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Core masses & ages

He-Core mass at TAMS 
determines the rest of a star’s 
evolution

Ages are important for exoplanets 
/ galaxies / clusters / etc.

1.2+ M
☉

Convective cores



Core masses & ages

Rotation
Pulsations
Magnetism
Tides
Convective boundary mixing
Atomic diffusion
etc.

Johnston et al. in prep. 
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Isochrone-clouds

Johnston et al. 2019bJohnston et al. 2019a

Model degeneracies!!!

We don’t know what mixing 
mechanism is at work. 

Don’t try to fit efficiency of 
mechanism.

Calibrate core mass



Isochrone-clouds

Johnston et al. 2019bJohnston et al. 2019a

Pols+1997 / Stancliffe+2015 / Higel & Weiss 
2017 / Claret & Torres 2016,2017,2018,2019 / 
Constantino & Baraffe 2018



Calibrating
Core-masses

10 systems / 20 stars
4.5-20 M

☉

𝜒2
1: M,Teff,logg

𝜒2
2: Teff,logg

 

Tkachenko et al. in prep.



Van Reeth et al. 2015a

Add asteroseismic info...

g-modes:
1. Sensitive to 

core-mass
2. Near-core mixing
3. Core hydrogen 

content



Johnston et al. 2019a

KIC 4930889 SB2 KIC 6352430 SB2

Age 
[Myr]

85 103 140 205

fov 0.02 0.025 0.005 0.04

Mcc [M
☉

] 0.58 0.54 0.51 0.56

Combined information 
changes solution!

Add asteroseismic info...



Johnston et al. 2019a

KIC 4930889 SB2 KIC 6352430 SB2

Age 
[Myr]

85 103 140 205

fov 0.02 0.025 0.005 0.04

Mcc [M
☉

] 0.58 0.54 0.51 0.56

Combined information 
changes solution!

Add asteroseismic info...

We need to cross-calibrate 

core-masses!!



Extend asteroseismic sample



Johnston et al. in prep

Can explain eMSTO 
of YMCs 
for free!

We find ages ~20% 
different to those 

when fit with a 
single isochrone



Take home messages

1. MUST account for range of internal mixing efficiencies
2. We should calibrate core-mass across spectral type, 

evol. stage, etc
3. TESS will deliver MANY more pulsating EBs
4. YMCs with TESS

Perfect time to start reporting core masses



Extra slides



Calibrating
Core-masses

10 systems / 20 stars
4.5-20 M

☉

𝜒2
1: M,Teff,logg

𝜒2
2: Teff,logg

 

Tkachenko et al. in prep.



Core masses & ages

Johnston et al. in prep. 



The curious case of U Gru

UVES
DDT

Bowman et al.  under review; Johnston et al. in prep.



The curious case of U Gru

Bowman et al.  under review

Vertical red lines 
denote orbital 

harmonics

Circular eclipsing pulsating Algol system (oEA)
A-type primary + cooler companion



Binary Asteroseismology



Absolute Dimensions



CW Cep & U Oph



CW Cep



& U Oph


