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Binary stars: laboratories for stellar physics

• Review of binary stars

– astrometric binaries

– spectroscopic binaries

– eclipsing binaries

– the DEBCat catalogue

– impact of Gaia

• Pulsations in eclipsing binaries

– history

– new results from TESS

– the SWIPE project

– Worked example: KIC 9851944

• The future: PLATO



Astrometric binaries

Albireo (Richard Yandrik)

• William Herschel (1802) christened
the term “binary star”

• Félix Savary (in 1827) established
the equations of an astrometric orbit

• What we get from an astrometric binary:

– period P

– eccentricity e

– inclination i

– semimajor axis a (in arcsec)

• If we know the distance:

– semimajor axis a (in au)

– sum of masses M1 +M2



Spectroscopic binaries

V1022 Cas (data from Lester et al., 2019)

• Vogel (1890) observed the motion of
spectral lines in β Persei

• Rambaut (1891) measured the first
spectroscopic orbit, of β Aurigae

• What we get from a spectroscopic binary:

– period P, eccentricity e

– lower limit on semimajor axis: a sin i

– lower limits on the masses:
M1 sin

3
i and M2 sin

3
i



Eclipsing binaries

Light curve of β Aurigae (Stebbins 1911)

• John Goodricke (1783) suggested that
β Persei underwent eclipses

• Stebbins (1911): measured mass and
radius of β Aurigae

• What we get from an EB:

– period P, eccentricity e

– fractional radii: r1,2 =
R1,2

a

– orbital inclination i



Eclipsing binaries

Light curve of β Aurigae (Stebbins 1911)

Light curve of β Aurigae (Southworth et al., 2007)

• John Goodricke (1783) suggested that
β Persei underwent eclipses

• Stebbins (1911): measured mass and
radius of β Aurigae

• What we get from an EB:

– period P, eccentricity e

– fractional radii: r1,2 =
R1,2

a

– orbital inclination i

• Eclipses + spectroscopic orbit:

– masses M1 and M2

– radii R1 and R2

• Get Teff and metallicity from
spectroscopy



DEBCat: catalogue of well-studied eclipsing binaries

http://www.astro.keele.ac.uk/jkt/debcat/





Gaia and binary stars

ESA / C. Carreau

• Gaia epoch photometry useful for cataloguing
binary stars

– Mowlavi et al. (2022) found 2.2 million

– sparse photometry bad for longer periods
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Gaia and binary stars

ESA / C. Carreau

• Gaia epoch photometry useful for cataloguing
binary stars

– Mowlavi et al. (2022) found 2.2 million

– sparse photometry bad for longer periods

• Gaia parallaxes useful for temperature
measurement

– Gaia parallax + known radii ⇒ Teff

• Gaia RVS spectra useful for orbit determination

– SB1 and SB2 orbits catalogued
(tbosb1 and tbosb2)

– reliability not yet demonstrated



Pulsations in eclipsing binaries

Light curve of ABCas
(Tempesti, 1971)



Pulsations in eclipsing binaries

Light curve of ABCas
(Tempesti, 1971)

Kepler light curve of
KIC 10661783

(Southworth et al., 2011)



New results from TESS

TESS light curve of GLCar (Pavlovski et al., 2023)

• Well-known eclipsing binaries

– GLCar (P = 2.42 d)



New results from TESS

TESS light curve of V453 Cyg (Southworth et al., 2020)

• Well-known eclipsing binaries
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• β Cephei stars in EBs

– V453 Cyg (P = 3.89 d)



New results from TESS

TESS light curve of ARCas (in preparation)

• Well-known eclipsing binaries

– GLCar (P = 2.42 d)

• β Cephei stars in EBs

– V453 Cyg (P = 3.89 d)
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New results from TESS

TESS light curve of V2077 Cyg (Southworth & Van Reeth, 2022)

• Well-known eclipsing binaries

– GLCar (P = 2.42 d)

• β Cephei stars in EBs

– V453 Cyg (P = 3.89 d)

• Slowly-pulsating B-stars in EBs

– ARCas (P = 6.07 d)

• γ Doradus stars in EBs

– V2077 Cyg (P = 5.94 d)



New results from TESS

TESS light curve of HD 23642 (Southworth et al., 2023)

• Well-known eclipsing binaries

– GLCar (P = 2.42 d)

• β Cephei stars in EBs

– V453 Cyg (P = 3.89 d)

• Slowly-pulsating B-stars in EBs

– ARCas (P = 6.07 d)

• γ Doradus stars in EBs

– V2077 Cyg (P = 5.94 d)

• δ Scuti stars in EBs

– HD 23642 (P = 2.46 d)



New results from TESS

TESS light curve of HD 31221 (Kálmán et al., 2023)

• Well-known eclipsing binaries

– GLCar (P = 2.42 d)

• β Cephei stars in EBs

– V453 Cyg (P = 3.89 d)

• Slowly-pulsating B-stars in EBs

– ARCas (P = 6.07 d)

• γ Doradus stars in EBs

– V2077 Cyg (P = 5.94 d)

• δ Scuti stars in EBs

– HD 23642 (P = 2.46 d)

• Substellar objects in EBs

– HD 31221 (P = 4.67 d)



SWIPE: Stars With Pulsations and Eclipses

• Project to study eclipsing binaries also showing pulsations

• 9 collaborators (Keele, Leeuven, Zagreb, Queensland)

• 11 publications so far + 4 in progress

https://www.astro.keele.ac.uk/jkt/swipe/



KIC 9851944: a case study

Jennings et al.

(almost submitted)

• Identified as an EB with γ Dor period spacings by Li et al. (2020)

• Already known as a nice EB from Kepler (Guo et al., 2016)

– 4 years long cadence, 5 quarter short cadence

• 32 échelle spectra from Lick 3m



KIC 9851944: spectroscopic orbit

• Cross-correlation with todcor

• Masses 1.747± 0.010 and 1.867± 0.010 M⊙



KIC 9851944: spectral disentangling

• Get spectra and orbits of the two stars
from the set of composite spectra
(Simon & Sturm 1994)

• Fit Balmer lines to synthetic spectra

• Temperatures: 6964± 43 and 6840± 37 K



KIC 9851944: eclipse analysis

• Preliminary fit with jktebop

• Phase-bin into 400 points

• Final fit with Wilson-Devinney code

• Radii: 2.532± 0.026 and
2.981± 0.044 R⊙



KIC 9851944: pulsation analysis



KIC 9851944: pulsation analysis

• 133 significant frequencies

• p-modes (δ Sct) and g-modes (γ Dor)

• Pulsations from both stars

• Tidal perturbation and excitation

• g-mode pulsations:

– buoyancy radius: Π0 = 4370+690
−660 s

– near-core rotation period 0.49+0.05
−0.06 d



KIC 9851944: evolutionary status



PLATO – PLAnetary Transits and Oscillations

Image credits:
M. Nguyen (Wikipedia)
ESA/ATG Medialab
ESA/L. Calčada

• 26-camera planet search mission

• ESA launch late 2026 (dhyb)

• EBs are part of Complementary Science

– WP 161 000 Binary and multiple star
systems (PI Southworth)

– WP 125 500 PLATO Benchmark Stars
(PIs Creevey & Maxted)

• “Binary Stars with Space Telescopes”

– Conference at Keele University

– June/July 2025


