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The formation of hydrogen-deficient stars through binary interaction 

Authors 

David A. Bour (1) 

(1) Institute of Astronomy, University of Cambridge 

Abstract 

It has been shown that hydrogen-deficient stars at masses too low for stellar winds to play a 
substantial part may form through binary interaction, in which one star is stripped of its 
hydrogen through mass transfer to a binary companion. However, for the donor star to be 
fully stripped, several solar masses of material must be lost, and observations show that the 
companion is able to accrete the majority of this material without spinning up to critical 
rotation. This implies the existence of a mechanism draining significant spin angular 
momentum from the accretor, thus allowing it to accrete to observed levels. We investigate 
whether magnetic mechanisms, namely a magnetically coupled wind and the coupling of the 
accretor's magnetic field to its accretion disc, could be responsible for this spin-down. We 
use the stellar evolution code MESA to derive an evolutionary model for the well known 
hydrogen-deficient binary system υ Sgr which includes differential rotation and a magnetic 
field generated by the TSF dynamo. We find that, while the disc coupling is negligible, the 
winds are sufficiently powerful to allow the accretor to gain mass to observed levels 
without spinning up to critical rotation, leaving the donor as a fully stripped helium star as 
expected. However, in order to fully replicate the observed state of both stars in υ Sgr, the 
magnetic field of the accretor must be artificially scaled during the second mass transfer 
stage, indicating a gap in our understanding and/or modelling of magnetic fields in recently-
accreted material. Nevertheless, we believe these models show that the binary formation 
pathway for low-mass hydrogen-deficient stars is still robust even when rotation is taken 
into account. 
  



Diversity of stripped-envelope supernovae light curves from interaction with 

binary-driven circumstellar material 

Authors 

Dandan Wei (1), Fabian Schneider (2) 

(1) Institute of Science and Technology Austria 
(2) Heidelberg Institute for Theoretical Studies 

Abstract 

A growing number of core-collapse supernovae (CCSNe) exhibit diverse light-curve 
morphologies that indicate strong interaction with dense, pre-existing circumstellar 
material (CSM). Understanding the physical origin of such CSM is essential for exploring the 
late-stage evolution of SN progenitors and the diversity of observed transients. Non-
conservative mass transfer during binary interactions provides a promising channel for 
producing dense CSM before core collapse. Using the stellar evolution code MESA, we 
simulate post-common-envelope binaries that give rise to ultra-stripped progenitors before 
core collapse, and self-consistently construct the CSM from the mass loss during binary 
evolution. We further analytically predict the resulting bolometric and radio light curves by 
following the shock dynamics of SN ejecta interacting with the CSM. We find that surface-
radius variations in the ultra-stripped progenitors, which reflect changes in core energy 
generation after a delay comparable to the thermal timescale, trigger multiple episodes of 
mass transfer, and give rise to a variety of CSM density profiles, including detached shells 
and multi-peaked structures. When interacting with SN ejecta, such CSMs naturally give rise 
to non-monotonic, multi-peaked optical and radio light curves. The predicted radio 
emission can account for the overall observed radio luminosities in some stripped-envelope 
SNe, as well as the presence of multi-peaked features. To fully capture the detailed diversity 
observed in interacting supernovae, a broader exploration of envelope-stripping binary 
models will be required. Our results reveal that SN-CSM interaction in binaries hosting 
ultra-stripped progenitors provides a natural framework for producing diverse light-curve 
morphologies, and establishes a crucial link between the pre-SN evolution of massive stars 
in binaries and the diversity of their explosive transients. 
  



