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Wide hot subdwarfs binaries

Vos, Bobrick, Vuck̆ović; A&A 641, A163 (2020)
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SPEEDYFIT code              EMCMASS code              

Hot subdwarfs sample Radii & Masses

Radius
cool star

Mass
cool star

Parallax & q & Teff RMS & Teff & [Fe/H]

Molina et al. in prep. (2024) Molina et al. in prep. (2024)
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Hot subdwarfs sample Constraints

Orbital parameters 
(Radial velocity curves)

Atmospheric parameters
(GSSP code, LTE models) Teff & [Fe/H]

Gaia EDR3

Parallax

Mass ratio
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Speedyfit Models & Parameters

• Kurucz atmospheric models (LTE) MS
• Tübingen TMAP models (NLTE) sdB

• Parallax (Gaia EDR3) Distance, models global scaling to observations

• Teff Atmospheric parameters (GSSP, Xtgrid)

• Mass ratio (q) Orbitals parameters

• Teff MS/sdB

• Log g MS/sdB Not constrained by SED fit
Search interval kept fixed or MS range (4.0-5.0 dex)
Error propagated to SED fit

• E(B-V) Assumed identical for overall system
Dust maps not useful for constraining: 
Local not taken into account, RLOF mass loss / CB dust?

• Radius MS

STELLAR ATMOSPHERE MODELS

CONSTRAINTS

PARAMETERS FITTING (MCMC algorithm)
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1000 nm 2 μm 3 μm 4 μm 5 μm400 nm

Gaia EDR2
GBP 505 nm
G 625 nm
GRP 774 nm

Gaia EDR3
GBP 511 nm
G    622 nm
GRP 777 nm

2MASS (NIR)
J    1.23 μm
H    1.66 μm
Ks 2.16 μm

WISE (LWIR-FIR)
W1 3.35 μm 
W2 4.60 μm
W3 11.56 μm
W4 22.09 μm

APASS
B    428 nm
V    542 nm
g 467 nm
r    616 nm
i 747 nm

Strömgen
u    344 nm
v    411 nm
b    467 nm
y 548 nm

Speedyfit Photometry

< DL in sdB

when available
n.a.

Johnson 

SDSS
Radius

cool star

Molina et al. in prep. (2024)
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EMCMASS Models & Parameters

• MESA Isochrones & Stellar Tracks (MIST)

• MS Radius Speedyfit outcome

• MS Teff Atmospheric parameters (GSSP, XTgrid)

• MS [Fe/H] Atmospheric parameters (GSSP, XTgrid)

• [Fe/H]

• Equivalent evolutionary phase (EEP)

• MS Mass

MS accretion impact during mass exchange?

• 10-3 to 10-2 Mʘ accreted
• Fast homogenization by convective regimen

STELLAR EVOLUTION MODELS

OBSERVABLES (MCMC/EMCEE algorithm)

OUTCOME PARAMETERS

Mass
cool star

Molina et al. in prep. (2024)
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Verification LEGACY sample

66 MS known radii and masses from asteroseismic data

Uncertainties:
• Radii: up to 2%
• Masses: up to 4%

Seven pipelines/methods for obtaining stellar radius/mass/age
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Casagrande L., Silva Aguirre V., Stello D., et al.  ApJ, 787, 110 (2014)

Verification Constraints

12 systems, contraints from several
bibliographic sources (spec/photo)

Buchhave, L. A. & Latham, D. W. ApJ, 808, 187 (2015)

SPECTROSCOPIC (LEGACY)

PHOTOMETRIC (SAGA Proj.)

