
HAYASHI LIMIT

Let us consider a simple ”model atmosphere” of a star. The equation of hydrostatic equilibrium
and the definition of optical depth are
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and may be combined to write
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Assuming κ = const we may integrate this equation to obtain
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where the subscript τ = 2/3 indicates that we evaluate the particular quantity at the photosphere.

Let us consider a cool star with the negative hydrogen ion H− dominating opacity in the atmo-
sphere. When temperature is low we may neglect radiation pressure in the atmosphere. Adopting
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we may write the equation (s2.26) as
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which may be rearranged to have
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We know that a star with the H− opacity in the atmosphere becomes convective below optical
depth τ = 0.775, i.e. very close to the photosphere. Let us suppose that the convection extends all
the way to the stellar center, and let us ignore here all complications due to hydrogen and helium
ionization. Convective star is adiabatic, and if it is made of a perfect gas with the equation of state
(s2.27) then it is a polytrope with an index n = 1.5. Therefore, we expect a polytropic relation all
the way from the photosphere down to the center, and we have

ρ

T 1.5
=

ρc

T 1.5
c

, ρc = 5.99ρav = 5.99
3M

4πR3
, Tc = 0.539

µH

k

GM

R
. (s2.30)

Combining equations (s2.29) and (s2.30) we obtain
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Let us make an approximation that convection begins at the photosphere, i.e. at T = Teff , and let
us replace stellar radius with the combination of effective temperature and luminosity according to
L = 4πR2σT 4

eff :
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This result is in a surprisingly good agreement with the most sophisticated models of fully
convective stars. The nearly vertical line on the log Teff − log L diagram given with equation
(s2.32b) is known as the Hayashi limit. Stars located along this line are fully convective. The
hotter stars, i.e. stars to the left of the Hayashi limit have convective envelopes that do not extend
all the way to the center. To the right of the Hayashi limit no stars in a hydrostatic equilibrium can
exist.
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