The changing nature of WOH G64: spectral evolution and implications for pre-

supernova evolution 

Authors 

Wasif Shaqil (1), Emma R. Beasor (1), Nathan Smith (2) 

(1) Astrophysics Research Institute, Liverpool John Moores University 
(2) Steward Observatory, University of Arizona, USA 

Abstract 

Understanding extreme mass loss in the final stages of massive-star evolution is crucial for 
connecting massive stars to their resulting supernova types. The dust-enshrouded red 
supergiant WOH~G64 in the LMC provides an excellent laboratory to understand this 
phase. We report the spectral variations of WOH~G64 over the past $\sim20$~years using 
MIKE, MagE, X-Shooter and UVES data. Previous studies suggest that the star had 
transitioned into a yellow hypergiant (YHG) star, primarily due to the disappearance of TiO 
bands. However, our recent findings suggest that it has transitioned back to an RSG with 
weak TiO bands reappearing after 2024. We also find a likely composite spectrum showing 
forbidden emission lines of [O~I] and [Ca~II], which are signatures of B[e] stars, supporting 
the growing consensus that WOH~G64 is a binary system. We argue that the ejection of a 
significant fraction of the outer layers, potentially driven by a violent interaction such as a 
collision or a common envelope phase, is required to explain this transition. I will discuss 
the implications of these results in the context of pre-supernova evolution and how they 
may provide insights into events like SN~2023ixf, which exhibited extreme mass loss prior 
to explosion.  
  



Binary Interactions and the Period Distribution of Wolf-Rayet Stars Across 

Metallicity 

Authors 

Max Briel (1) 

(1) Université de Genève 

Abstract 

Wolf-Rayet (WR) stars are essential drivers of chemical and radiative feedback in galaxies, 
yet their formation mechanisms, particularly across different metallicities, remain actively 
debates. A central open question is the role of binary interactions: do they dominate WR 
formation and how do they shape the observable WR population? 
In this talk, I present binary population synthesis results from POSYDON to investigate the 
binary WR population. I discuss, across metallicity, the binary interactions that lead to WR 
phases, the period distribution and the predicted companions of WR stars, including black 
hole companions.  A key results is the absence of WR stars at wide orbital periods in sub-
solar metallicity environments and a strong peak at orbital periods of a few days, caused by 
stable mass transfer.  
  



The Mauve Stellar Science Programme: Early Results 
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Abstract 

The Mauve satellite launched in late 2025, and since January 2026 has been providing NUV–
visible observations of stellar objects as part of a detailed year-long observation 
programme that will answer questions about stellar activity and variability, exoplanet 
hosts, hot stars, and exotic populations in binaries.  
During the early science phase, Mauve observed multiple targets to characterise 
performance and understand the feasibility of the different science themes proposed by the 
survey members. In this talk, we will show how Mauve will address the original science 
themes proposed in the preliminary science programme, presenting analyses and 
interpretations of early datasets to demonstrate the satellite’s performance across all stellar 
types and science themes.   
Mauve will run a collaborative three-year survey programme and provide thousands of 
hours of observations of bright stars. The science cases presented here will cover the first 
year of Mauve’s survey operations, as developed by a global consortium of researchers. We 
will also explore how the wider research community can access Mauve year one data and 
identify opportunities to help develop the survey programme for years 2 and 3.  
  



Analysis of new Pan-STARRS data on the mysterious optical disappearance of a 

star in M31 - a failed supernova? 

Authors 

Lauren Eastman (1), Stephen Smartt (1) 

(1) University of Oxford 

Abstract 

To date, we have observed over 28 supernovae whose progenitors we have been able to 
resolve in archival data. Combining these 28 with deep limits for others, a Salpeter Initial 
Mass Function predicts that we should have detected many more of these progenitors with 
Zero Age Main Sequence masses above 18M(sun) yet, we have seen none. If not in a 
luminous explosion, how do the highest mass stars die? Alternative theories propose that 
they form black holes before they can produce a luminous supernova: a failed supernova. 
Recent observations of a peculiar event in M31 show a star ‘disappear’ in the optical, and 
decrease significantly in the infrared luminosity, with a x10 decrease in the bolometric 
luminosity (De et al. 2026). Could this event be a failed supernova? The star appeared to 
disappear over a period of 1000 days. Here we present new Pan-STARRS data that sample 
the variability history of this massive star and, remarkably, sample the decline in the light 
curve from its bright state to disappearance. These data fill the time gap presented in the 
discovery paper. We measure the timescale for the disappearance and compare this to 
models of stellar collapse as a critical test of the black hole forming idea. We also present a 
search for stars in M31 which undergo similarly dramatic fading or apparent disappearance 
over a 14 year baseline using Pan-STARRS data. 
  



