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Fig. 2. Photometric SED of the sdB binary system BD+34 1543 ob-
tained from photometry literature by speepyrFiT. The solid line in black
represents the best-fitting model to the photometry observations. The
dashed line in green (MS) and the one in blue (sdB) indicate the best
models decomposition for the companion stars of the system. Below is
a diagram of residuals (0-C) between photometry and the best compos-
ite model.
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Fig. 3. Lefi- Best fit by emcmass of MIST track (in blue line) to the observabl the sdB binary system BD+34 1543 (in red, logT s and logR,
including error intervals). Right: Parameters estimated by emcmass: MS mass, EEP and metallicity.

Molina et al. in prep. (2024)

Rys & Topp &

Molina et al. in prep. (2024)

Parallax & q & T4

Mass

Radius
cool star

cool star




Hot subdwarfs sample Constraints

Orbital parameters
(Radial velocity curves)

Atmospheric parameters
(GSSP code, LTE models)

Normalized flux

6100 6150
Wavelength (4)

—— Observed
++ Synthetic

Mass

ratio

Paral lax

*.0d
o &
&
| |

AVELS/z.
NS

Astronomical
I Institute
of the Czech Academy

of Sciences

Gaia EDR3



STELLAR ATMOSPHERE MODELS

Kurucz atmospheric models (LTE) MS

Tibingen TMAP models (NLTE)

Parallax (Gaia EDR3)
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Atmospheric parameters (GSSP, Xtgrid)
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Not constrained by SED fit
Search interval kept fixed or MS range (4.0-5.0 dex)
Error propagated to SED fit

Assumed identical for overall system
Dust maps not useful for constraining:
Local not taken into account, RLOF mass loss / CB dust?
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Fig. 3. Lefi: Best fit by emcmass of MIST track (in blue line) to the obse s of the sdB binary system BD+34 1543 (in red, logT and logR,
including error intervals). Right: Parameters estimated by emcmass: MS mass, EEP and metallicity.
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THE ASTROPHYSICAL JOURNAL, 835:172 (31pp), 2017 February 1

7. The American Astronomical . All rights reserved.

Standing on the Shoulders of Dwarfs: the Kepler Asteroseismic LEGACY Sample"
I. Oscillation Mode Parameters
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Standing on the Shoulders of Dwarfs: the Kepler Asteroseismic LEGACY Sample.
II. Radii, Masses, and Ages
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We use asteroseismic data from the Kepler satellite to determine fundamental stellar properties of the 66 main Reference Aovendix £ VEALS ISATS LG14 s TALS VEALS

sequence targets observed for at least one full year by the mission. We distributed tens of individual oscillation
frequencies extracted from the time series of each star among seven modeling teams who applied different methods
to determine radii, masses, and ages for all stars in the k‘ample Comparisons among the different results reveal a
good level of agreement in all stellar properties, which is remarkable u}n«ldcnn\r the variety of codes, 1npu[
physi d analysis methods cmpll}\«cd by the different teams. Average uncertainties are of the order of ~
radius, ~4% in mass, and (0% in age, making this the best-characteri sample of main-sequence stars
available to date. Our predicted initial abundances and mixing-length parameters are checked against inferences
from chemical enrichment 1 Y/ AZ and predictions from 3D a[mosphctu simulations. We test the accuracy of
the determined stellar properties by comparing them to the Sun, angular diameter measurements, Gaia parallaxes, ..
and binary evolution, finding excellent agreement in all cases and further confirming the robusmess of ° Radii: up to 2%
astcrpscismically dctcmlincq physical parameters of stars when ind \-‘idua} frcqu?ncics of _(}k'cillation are ava !abllc. o Masses: up to 4%
Baptised as the Kepler dwarfs LEGACY sample, these stars are the solar-like oscillators with the best asteroseismic

properties available for at least another decade. All data used in this analysis and the resulting stellar parameters are

made publicly available for the community.

66 MS known radii and masses from asteroseismic data

Uncertainties:




Verification Constraints
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MName
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1168

MNumber of  Category
Modes

44 Simple

simple

SPECTROSCOPIC (LEGACY)

Ammospheric and Stellar Parameters

Parameter:
with  data

Braketing Missing
Juarters Cuarters

PHOTOMETRIC (SAGA Proj.)

mark for Galactic studies. Similar to our latest revision of the
GCS (Casagrande et al. 2011), we combine Stromgren metallici-
ties with broadband photometry to obtain effective temperatures

(T.rr) and metallicities ([Fe/H]) for all our targets via the infrared
flux method IfIRFM_)|. This facilitates the task of placing SAGA

Casagrande L., Silva Aguirre V., Stello D., et al. ApJ, 787, 110 (2014)
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Verification Radii

Molina et al. in prep. (2024)
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Fig. 4. The estimated radii using the methods based on asteroseismol-
ogy or photometry data (sPEEDYFIT ). The most discrepant result exhibit-
ing a difference greater than (.2 Ry is denoted in red. Error intervals
are not significant and not included.
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Verification Radii

Molina et al. in prep. (2024)
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Fig. 5. The fractional differences of derived radii versus metallicity, us-
ing methods based on asteroseismology or photometry data (SPEEDYFIT),
the first as a reference. Spectral types of information by SIMBAD, in col-
ors, are declared in the legend. For clarity, error bars are not included.
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Verification Masses

Molina et al. in prep. (2024)
Bellinger et al. A&A 622, A130(2019)

Molina et al. in prep. (2024)
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Fig. 11. The fractional differences of derived masses by the method
(Emcmass), taking as main reference the results from the LEGACY paper
or the derived using an asteroseismic modelling method by Bellinger
et al. (SPL, 2019) upon the LEGACY sample. For clarity, error bars are
not included.

