecta and the
ionising photon output. I also model emission lines from enriched material, self-consistently
lit by the unevolved stellar population, to explore the impact on derived abundances.

[ apply this methodology to the recently reported high-redshift (z~6.6) object LAP1-B,
which has an estimated mass ~2,700 solar masses, and a proposed metallicity 0.4% that of
the sun, which would make it the most metal poor galaxy ever observed. I investigate
whether the currently cited evidence for population III stars in this galaxy, such as its high
C/0 ratio and hard ionising spectrum, could also be explained by stochastic IMF sampling of
population II stars.

This work will be extended to include as a sub-grid model for star particles in an upcoming
cosmological simulation suite, and has implications for the formation of stellar clusters and
galaxies, determining their feedback modes, and for confirming or ruling out possible
detections of the first stars to form.
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Abstract

The properties of a galaxy’s globular cluster (GC) population can act as an invaluable
resource to study galaxy evolution. For example, their colour distributions relate to
accretion histories, and their spatial distributions can trace tidal features, such as shells,
tails, and bridges between galaxies, caused by mergers and interactions. In order to study
these populations accurately a complete and standardized census of member GCs is
required. As we look to increasing distances outside the Milky Way, however, GCs can
quickly become dim, difficult to resolve, and found at large on-sky separations from their
host galaxies, posing difficulties for observational surveys. The launch of Euclid gives us the
opportunity to detect far more extragalactic GCs, with its large field of view and high spatial
resolution. Here [ will present preliminary work on a GC survey of the M81 group, with a
focus on the properties of the GC population outside the inner regions of M81 and M82.
Following a search of 3.5 degrees of Euclid DR1 data we have more than tripled the amount
of detected GCs at large galactocentric radii compared to previous surveys, extending down
to lower GC brightnesses and physical sizes. We present a preliminary analysis of the GC
luminosity function, color distribution, and spatial distribution across the group and
compare how they relate to known structures and recent galaxy interactions. This work
highlights the power of Euclid to study GCs across the Local Universe.



Nitrogen Enhancement is in the Eye of the Beholder: Lingering H Il Regions
Lighting up High Redshift Galaxies

Authors
Alessandro Angrilli Muglia (1)

(1) Alessandro Angrilli Muglia

Abstract

We investigate the origin of elevated nitrogen-to-oxygen (N/O) abundance ratios in high-
redshift galaxies, a phenomenon that provides an indirect probe of the physical processes
governing early galaxy assembly. Using high-resolution hydrodynamical simulations of
dwarf galaxies (M*<10"9M(), we spatially resolve the elemental abundance structure of
the interstellar medium to bridge the gap between global evolutionary trends and local,
resolved physics. Our models implement state-of-the-art nucleosynthetic yields to test
whether standard enrichment channels, specifically Asymptotic Giant Branch and super-
Asymptotic Giant Branch stars in dense environments can reproduce the extreme nitrogen
emission observed at high redshifts by JWST. To directly compare our simulations with
integrated emission-line spectra, we compute star formation-weighted abundances over 10
Myr and 50 Myr timescales, reflecting the typical lifetimes of H II regions and strong nebular
emission. This approach allows us to determine how the resolved physics of star-forming
regions translates into overall galaxy properties across cosmic time. By tracking individual
gas particles, we infer how local star formation, feedback, and gas flows drive the observed
N/O dispersion. Our results show that high nitrogen to oxygen enrichment can occur at
multiple stages of a galaxy’s life, providing a multi-scale framework to interpret more
generally any emission line driven chemical signatures from the early Universe to the
present day.



From Galactic Nuclei to Haloes: Star Clusters as Tracers and Building Blocks of
Galaxy Evolution
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Abstract

Massive star clusters such as globular clusters (GCs) and nuclear star clusters (NSCs) are
among the densest stellar systems in the Universe, containing millions of stars in tightly
packed together. As bright tracers visible in distant galaxies, they provide powerful probes
of galaxy haloes and the processes that drive galaxy assembly. In this talk, I will show how
these clusters can be used to trace galaxy evolution across multiple scales: from the
formation of galactic nuclei to the structure and dynamics of galaxy haloes, and ultimately
to the cosmic distances.

[ will present new results on the formation of nuclear star clusters based on MUSE integral-
field spectroscopy of a diverse galaxy sample. These observations show that NSCs in dwarf
galaxies closely resemble globular clusters and likely formed through the inspiral of a small
number of GCs, while in more massive galaxies, NSCs have assembled most of their mass
through in-situ star formation. This highlights a transition in the dominant formation
channel of NSCs as a function of galaxy mass.