Pulsating massive stars as finely tuned instruments in the stellar symphony for 

constraining the physics of stellar evolution 

Authors 

Dominic Bowman (1) 

(1) School of Mathematics, Statistics and Physics, Newcastle University, Newcastle upon 
Tyne, NE1 7RU 

Abstract 

Massive stars are progenitors of neutron stars and black holes, and through their winds and 
supernova explosions they dictate the radiative, chemical and dynamical feedback 
mechanisms within galaxies. The convective cores of massive stars act as engines that drive 
evolution during the main sequence, but direct inference of core masses is challenging. This 
is because such estimates are subject to unconstrained convective boundary mixing (CBM) 
processes which remain largely uncalibrated prescriptions in 1D stellar evolution models. 
The uncertain chemical and angular momentum transport mechanisms can lead to 
unwieldy interior mixing and rotation profiles, thus making it difficult to predict a massive 
star's evolutionary fate. However, thanks to ongoing space missions and our development of 
modern asteroseismic modelling techniques, we are now able to deduce precise convective 
core masses and robustly measure (non-rigid) radial rotation profiles in massive stars, with 
results spanning a wide range in mass and age within the HR diagram. In this talk, I will 
discuss the state-of-the-art in terms of techniques and results from asteroseismic studies of 
massive stars, and how these are being used to improve our theories of stellar structure and 
evolution when combined with MHD simulations of massive star interiors. Specifically, 
asteroseismic modelling provides important constraints on ages, core masses, interior 
mixing, rotation and angular momentum transport, but also the impact of binarity (e.g. tides 
and mass transfer) as well as the strength and geometry of interior magnetic fields, which 
are all essential ingredients for stellar evolution. Therefore, the recent paradigm shift of 
asteroseismology towards massive stars is providing a deeper understanding of the physics 
of stellar interiors, yielding concrete anchor points for calibrating stellar evolution theory, 
and producing robust benchmarks for population synthesis. 
  



ALMA measurements of mass loss and wind clumping in the massive stars of 

the Arches and Quintuplet clusters 

Authors 
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Abstract 

We present the first Atacama Large Millimeter/submillimeter Array (ALMA) Band 3 (100 
GHz) and Band 6 (243 GHz) continuum observations of the Arches and Quintuplet clusters, 
two of the youngest and most massive stellar clusters in the Milky Way. We detect and 
characterise millimetre emission from 23 massive stars in the Arches cluster, including 
WN7-9h Wolf-Rayet stars, O-type supergiants and hypergiants. By combining our ALMA 
measurements with archival Very Large Array data spanning 5-22.5 GHz, we derive 
broadband radio-millimetre spectral indices and investigate the radial structure of stellar 
winds through frequency-dependent clumping diagnostics. The majority of Wolf-Rayet stars 
exhibit spectral indices clustered around $\alpha \approx 0.7-0.8$, consistent with 
predominantly thermal free-free emission from dense, partially optically thick winds. In 
contrast, several O-type stars show flat or negative broadband spectral indices, indicative of 
non-thermal synchrotron emission likely associated with colliding-wind binaries. Using 
millimetre flux densities, we derive clumping-scaled mass-loss rates spanning 
$\log(\dot{M}/\mathrm{M}_{\odot}\,\text{yr}^{-1})\approx-4.1$ to $-4.9$ for the WN 
stars and $-4.9$ to $-5.4$ for the O super-/hypergiants, consistent with expectations for 
luminous massive stars in the Galactic Centre environment. We find significant evidence of 
structured wind clumping at millimetre wavelengths that generally decreases with 
increasing radius, supporting structured wind models with strong inner-wind 
inhomogeneities. These results demonstrate the power of combined radio-millimetre 
observations for constraining mass-loss and wind structure in massive stars, and provide 
new insight into stellar feedback in extreme cluster environments. Preliminary results for 
the Quintuplet are also presented. 
  