Fig. 6. The estimated masses using the methods based on asteroseis-
mology or photometry data (Emcmass). In red, the mass of the system
KIC10454113 with the most discrepant radius in the previous step.
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Verification Masses

Molina et al. in prep. (2024)
Serenelli et al. ApJS 223,23 (2017)
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Fig. 10. The mass fractional differences of this study and the ones attained by Serenelli et al. (2017) in their APOKASC catalog with respect to the
common KerLer systems of the Lecacy sample. Two scales were used for the Ty inputs by the authors, based on photometry (griz SDSS filters)
or spectroscopic data (APOGEE-ASPCAP). Regarding the two values provided by emcmass (in blue and skyblue) concerning the metallicity issue
of KICT7106245, see text (Sect. 3.3). For clarity, error bars are not included.
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Verification Masses

Molina et al. in prep. (2024)
Fernandes et al. A&A 647, A90 (2021)
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selected eclipsing MS binary stars (Fernandes et al. 2021). Included
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Hot subdwarfs The sample

Wide hot sdB sample

BD 07 5977 (SG)
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Fig. 13. Lefi: The color-magnitude diagram presented by Pelisoli et al. (2020) regarding their composite hot subdwarfs sample, as dimmed red
diamonds, whose light-curves and rotation periods were studied by the authors. We have included the wide hot sdB binary sample with orbital
parameter fully solved as blue-filled circles. Stars cataloged by Geier (2020) as hot subdwarfs are represented as dark gray open circles. Main
sequence and other evolutionary stage stars within the region from Lindegren et al. (sample C, 2018), are depicted as pale gray dots.

Right: An Aitoff projection displaying the Galactic coordinates of the wide hot sdB sample. The Galactic longitude increases from the center
towards the left, incremented by 30° per tick.

Molina et al. in prep. (2024)

AVELS/z.
NS

Astronomical
Tt Institute
of the Czech Academy

of Sciences

*.0d
o &
&
| |

no atm.RLOF
== atm.RLOF
I Observed

Normalized counts

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Period (d)

Fig. 14. The distribution-histogram of orbital periods of the wide hot
sdB sample. The figure is adapted from Vos et al. (2019) and has been
updated with the new solved systems since then. The same method has
been employed as outlined in their paper. The predicted period distribu-
tions of the BPS studies of Chen et al. (2013), with and without atmo-
spheric RLOF effect, are included.

Molina et al. in prep. (2024)

15



AVELS/z.
NS

5 Astronomical
. g Ll Institut
Hot subdwarfs The sample %, &= of the Caech Acaderny
ST of Sciences

® PE2148+095

i I " "l "|-
MCTO146-2651 _ Model Vos+2020
halo @ haot sdB sample

400 800 1200 1600 2000 2400
Period (days)

Molina et al. in prep. (2024)
Vos, Bobrick, Vuckovic; A&A 641, A163 (2020)

16



AVELS/z.
NS

. IAstronomical
o o . g L] titut
Hot subdwarfs Radii & Masses Z, &= ofthe Caech Acaderny
. an,l of Sciences

SPEEDYFIT code EMCMASS code

OQur constraints

Mi (M) = 1.015§ 52

=
=

WISE

2Mi

s.Flux (erg/sfcm?)

Abs

T
2
=

Wavelength (4)

Fig. 2. Photometric SED of the sdB binary system BD+34 1543 ob-

tained from photometry literature by sreepyFIT. The solid line in black

represents the best-fitting model to the photometry observations. The

dashed line in green (MS) and the one in blue (sdB) indicate the best

models decomposition for the companion stars of the system. Below is

i:llz%‘:;;? of residuals (0-C) between phatometry and the best compos- _Fig. 3._ Left: Bca_‘-l fit by EMCMASS of MIST Imck_t in blue line) to the observables of the sdB bi!m_ry system BD+34 1543 (in red, logT and logR,
including error intervals). Righi: Parameters estimated by Emcmass: MS ma: and metallicity.
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Hot subdwarfs Radii & Masses
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Hot subdwarfs sdB mass distributions

Molina et al. in prep. (2024)
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Hot subdwarfs sdB mass distributions

Molina et al. in prep. (2024)
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Figure 4. Maximum (black) and minimum (g sdB masses as a function
of initial mass for the mesa models with Z = 0.02 and core overshooting
during the MS. The gray area corresponds to the whole range of possible sdB
masses, while the dashed area highlights sdBs descending from progenitors
on the subgiant branch phase.
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Hot subdwarfs MS mass distribution

Leietal., ApJ, 942,109 (2023) Molina et al. in prep. (2024)
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Hot subdwarfs MS mass distribution

Molina et al. in prep. (2024)
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https://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt

Hot subdwarfs MS Rotational Periods
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Fig. 4. Comparison of rotational periods obtained from the available
light curves analysis (TESS) with significant vanability (S/N > 5 o)
versus the ones obtaimned from the combmation of different techmques
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Fig. 5. The plot illustrates the average rotational periods and their stan-
dard deviation relative to stellar mass derived from the 34,030 mam
sequence field stars in the McQuillan et al. (2014) dataset from Ke-
pLER. This dataset specifically mcludes stars with T.; below 6,500 K
and masses less than 1.3 Mg. A comparative analysis 1s made with the
MS’s Py, from the wide hot binary sample, included error bars. The
largest P, observed in the subgiant star, suggests an increase in its mo-

ment of mertia and a slowdown of the rotation due to the expansion of

the envelope (e.g. van Saders & Pinsonneault 2013). The average value
of the sample, excluding the SG system, 15 depicted as a dashed red line.
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