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Abstract. I present a few results from the GALSEVN stellar population synthesis models that
include the evolution of massive binary stars that are of interest for the audience of this
symposium.
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1. Introduction

The JWST has revealed the existence of large number of galaxies at high redshift,
in excess of z=14. Many of these galaxies are expected to be young galaxies in the
reionization-era. In the rest-frame these galaxies are observed in the ultraviolet (UV)
with exquisite signal-to-noise-ratio. The interpretation of these data requires reliable
predictions of the UV properties of young and metal poor stellar populations. Single star
stellar population synthesis models (e.g., Bruzual & Charlot 2003) most likely under-
predict the UV-flux and number of ionizing photons for these populations, hampering
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Figure 1. Same as Figure 3 but for 4 Myr.
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Figure 2. Same as Figure 3 but for 10 Myr.

detailed studies of the emission-line properties of these galaxies. It is well established
by now that population synthesis models that include the presence of interacting (mass
exchanging) massive binary stars predict higher UV fluxes and larger number of ionizing
photons and massive stars that last for longer periods of time than single star models,
e.g., BPASS (Stanway & Eldridge 2018), MESA (MESA team) and GALSEVN (Lecroq
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Figure 3. 100 Myr isochrones in the HRD described by the primary (LHS panels) and secondary
stars (central panels) in the Z =0.001 GALSEVN model. The corresponding SED in the range
from 50 A to 1 pm is shown in the RHS panels. The binary pairs in the bottom panels are evolved
as single stars, suppressing mass transfer between them, which is apparent from the differences
in the isochrones in the top (B =1 model, see below) and bottom (B =0 model) panels. The blue
shaded area in the bottom RHS panel shows the difference in the UV range shortward of 912 A
between the GALSEVN SED including binary evolution (black line in the top RHS panel) and
the corresponding SED when stars are evolved as single (black line in the bottom RHS panel).
The contribution to the SED of stars of different groups is shown in the RHS panels. Not all
groups contribute at all ages, cf. Figures1, 2 and 6.

et al. 2024) models. Due to lack of space, only a few results from the GALSEVN models
of interest for the audience of this symposium are discussed in this paper.

2. GALSEVN models

We study the spectral evolution of stellar populations that include single and binary
stars by combining the GALAXEV (Bruzual & Charlot 2003; Plat et al. 2019, CB19
hereafter) and the SEVN (Spera et al. 2015; Spera & Mapelli 2017; Spera et al. 2019;
Mapelli et al. 2020; Torio et al. 2023) codes. The open-source code SEVN interpolates on
the fly the stellar properties of each companion in a binary pair from available evolu-
tionary tracks for single stars, PARSEC (Chen et al. 2015) in our case, making it faster
and more flexible than other binary stellar evolution codes like BPASS or MESA that
follow the detailed evolution of each star in the pair. The SEVN code provides the posi-
tion in the HR-diagram (HRD) at different ages of binary pairs with initial primary and
secondary star mass (mq, msy), where 2 <m; <300 Mg and mg = gm,. For ¢ we adopt
the probability density function PDF(q) oc ¢~! with ¢ € [0.1,1] as in Sana et al. (2012).
To each of these stars we assign the corresponding spectral energy distribution (SED)
using the GALAXEV compilation of stellar spectral libraries listed in (Sénchez et al.
2022, tables 8 to 12). Additionally, for main sequence stars hotter than T, ;¢ = 50,000 K
we use the WM-BASIC spectral models computed by Chen et al. (2015). The resulting
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Figure 4. Production rate of Hel and Hell ionizing photons per unit stellar mass vs. age
for Z=0.001 GALSEVN models for B €[0,1]. The panels on the LHS/RHS include/exclude
the emission by accretion discs around XRBs. The two bottom panels show the number of
stars of various types responsible for producing the ionizing photons in the 5 =1 model. The
dashed — blue line corresponds to the B=0 model. The excess of massive stars in the B=1
model and the role played by the XRB disks are clearly noticeable.

models are dubbed GALSEVN models (Lecroq et al. 2024). The GALSEVN models also
include the emission by hot accretion discs formed around X-ray binaries (XRBs) where
a compact object (neutron star or stellar-mass black hole) accretes material from a com-
panion. The GALSEVN models have been computed for 15 different values of the stellar
metallicity Z ranging from Z =10"1! to Z =0.04. Results are presented here only for
the Z =0.001 GALSEVN model, computed for one million binary pairs. For more details
on the GALSEVN models see Lecroq et al. (2024, 2025).