OCARINA: Harmoniously evolving binaries within galaxies 

Authors 
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Abstract 

In the era of multi-messenger astrophysics, we are on the precipice of observing binary 
systems within our galaxy using gravitational waves in addition to traditional 
electromagnetism, in the advent of third generation gravitational wave detectors such as 
LISA. The joint messenger observations can bolster our detection ability of systems 
throughout our galaxy, providing an unprecedented insight into their populations. By 
predicting the spatial distribution of binaries within our galaxy, we can test multiple facets 
of binary evolution, such as stellar, orbital, and kick evolutions.  
  
In anticipation of this, I will present our end-to-end OCARINA (Orbital Characterisation of 
binARIes iN gAlaxies) pipeline to accomplish track the orbital motion of binaries robustly 
using population synthesis and hydrodynamical galaxy simulations. By combining our 
understanding of binary motion throughout the galaxy, we can create simulations to predict 
the spatial densities of binaries across the galaxy. OCARINA can co-evolve the orbits of 
binaries in tandem with its galaxy. It can also provide a valuable insight into preferential 
environments, the fraction of binaries that can escape the galaxy, and potentially, metal 
enrichment (related work). In this talk, I will be focusing primarily on the nature of neutron 
star binaries (NS+NS and Spidery Pulsars – a pulsar with an ablated companion). 
  



The evolution of accretor stars in binary systems due to accretion of 

increasingly helium-rich material 

Authors 

Sean Richards (1), Jan Eldridge (1), Sohan Ghodla (2), Max Briel (3) 

(1) The University of Auckland 
(2) Department of Physics and Astronomy, Colgate University 
(3) Département d’Astronomie, Université de Genève 

Abstract 

The recent discovery of examples of intermediate-mass helium stars has offered new 
insights into interacting binaries. These observations will allow significant improvements in 
our understanding of helium stars. However, in the creation of these stars, their 
companions may accrete a significant amount of helium-rich stellar material. This leads to 
stars with unusual composition profiles ─ stars with helium-rich cores, hydrogen-rich lower 
envelopes, and a helium-rich outer envelope. Thus, the mean molecular weight reaches a 
minimum in the middle of the star rather than continuously decreasing outwards in mass. 
In this talk, I will present a recent case study we have published surrounding these unusual 
composition profiles. I will discuss both the implications of this helium-enriched mass 
transfer and the prevalence thereof. 
  



Circumstellar emission of YSOs detected by the Pico dos Dias Survey 

Authors 
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(1) Universidade de São Paulo 

Abstract 

The Pico dos Dias Survey (PDS) was based on the excess of infrared (IR) emission to 
selected candidates to be spectroscopically confirmed as Pre-Main Sequence stars (PMS). It 
was performed more than 30 years ago and revealed hundreds of new T Tauri (< 2 Solar 
masses) and Herbig Ae/Be ( 2-8 Solar masses) stars. Since then, several PDS objects have 
been studied in detail, with direct imagery, for instance, confirming the presence of 
protoplanetary discs. One of the most striking examples is PDS 70 whose circumstellar 
structure shows two planets in formation. 
Our goal is to study the spectral energy distribution (SED) of T Tauri stars to estimate 
stellar and circumstellar parameters through optical and IR photometry. By analysing 
previously published data of T Tauri stars from PDS, we used different photometric bands 
to construct the observed SED, which is compared with synthetic spectra calculated from a 
simple disc-model. The characterization of the circumstellar structure is performed through 
the IR photometry, which allows us to evaluate the excess of dust emission due to the 
presence of a protoplanetary disc. 
In this work, which is related to an undergraduate research project, a Python code is being 
developed to model the SED of the stars PDS 54 and PDS 59 using synthetic spectra. The 
results from the SED fitting are in good agreement with the physical parameters of the 
central star and its disc 
In addition to the sample characterization, we used data from the Gaia DR3 catalogue to 
refine the parameter estimates for other PDS objects, aiming to employ the method to a 
larger number of stars from other catalogues. 
  



