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Abstract. A 3-day Focus Meeting entitled ”Stellar Physics in Galaxies throughout the Uni-
verse” was held during the IAU XXIX General Assembly. The meeting brought together as-
trophysicists from the stellar physics, extragalactic astrophysics and cosmology communities to
discuss how current and future results can foster progress in these disjoint science areas. Areas
covered include stellar evolution of single and binary stars from the zero-age main-sequence to
the terminal stage, the feedback of stars to the interstellar medium via radiation, dust produc-
tion and chemical enrichment, and the properties of the most massive stars and of cosmologically
significant stellar phases such as AGB and Wolf-Rayet stars. The limitations of our understand-
ing of the physics of local stars and their effects on, e.g., ages, chemical composition and the
initial mass function of galaxies at low to high redshift were evaluated.
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Rationale
Stars are the powering sources of galaxies throughout the universe. Stellar nucleosyn-

thesis is the main energy source for the extragalactic sub-mm background light, dominat-
ing the contribution by gravitational energy (i.e., black holes). Galaxies are observed via
their stellar content, either directly or through light processed by gas and dust. Stellar
ionizing radiation escaping from galaxies is the likely source of the reionization of the
early intergalactic medium. Arguably, stellar astrophysics and cosmology are in a close,
complex relationship.

The advent of the new generation of 10m class telescopes with highly efficient multi-
object spectrographs and wide-field cameras working at visual and near infrared light
has led to a renaissance of stellar spectroscopy as a tool to study galaxies. The deter-
mination of the chemical composition of galaxies is crucial for constraining the theory
of galaxy formation and evolution in a broad cosmological context. However, most tech-
niques to determine the properties of galaxies, nearby and at high redshift, are subject
to large systematic uncertainties that are poorly understood. Multi-object spectroscopy
and crowded-field photometry of individual stars - the brightest stars in the universe
at visual and NIR wavelengths - provide attractive alternatives. The Focus Meeting re-
viewed results accumulated over most recent years for galaxies in the Local Group and
at high-redshift and discussed the potential of future work.

Stars with different initial masses and during different evolutionary stages (AGB stars,
red supergiants, Wolf-Rayet stars, Luminous Blue Variables, and Supernovae) are the pri-
mary actors of the life cycle of matter, by enriching the interstellar medium with large
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amounts of newly synthesized metals and dust grains through winds and explosions.
While the key role of stars in driving galaxy evolution is universally acknowledged, severe
uncertainties still affect the quantitative interpretation of the data which exceptionally
high-quality surveys have been providing us in the recent years (e.g., HST, GALEX,
2MASS, Spitzer, Herschel). In this context, it has become dramatically clear that a reli-
able interpretation of galaxy properties, ranging from the local to the high-z universe (e.g.
color-magnitude diagrams, star formation histories, masses, ages, chemical abundances,
spectral energy distributions), can only be achieved through an accurate description, or
at least a physically sound calibration, of the processes occurring in the deep interiors
of stars (nucleosynthesis, mixing, convective core overshooting), as well as in their out-
ermost layers (rotation, opacities, atmospheres, pulsation, winds, molecular chemistry,
dust condensation and growth).

The last nuclear burning phase for stars less than about 8 M� is the AGB. It is dur-
ing the AGB that stars experience recurrent mixing events that can significantly change
the surface composition of the envelope, with observed enhancements in carbon, nitro-
gen, fluorine, and heavy elements synthesized by the slow neutron capture process (the
s-process). These stars release their nucleosynthesis products slowly through stellar out-
flows or winds, in contrast to massive stars that explode as core collapse supernovae. Of
key importance for understanding the contribution of AGB stars to the chemical evo-
lution of galaxies and stellar systems is the impact of stellar modeling uncertainties on
the predicted yields and also lifetimes and effective temperatures. These uncertainties in-
clude the treatment of convection in stellar interiors, mass loss, opacities, thermonuclear
reaction rates, the cause of non-convective mixing in red giant envelopes, and impact of
rotation, magnetic fields and a binary companion on the evolution of AGB stars. Observa-
tions of AGB stars and their progeny, as well as chemical abundances from populations
of stars in our local group of galaxies, can help constrain uncertainties such as mass
loss. The results of multidimensional hydrodynamic simulations provide key insights into
convection and magnetic fields in deep stellar interiors. The latest measurements from
nuclear physics laboratories are putting limits on uncertain nuclear reaction rates. Col-
laboration between interdisciplinary areas is therefore vital to further our understanding
of the evolution and nucleosynthesis of stars.

At the high end of the mass spectrum, the most massive, luminous stars have the
radiation pressure to drive strong stellar winds throughout their lifetimes so they lose
a significant fraction of their initial mass. The leads to these stars losing all hydrogen
to become naked helium stars: Wolf-Rayet stars. While few in number they are impor-
tant due to their strong stellar winds and high luminosity. They exist across all ages in
the Universe, with their spectral feature having been observed in high-redshift galaxies.
However, models tend to underpredict the surface temperatures and radii. Then it is
difficult to reproduce the range of luminosities from single-star models alone. It is likely
that accounting for rotation and binary evolution are vital to fully understand Wolf-
Rayet stars. It appears that half to two-thirds of massive stars will have their evolution
altered by binary evolution and furthermore the most rapidly rotating stars might be
the outcome of mass transfer in binaries. The extreme diversity of evolutionary paths
forms two broad pathways: mass loss from the primary star, so a star becomes a helium
star where is would not have done as a single star, and mass gain either by transfer of
material to the secondary or by the two stars merging. The end result is the production
of more hot, luminous stars in a population than expected for single-stars populations.
The physical effects of rotation and binaries have important consequences for all stellar
phenomena considered in this Focus Meeting. The important questions we must ask are
how have single-star models done so well for so long? Then by studying the results of
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current population synthesis codes that do and do not include the complexities of bi-
nary evolution consider the best and simplest method to account for binary evolutionary
effects in stellar populations.

The recent era of extragalactic spectroscopic and photometric surveys and fast devel-
opment of stellar population models has opened an avenue to extract the star formation
history of galaxies from their integrated spectra. A new generation of sensitive single-
and multi-object spectrographs (such as XShooter and KMOS at the VLT, MOSFIRE
at Keck, FMOS at Subaru, and – in the future – NIRSpec on JWST) are expected to
provide increasing numbers of galaxies with sufficient continuum S/N to study stellar
spectral absorption features. Diffraction limited observations with 30 – 40-m class tele-
scopes would resolve bright stellar clusters in z ≈ 1 galaxies and carry out resolved studies
on 60 – 100 pc scales at those redshifts. The integrated signal reflects the combined effect
of all stellar evolution phases, stellar emergent fluxes and IMF. Although current models
of stellar evolution are accurate for the evolutionary phases that numerically dominate
the HR diagram, there are many rare phases which are still poorly understood. Ironically,
it is those phases that tend to leave the most conspicuous signatures in the spectra and
spectral energy distributions of galaxies. Those phases interfere with our ability to ex-
tract ages – and thus star formation history – from integrated spectra, such as AGB and
Wolf-Rayet stars, blue stragglers, AGB-manqué and blue horizontal branch stars. How
to disentangle the effects of the rare phases from the pure age signal? How to reliably
measure ages with precision in the near-IR? These questions at the forefront of modern
astrophysics and cosmology were addressed during this Focus Meeting.
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