Figures 1,2 and 3 show the isochrones in the HRD described by the primary and
secondary stars in the Z =0.001 GALSEVN model at 4, 10, and 100 Myr, respectively,
together with the resulting SED in the range from 50 A to 1 um. For the bottom panels in
these figures, the stars in each pair are evolved as single stars, suppressing mass transfer
between them, which is apparent from the differences in the isochrones in the top and
bottom panels. The blue shaded area in the bottom RHS panels of these figures show the
difference in the UV range shortward of 912 A between the GALSEVN SED including
binary evolution (black line in the top RHS panel) and the corresponding SED when stars
are evolved as single (black line in the bottom RHS panel). The contribution to the SED
of different stellar groups is shown in the RHS panels of these Figures. Not all groups
contribute at all ages, cf. Figures1, 2 and 6. See captions to Figures3 and 6.

Combining the B=1 (100% binary) and the B =0 (100% single) star models in the top
and bottom panels of Figures1,2 and 3, respectively, we can model stellar populations
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Figure 5. Comparison of the production rate of H1, Hel and Hell ionizing photons vs. age
for the B=1 Z=0.001 GALSEVN model (Lecroq et al. 2024) and CB19 GALAXEV models
computed for the Chabrier IMF and 4 different top-heavy IMFs, as indicated in the legend in
LHS panel. The green shaded area indicates the range covered by the top-heavy IMF models.
The gray shaded area shows the excess of photons in the GALSEVN model with respect to the
Chabrier IMF GALAXEV model.

with an arbitrary binary fraction B.T Figure4 shows the production rate of Hel and
He11 ionizing photons vs. age for Z=0.001 GALSEVN models with B € [0,1] (Lecroq
et al. 2024). The panels on the LHS/RHS include/exclude the emission by accretion
discs around XRBs. The two bottom panels show the number of stars of various types in
the B =1 model responsible of producing the ionizing photons.

Figure 5 compares the production rate of H1, He1 and He1l ionizing photons vs. age
for the B=1 Z=0.001 GALSEVN model (Lecroq et al. 2024) with CB19 GALAXEV
models computed for the Chabrier IMF and 4 different top-heavy IMFs, as indicated
in the LHS panel. As expected, at early ages (below a few Myr) the top-heaviest IMF
model produces more ionizing photons than the other models. As binary interactions set
in, the production rate of ionizing photons by the GALSEVN model exceeds that of the
Chabrier and the top-heavy IMF models.

Figure 6 shows the contribution of different stellar groups to the total SED in the B=1
and B=0 GALSEVN models in the age range from 0.7 to 500 Myr. WR and stars hotter
than 50,000 K that have an important contribution in the 5=1 model are absent in
the B=0 model. Figure 7 shows that no WR stars are formed in the GALSEVN model
when binary pairs are evolved as single stars (B=0). Figure8 compares the number
distribution of massive stars (m > 100 M) vs. age for both models. By construction, no
stars with m > 300 M, are present in the B=0 model but there are plentiful of them,
formed in binary interactions, in the B=1 model at early ages.

1 Following Kouwenhoven et al. (2009) and Reipurth & Zinnecker (1993), B = s-;-ti where S
and B are the number of single and binary stars, respectively. The number of systems is then
8 =S5+ B and the total number of (individual) stars is N'=S + 2B.
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Figure 6. Contribution of different stellar groups to the total SED in the B=1 (odd column
panels) and the B=0 (even column panels) GALSEVN models in the age range from 0.7 to 500
Myr (from top to bottom). WR stars (in blue) and stars hotter than 50,000 K (in magenta) that
have an important contribution in the B=1 model are absent in the B=0 model. As shown
in Figure7, no WR stars are formed when binary pairs are evolved as single stars (B=0).
Massive stars (m > 300 Mg), formed in binary interactions in the B=1 model at early ages, are
responsible of the magenta SED denoted very hot stars. Age is indicated at the top of each

panel
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Figure 7. Number distribution of WR stars vs. age for the B=1 (blue histograms) and B=0
(red histograms) GALSEVN models. No WR stars appear when the binary pairs are evolved as
single stars (B =0) according to the tracks used in the GALSEVN models for Z =0.001. Age is
indicated at the top of each panel.
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Figure 8. Number distribution of massive stars (m >100Mg) vs. age for the B=1 (blue
histograms) and B=0 (red histograms) GALSEVN models. By construction, no stars with
m >300 My (upper mass limit of the IMF) exist in the B=0 model, but many of them are
formed by binary interactions in the B=1 model at early ages. Age is indicated at the top of
each panel.
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3. Summary

Including the evolution of interacting massive binary star pairs in population synthesis
models introduces important differences in the SEDs of young stellar populations, espe-
cially in the UV range below 912 A. It is important that this kind of models are used
when interpreting data of young galaxies, possibly seen in the reionization-era. Some
applications of the GALSEVN models are discussed in Lecroq et al. (2024, 2025).
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