54 systems, spectroscopic TRES
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Verification Radii

All 0.01 ± 0.05 R⊙
KIC10454113 excl. 0.00 ± 0.04 R⊙

Molina et al. in prep. (2024)
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Verification Radii

No trend with respect to [Fe/H]

All 0.01 ± 0.05 R⊙
KIC10454113 excl. 0.00 ± 0.04 R⊙

Molina et al. in prep. (2024)
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LEGACY sample differences -0.04 ± 0.06 M⊙

Verification Masses

KIC7106245

KIC9965715

KIC7106245

SPI differences 0.00 ± 0.04 δM/M 

Molina et al. in prep. (2024)

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

KIC7106245

KIC7106245

LEGACY 1.01 M⊙
[Fe/H] -0.99 Photom.study 0.79 M⊙
[Fe/H] -0.19 1.03 M⊙

Molina et al. in prep. (2024)
Serenelli et al. ApJS 223, 23 (2017)
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Verification Masses

Eclipsing binaries sample differences -0.02 ± 0.05 M⊙

DEBCat catalog

Molina et al. in prep. (2024)
Fernandes et al. A&A 647, A90 (2021)
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Hot subdwarfs The sample

Wide hot sdB sample

Molina et al. in prep. (2024) Molina et al. in prep. (2024)
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Hot subdwarfs The sample

Vos, Bobrick, Vuck̆ović; A&A 641, A163 (2020)

Molina et al. in prep. (2024)
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SPEEDYFIT code              EMCMASS code              

Hot subdwarfs Radii & Masses

Our constraints

Radius
cool star

Parallax & q & Teff

Mass
cool star

RMS & Teff & [Fe/H]
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Hot subdwarfs Radii & Masses

Molina et al. in prep. (2024)
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MCT0146-2651

Hot subdwarfs sdB mass distributions

Fontaine et al.; A&A 539, A12 (2012)

Schaffenroth et al.; A&A 666, A182 (2022) Lei et al.,  ApJ, 953,122 (2023)

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

Vos, Bobrick, Vuck̆ović; A&A 641, A163 (2020)

Eduardo Arencibia-Rojas et al.; MNRAS 572, 11184 (2024)

Han et al.; MNRAS 341,669 (2003)

The mass range of hot subdwarf B 
stars from MESA simulations

Molina et al. in prep. (2024)
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Hot subdwarfs MS mass distribution

MCT0146-2651

Vos, Bobrick, Vuck̆ović; A&A 641, A163 (2020)

Molina et al. in prep. (2024)
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Lei et al.,  ApJ, 942,109 (2023)

LAMOST DR8
131 composite spectra

Hot subdwarfs MS mass distribution

60% F-type spectral class

Molina et al. in prep. (2024)
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Ideal MS
"A Modern Mean Dwarf Stellar Color and Effective Temperature Sequence" 
https://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt

Eric Mamajek --Version 2022.04.16

Hot subdwarfs MS mass distribution

Lei et al.,  ApJ, 942:109 (2023)

Molina et al. in prep. (2024)

https://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt
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Hot subdwarfs MS Rotational Periods

• Radii Photometry study (Speedyfit)
• V.sini Atmospheric parameters study by GSSP
• Minimum MS mass Orbital parameters radial velocity curves
• MS mass Evolutionary study (Emcmass)
• [Fe/H] & Teff Atmospheric parameters study by GSSP

𝑃𝑟𝑜𝑡 =
2𝜋 ∙ 𝑅

𝑉𝑟𝑜𝑡

https://mast.stsci.edu/portal/Mashup/Clients/Mast/Portal.htm

S/N > 5σ

120s-cadence
1/Prot

TESS/light curves (empirical)

Method (calculated)

Molina et al. in prep. (2024)
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Hot subdwarfs MS Rotational Periods

MCT0146-2651

GSSP avg Prot
logP = 0.34 ±0.31 (log-normal)

Pelisoli, Vos, Geier, Schaffenroth & Baran, A&A, 642, A180 (2020)

logP = 0.35 ±0.27 (log-normal)

Pelisoli’s TESS avg Prot

Molina et al. in prep. (2024)



26

Hot subdwarfs MS Rotational Periods

To be continued…

Molina et al. in prep. (2024) Molina et al. in prep. (2024)