A Multi Cadence Study of the Variable Stars in Trumpler 37 

Authors 
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Abstract 

North PHASE survey is a 5 year survey that will be using time-resolved, large field data, to 
unveil structures and processes in young stars (YSO) at the relevant scales for inner planet 
formation, while also studying the connection between stars, their formation history, and 
their clusters, independently of astrometry. 
Studying young star cluster Trumpler 37 provides key insights into accretion, star 
formation, and proto-planetary disk evolution . Tr37, a 4 Myr old cluster contains a diverse 
population, including massive OB stars and low-mass T Tauri stars. This makes it an ideal 
laboratory for examining early stellar evolution and the role of cluster environments in 
shaping star formation outcomes.Tr37 hosts numerous stars with circumstellar disks, 
including classical T Tauri stars and transition disk objects, allowing the study planet-
forming processes and disk dissipation mechanisms. The presence of massive stars in Tr37 
significantly influences its surroundings through intense UV radiation and stellar winds, 
leading to photo-evaporation of disks and triggered star formation in nearby gas clouds.  
Additionally, Tr37 exhibits subclustering, providing a natural setting to investigate cluster 
dynamics and eventual dispersion into the galactic field population. Observing Tr37 helps 
bridge the gap between local star formation studies and large-scale galactic evolution, 
offering a framework for understanding star formation in distant starburst regions and 
galaxies. By analyzing clusters like Tr37, astronomers can better constrain the timescales 
and physical processes governing stellar birth, disk evolution, and the long-term impact of 
stellar feedback on the interstellar medium. 
I present work on the analysis of variable stars in Trumpler 37 . From identifying new 
young members and exploring variability through variability indices and phase folded light-
curves to investigating the presence of disks through IR excess and accretion through H-
alpha excess. I also investigate the difference between CTTS and WTTS and introduce the 
presence of disk locking. 
  



What Drives the Light? Revealing Hidden Giant Stars through Spectral 

Fluctuations 

Authors 
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Abstract 

In an IFU observation of a nearby galaxy, each spatial pixel is a different random draw from 
the same underlying stellar population. Instead of averaging this away, we can use the 
resulting pixel-to-pixel variations to ask a different question: which stars are actually 
driving the differences in the light we see? We introduce a Poisson-sampled principal 
component analysis (PCA) method that uses pixel-to-pixel fluctuations in the number of 
giant stars present to isolate their spectral fingerprints directly from the unresolved data.   
I will present new results from applying this idea to VLT/ERIS H-band observations of two 
contrasting galaxies in the Centaurus A group: the post-starburst S0 galaxy NGC 5102 and 
the predominantly old elliptical NGC 5128 (Cen A). 
In the younger system, NGC 5102, the fluctuations naturally split into two distinct 
components. One follows the familiar signature of M giants, but the second reveals a 
population consistent with carbon-rich AGB stars. These stars are difficult to identify in 
integrated light and whose contribution to galaxy spectra remains uncertain, particularly at 
intermediate ages. Here, they appear directly in the data, without needing to resolve 
individual stars. 
The older galaxy, NGC 5128, turns out to be less straightforward. While the dominant signal 
again traces normal M giants, a second component emerges with a smooth, strongly curved 
H-band spectrum that is not predicted by current stellar population models. Its shape points 
towards extremely cool giant stars, likely probing late and highly variable phases of stellar 
evolution, such as Mira-like AGB stars. Rather than separating different types of stars, we 
may be seeing the same stars in different phases of their pulsation cycles. 
These observations suggest that pixel-to-pixel spectral variations can do more than 
highlight the brightest stars—they can expose stellar phases that are effectively invisible in 
standard integrated-light analyses. This opens up a new way of probing the poorly 
understood giant-star populations that shape galaxy spectra, and raises the possibility that 
some of the discrepancies between models and observations originate in these elusive 
phases. Pixel-to-pixel fluctuations, combined with improved models, provide a way to 
quantify the contributions of these elusive stellar phases that are otherwise difficult to 
constrain in the integrated light. 
  