[ will then discuss how GCs trace the build-up of galaxies from their central regions out into
the far halo, providing insight into both galaxy assembly and halo dynamics. Finally, I will
present initial results from an ongoing programme obtaining high-resolution spectroscopy
of extragalactic GC systems. These data enable precision measurements of internal velocity
dispersions and open a new route to extragalactic distance determinations through the
relation between GC luminosity and internal kinematics.



Globular cluster chemistry inherited from the interstellar medium of the first
galaxies
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Abstract

Globular clusters (GCs) ubiquitously exhibit star-to-star anticorrelations in their light
element abundances, yet the origin of these patterns remains one of the foremost unsolved
problems in stellar astrophysics. Prevailing self-enrichment scenarios, in which multiple
generations of stars pollute the intracluster medium, suffer from a severe mass-budget
problem among other difficulties. In this talk, I present results from the THESAN-ZOOM
suite of cosmological radiation-hydrodynamic simulations in which a class of giant
molecular clouds (GMCs) with chemical abundance patterns characteristic of GCs naturally
emerge under a standard chemical model without invoking internal self-enrichment. I will
show that the key physical mechanism is driven by the bursty star-formation histories of
high-redshift dwarf galaxies: starbursts preferentially eject oxygen-rich supernova ejecta,
while AGB stars continue to enrich the remaining galactic gas with nitrogen. When the
ejected gas cools and falls back onto the galaxy, it collides with the nitrogen-rich ISM,
promoting the rapid collapse of massive GMCs that inherit the characteristic nitrogen-
oxygen anticorrelation observed in GCs. I further identify bound star clusters in our
simulations and show that clusters exceeding surface densities consistent with observed
GCs exhibit GC-like abundance patterns, confirming a direct link between dense cluster
formation and inherited ISM chemistry. Finally, I will discuss the implications of this
scenario for interpreting nitrogen-enriched galaxies observed by JWST and for using GCs as
unprecedented probes of the chemistry and dynamics of the first galaxies.
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Abstract

Galaxy evolution simulations have long been able to model the production and distribution
of chemical elements in the interstellar medium (ISM) of galaxies. However, little attention
has been paid to fairly comparing these intrinsic elemental abundances from simulations
with the emission-line based abundances derived from spectra in observations. This can
lead to misunderstandings about how well (or badly) the chemical evolution models in
simulations are actually performing. To address this issue, | will present the
implementation of synthetic spectra (using the SYNTHESIZER code) into the cosmological-
scale galaxy evolution simulation, L-GALAXIES, which allows us to produce emission-line
spectra in the optical-to-mid-IR range for millions of simulated galaxies back to high
redshift.

L-GALAXIES is ideal for this approach, as it (a) contains a cutting-edge chemical evolution
model including binary stars and dust production/destruction, (b) matches the observed
evolution of the integrated oxygen abundance in galaxies back to z~8, and (c) is extremely
efficient, allowing for extensive testing and adaptation. The ISM is also radially-resolved in
L-GALAXIES, allowing IFU-like spectra of similar resolution to MaNGA to be generated. I will
discuss how Hll-region metallicities derived from these radially-resolved spectra compare
to both observational IFU datasets and globally-integrated spectra of the same simulated
galaxies.

Finally, I will present provisional results assessing the validity of various strong-line and
electron-temperature based metallicity diagnostics using L-GALAXIES + SYNTHESIZER. This
provides a novel theoretical perspective on assessing whether the calibrations currently
used are providing truthful estimates, and if not, what aspects of these calibrations may
need to be changed.



Interactions between HIl regions and magnetic fields in the Milky Way and
beyond
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Abstract

Interactions between turbulent HII region boundaries and magnetic fields impact the
complex dynamics of star formation in the Milky Way. Resolved observations of HII regions
across different scales used in conjunction with polarized dust emission are therefore key to
understanding star formation and evolution within galaxies.

