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Convection in stars

> 1.5 solar masses

0.5 - 1.5 solar masses

< 0.5 solar masses

{) convection zone Low-mass stars have convectively
€ Radiation zone unstable outer layers




Outer CZs affect overall structure
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Radiative solution that matches the
zero boundary conditions: (P=0, T=0)

adapted from Kippenhahn & Weigert (1990)



Mixing Length Theory (MLT)

e MLT contains free parameter

e Standard calibration of ¢ based
on the Sun (to, Mo, Ro)

e Solar-calibrated «:

- constant along evolutionary Y
track

- Independent of other stellar
parameters (e.g., mass,
evolutionary phase, metallicity)

very strong assumptions!



Radius inflation of low-mass stars
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* M < 0.7 Mo stars have radii larger than model predictions by ~ 3-5%

* Rotational/magnetic effects on convection are a natural explanation

adapted from Spada et al., ApJ (2017)
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3D RHD simulations of CZs
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Sad: adiabatic specific entropy (units: erg g1 K-1) in the deep convective layers
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Calibration of o using RHD simulations
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Tune «a to reproduce the value of saq obtained from RHD simulations



Extract saqg from 3D RHD simulations

One-dimensional fit:

r — X
S — s + fexp (22 )

as a function of the variable:

x=AlogT.x + B logg

The parameters of the fit
are metallicity-dependent
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Entropy-based calibration of «
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Implementation in a stellar code (YREC)

Construction of an entropy-calibrated evolutionary track:

At each evolutionary step:

- From the current stellar parameters, evaluate:

r — X
sifID:so%—ﬁexp( - )

- lteratively solve (e.g., bisection method):

3% % (amrr) = spq C — oS ([Fe/H], z)
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solar calibration

entropy-based cal.

Significant impact on radius,
properties of the CZ (e.g., depth,
bottom temperature, sad)

Luminosity
is unaffected
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Impact on light elements depletion

solar calibration

entropy-based cal.
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Final Remarks

Entropy-based «a yields an improved calibration for the radii of
low-mass stars (radius discrepancy problem)

More physically-motivated than solar-calibration: comparing
a across stellar evolution codes is meaningless

Naturally takes into account effect on convection of stellar
parameters (mass, surface composition, evolutionary phase)

Yields improved evolutionary history of the Sun (potential
impact on dynamics, habitability of solar system objects)