The role of winds in the evolution of binary-stripped stars and their 

companions: First wind mass-loss measurements 

Authors 
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Abstract 

Massive stars that lose their hydrogen-rich envelopes through binary interaction form 
stripped helium stars that are thought to be key progenitors of stripped-envelope 
supernovae and merging neutron-star or black hole binaries. The stellar winds of stripped 
stars play a crucial role in determining the ionizing output, the type of compact object 
produced, and the orbital evolution of close binaries. However, their wind mass-loss rates 
remain poorly constrained because stripped stars have only recently been observationally 
identified, leaving little empirical basis for calibrating their winds. As a result, most 
prescriptions rely on extrapolations of mass-loss rates from Wolf-Rayet stars. 
We present new wind measurements using UV spectra from HST/COS and optical spectra 
from Magellan/MagE. Using the genetic algorithm in the stellar atmosphere code 
FASTWIND, we fit optical and UV spectra simultaneously. We find He II λ4686 and N V 
λλ1239/1242 to be essential wind diagnostics for stripped stars, constraining mass-loss 
rates, terminal velocities, and clumping. We measure wind mass-loss rates of ~1e-9 
Msun/yr for ~3 Msun stripped stars, which is ~100 times lower than the standard 
assumptions from the extrapolated Wolf-Rayet scheme of Nugis & Lamers (2000). These 
weak winds imply that stripped stars retain their leftover hydrogen and later expand to 
large and cool supernova progenitors, which in many cases will be undergoing mass 
transfer before explosion. We present a first empirical mass-loss rate scheme for stripped 
stars that can be implemented in stellar evolution, spectral, and population models. These 
measurements provide a benchmark for wind driving in stripped stars and motivate the 
search for larger samples that can be studied with UV spectroscopy using upcoming space 
missions such as UVEX. 
  



Beyond isochrones: accurate stellar properties and realistic uncertainties for 

early type stars from stellar population synthesis. 

Authors 
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Abstract 

In the present era of large-scale all-sky surveys, stellar properties are increasingly inferred 
from a limited set of observables. For early-type stars in particular, key quantities such as 
age and radius underpin applications ranging from exoplanet direct imaging and transit 
modelling to stellar population studies. However, conventional isochrone fitting based 
solely on effective temperature and luminosity neglects physical processes that strongly 
bias stellar inference, including rapid rotation and unresolved binarity, both of which are 
ubiquitous among early-type stars.  I present a new approach for inferring stellar properties 
using stellar population synthesis that explicitly incorporates realistic distributions of 
rotation rates and binary companions. This framework yields both more accurate 
parameter estimates and physically motivated uncertainties, and is made available as a 
public tool for community use. Applying this method to early-type stars, I show that widely 
used isochrone grids (including MIST and DSEP) systematically underestimate ages near 
the zero-age main sequence and overestimate ages later in the main-sequence evolution 
when rotation and binarity are ignored. I also demonstrate asteroseismic applications of the 
synthetic populations, including implications for the precision of the delta Scuti Period--
Luminosity relation and the location of instability strip boundaries. These results highlight 
the importance of population-level stellar physics as foundational building blocks for 
interpreting individual stars and stellar populations alike. 
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