[ will be presenting work on resolved HII regions within our galaxy, and how magnetic
fields threading bordering sites of star formation both impact and are impacted by the
ionising radiation. [ will discuss how the interplay and relative strengths of these
mechanisms changes across size scales, and how this impacts the structure and evolution of
star-forming regions and their feedback. Moreover, the insight gained from a large sample
of resolved Milky Way HII regions can then be extrapolated to further understand the
impact of HII regions in extragalactic sources and their evolution.
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Abstract

Globular clusters (GCs) are not only long-lived tracers of galaxy assembly but are also
expected to continuously shed stars through tidal interactions, thereby contributing to the
build-up of diffuse stellar halos and stellar streams. These stellar streams are among the
most sensitive tracers of the underlying matter distribution in galaxies. Their cold
kinematics and coherent morphologies make them powerful probes of the Galactic
potential, dark matter substructure, and the assembly history of stellar halos. With ongoing
and upcoming surveys such as Gaia, LSST, and Roman expected to dramatically increase the
number of known streams in the Milky Way and nearby galaxies, there is a growing need for
theoretical models that connect GC evolution in cosmological environments to the tidal
debris they produce. While cosmological simulations with subgrid cluster formation models
can now reproduce realistic GC populations, they do not self-consistently follow the
formation of tidal debris during cluster mass loss. We present AuriGLOBES, a physically
motivated subgrid model for star clusters formation and evolution that includes enhanced
mass loss from compact object remnants implemented in the Auriga cosmological galaxy
formation model. We run a suite of zoom-in cosmological simulations comprising 9 Milky
Way mass and 5 lower mass galaxies and demonstrate that our model produces plausible
GC populations and reproduces the empirical GC system mass -- halo mass relation within a
$2\sigma$ scatter. We show that the formation of SCs in tidally compressive, high-pressure
gas in addition to enhanced mass loss from compact object remnants heating is required to
capture the transformation of an initial Schechter mass function to the characteristic
observed GC mass function in the Milky Way/M31 systems. To model the streams, our
method converts cluster mass loss predicted by the subgrid evolution model into massless
tracer particles released along the instantaneous tidal escape axis defined by the tidal
environment. This approach self-consistently determines the geometry and kinematics of
escaping stars in fully time-dependent, non-axisymmetric potentials without assuming
circular orbits or spherical symmetry. The injected tracers reproduce the expected stream
morphology, naturally capture variations in stream structure across different galactic
environments, and allow us to link present-day stellar streams directly to their progenitor
cluster properties and assembly histories. By connecting GC evolution and tidal debris
formation within a unified cosmological framework, our model provides a physically
motivated bridge between globular cluster populations and the stellar halo substructure
they generate, enabling direct comparisons to observations of stellar streams in the Milky
Way and nearby galaxies.
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Abstract

Star clusters are near-ubiquitous building blocks of galaxy assembly, yet modelling their
formation and evolution in a cosmological setting remains a formidable multi-scale
challenge. We present novel cosmological zoom-in radiation-hydrodynamics simulations of
a dark matter halo reaching $107{10} M_\odot$ at $z = 6$ (Thompson et al., in prep.), which
self-consistently resolve the formation of individual star clusters within giant molecular
clouds while simultaneously tracking their role in assembling a galaxy and its nuclear star
cluster.

Star cluster formation is modelled using a sink-particle framework in which the star
formation rate is coupled directly to gas inflow, with individual sub-grid stellar populations
tracked within each cluster particle. These populations self-consistently regulate cluster
growth and the surrounding multiphase ISM through radiative feedback and supernova
explosions. Convergence is demonstrated across three resolution levels reaching spatial
scales as fine as 2.8 pc, and control simulations with radiative feedback disabled isolate the
role of pre-supernova processes.

We recover the initial cluster mass function (ICMF) and show that it is highly sensitive to
pre-supernova radiative feedback — demonstrating that early stellar processes are decisive
in shaping the cluster mass distribution. Individual clusters form rapidly, with formation
timescales and accretion histories resolved at every timestep, revealing how feedback-
regulated gas inflow governs the build-up of cluster mass. In our highest-resolution runs,
we resolve the hierarchical merging of sub-clusters within individual GMCs.

We track the hierarchical growth of a nuclear star cluster (NSC), quantifying the relative
mass contributions from in situ star formation and the inspiral and merging of massive
clusters driven by dynamical friction. Post-processing accounts for relaxation-driven mass
loss consistent with individual tidal histories measured on-the-fly at each sink position, and
we map the resulting metallicity distribution functions and chemical abundance patterns
within the NSC — yielding direct predictions testable with upcoming high-resolution
spectroscopic surveys.

These results demonstrate a self-consistent framework that bridges the resolved physics of
cluster-forming regions to integrated galaxy properties, providing timely theoretical context
for JWST observations of compact stellar systems at high redshift and a concrete step
toward a unified multi-scale methodology.



Star cluster formation across cosmic time: a universal process in evolving
environments? (Invited)
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Abstract

Star clusters are found in all star-forming galaxies, and nearby studies have established a
coherent picture of their formation: the cluster mass function, formation efficiency, and size
distributions are observed to correlate with local ISM conditions, with denser, more actively
star-forming environments appearing to produce more massive clusters and higher cluster
formation efficiencies.

A key question is whether the local framework holds across cosmic time. At cosmic noon
(z~1-3), rest-UV imaging of lensed galaxies reveals compact star-forming clumps with
surface densities far exceeding those of local HII regions: the same trend is mirrored in the
few available GMC observations at these redshifts, suggesting that the denser, more gas-rich
and turbulent ISM of early galaxies shifts cluster formation toward more extreme
conditions.

At even higher redshifts, the combination of strong gravitational lensing with JWST's
sensitivity and angular resolution is now enabling the detection and characterisation of
individual star clusters at z>5. These systems appear to be orders of magnitude denser than
typical local clusters, and in some cases account for a dominant fraction of their host
galaxy's star formation activity, challenging current models of galaxy assembly in the early
Universe.

[ will discuss whether this picture reflects a genuine evolution in cluster properties across
cosmic time, or whether it is shaped by observational biases, in particular our current
inability to detect low-density, low-mass clusters at high redshift. Are the extreme cluster
properties at high-z are simply the natural outcome of the denser environments in which
they form?



Modelling the co-evolution of galaxies and star clusters in cosmological,
hydrodynamical simulations (Invited)
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Abstract

A comprehensive model of galaxy formation should incorporate the formation of star
clusters (SCs) as a product of intense star formation episodes, and track the evolution of
these SCs into the relic population observed in the local Universe. To self-consistently model
this evolution, SC populations must co-evolve with galaxies in their full cosmological
context. Cosmological, hydrodynamical simulations offer a promising means of achieving
this, however simulations that produce representative populations of galaxies cannot
resolve the length scales required to explicitly model the formation and evolution of SCs.

In my talk I will explain how 'subgrid' physical models may be used to track the formation,
evolution, and disruption of SCs, and to investigate how these processes are shaped by the
larger-scale evolution of galaxies. I will outline some key successes of this approach, with
reference to the E-MOSAICS simulations, and discuss the limitations involved. We are
working to overcome some of these limitations using the COLIBRE simulations, which
represent a significant improvement over E-MOSAICS due to the inclusion of new physics
that permits simulation of the multiphase ISM. The more realistic ISM structure in COLIBRE
leads to better capturing of both the formation environments of SCs, and the tidal forces
that can disrupt them. I will discuss the improvements and challenges that this has brought
to our modelling, and present some preliminary results. Finally, I will explain how we are
working to advance our model beyond a purely subgrid approach, in order to self-
consistently model the dynamical friction forces acting on massive SCs, and to track the fate
of stars that originate from disrupted SCs.
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Abstract

Several exciting results on early galaxies have recently been revealed thanks to the JWST.
For example, many first-generation galaxies show extremely strong [O III] and other
emission lines implying intense star formation, hard radiation fields, low metallicities, and
possibly very massive stars. Likewise, JWST is revealing chemically peculiar galaxies in the
early Universe, with very strong [N II] emission, interpreted as elevated N/O ratios and/or
unusual excitation conditions.

However, at cosmological distances, galaxies are typically observed as unresolved or
marginally resolved systems, where integrated spectra blend together multiple star-
forming regions and interstellar medium phases. As a result, commonly used diagnostics
can become biased by spatial averaging and beam-smearing effects. Nearby resolved
observations therefore provide the much needed "ground truth" needed to anchor and
interpret unresolved measurements in distant galaxies.

Spatially resolved spectroscopic studies of Giant H Il regions (GHIIRs) in nearby galaxies are
thus key to understanding the detailed processes in the interaction of gas, dust, and newly
formed stars, which are analogous to those that occurred in episodes of higher intensity in
which much of the current stellar population was born.

In this talk, I will discuss how resolved H II region studies can be used to quantify biases in
strong-line diagnostics, investigate the origin of high-redshift excitation sequences, and
constrain the role of diffuse ionized gas and stellar feedback in shaping integrated galaxy
spectra. [ will highlight recent results from IFU surveys and JWST-era observations, focusing
in particular on those related to chemical enrichment.
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HIl Regions modelling similar processes.
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HII regions are star forming regions within clouds of hydrogen gas. The hydrogen is ionised
by the starlight. The protons and electrons also reform into atoms radiating Lyman alpha
photons. The Lyman alpha photons are further absorbed by the hydrogen gas creating a fog
of radiation depending on the absorption length and the density of the gas. The HII region is
a good model for similar galactic processes providing significant galactic information. A
couple of such processes are outlined and discussed focussing on the information they
produce.



A large-scale variability study of the Perseus molecular cloud
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Young stellar objects (YSOs) are variable due to dynamic processes within their inner
regions, which dictate the star-disk system's evolution. We used Gaia DR3 astrometry and
the North-PHASE Legacy Survey variable photometry to study YSOs in the Perseus clusters:
IC 348 and NGC 1333. A kinematic analysis of the region was conducted, characterising four
groups with distinct properties, with a large-scale structure found that connect the two
primary clusters. New members are identified: 242 linked to each group’s kinematic
structure, and 67 through variability consistent with YSOs, most of which were classified as
proper motion outliers.

Using multi-band lightcurves, we classified over 700 variables in the region, identifying
stars with spots and rotational modulations, dippers and bursters. Periods were recovered
for ~40% of these. We identified accreting sources using the narrow-band Ha filter, of
which ~50% were periodic. This is similar to what was found for non-accretors, indicating a
less stochastic view of accretion. In addition, infra-red photometry of these YSOs was used
to probe for disks, whose properties were compared across the star-forming region. A lower
disk fraction was found for the outlier YSOs when compared to the kinematic groups,
indicating how member reprocessing may affect disk lifespan.

Our study suggests that star-formation is not necessarily localised, with clusters being part
of larger interconnected structures that bridge to galactic scales. On stellar scales,
statistically examining the star-disk connection is central to understanding the formation of
our Solar System and the feasibility of habitable planets.
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Abstract

The Milky Way is a barred spiral galaxy in which stars and gas orbit the Galactic centre;
stellar kinematics offer a powerful tool for probing local Galactic dynamics. Stars form in
dynamically cold molecular clouds. Low-mass young stellar objects (YSOs) serve as effective
tracers of recent star formation, with ~100,000 YSOs having precise proper motion
measurements from Gaia DR3. I model young stellar kinematics using a YSO sample
compiled from multiple literature catalogues and fit proper motions as a function of galactic
latitude, providing a comprehensive study of young stellar populations. I implement a
Bayesian framework using Monte Carlo Markov Chain methods in R/Stan, incorporating
realistic velocity dispersions modelled with Student-$t$ distributions to account for non-
Gaussian velocity structure. In parallel, I implement a linear regression approach with
cluster-robust sandwich estimators to obtain reliable error estimates, and use R/mclust to
account for spatial correlations and heteroscedasticity in the data. I measure residual
velocity dispersions of ~4.6 km s$7{-1}$ in Galactic longitude and ~3.0 km s$”{-1}$ in
Galactic latitude, consistent with a dynamically cold young stellar population. However,
spatial clustering is found to strongly influences deviations from the model fit. I derive a
Local Standard of Rest rotation speed of $242.48 \pm 0.31$ km s$”{-1}$, in good agreement
with previous measurements. Preliminary estimates of the Oort parameters yield non-zero
values of $C$ and $K$, indicating statistically significant deviations from purely circular
motions in the local velocity field. This may suggest that local deviations from axisymmetric
rotation are linked to substructures in the Galactic disk. In particular, motions associated
with star-forming regions and large-scale structures (e.g. spurs and filaments) may
contribute to the observed velocity gradients.
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Abstract

Massive star-forming regions are the most common stellar birth environment in our Galaxy.
In these regions, star and planet formation can be strongly shaped by the external
environment, especially ultraviolet (UV) radiation from high-mass stars ionising the
protoplanetary discs of nearby low-mass stars. In such environments, far-ultraviolet (FUV)
photons can drive external photoevaporation, stripping mass from discs, truncating discs,
and potentially limiting planet growth. [ will summarise results from a new JWST/NIRCam
and NIRSpec study of Tr 14, one of the nearest young massive clusters in our Galaxy.
Although the FUV irradiation reaches levels two orders of magnitude higher than in the
Orion Nebula, we find evidence for disc survival even around the most strongly irradiated
low-mass stars. Several low-mass, disc-bearing stars exhibit proplyd-like cometary
morphologies, with tails directed away from the central O star, but with narrower
structures. I will discuss preliminary results from near- and mid-infrared spectroscopy of
these stars and their tails.



