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What is a star?

hot, dense plazma

equilibrium: pressure gradient gravity
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What is inside?

theoreticalmodellingof the stellar
structure



Theoretical modelling of the stellar structure

Guilera+ 11

mass conservation

momentum conservation

energy conservation

transport of energy

composition change due to nuclear burning:
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When the equilibrium* is compromized:

the Eddington limit

* between 
gravity & radiation pressure



 Other reasons for falling out of 
 equilibrium:
● iron core 

→ gravitational collapse & SN (due to bounce-back)
● pair-instability 

→ grav. collapse & subsequent thermonuclear 
explosion (PISN) or pulsations (puls-PISN)

● end of a burning phase 

→ restructuring, crossing the Herzsprung-gap...
● ...
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Consequences for the stellar interior

● density (and 
pressure) inversion in 
the envelope

● no efficient energy 
transport mechanism 
here (weak convection)

● → envelope “inflation”
● numerical difficulties...

density inversion:

ENVELOPECORE

credit: Götz Gräfener



 Is there a solution?

● several “tricks” in the literature
– various codes use various tricks & methods
– cf. Agrawal (PhD Thesis), Szécsi & Agrawal (‘21, in prep.)

● PARSEC (‘Padova’)
● MIST (MESA)
● ‘Geneva’
● BPASS
● BoOST (‘Bonn’)

artificially enhanced mass loss at the right moment

inflated envelope & post-processing 
with ‘normal’ mass loss

MLT++ formalism  (limiting the superadiabacity*)
=changing how convection** is treated *difference between 

the isothermal and
adiabatic temperature 
gradient

**a type of internal mixing

artificially limiting the temp. gradient
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up to 15% difference!

P. Agrawal (2021, PhD thesis)

Ionizing flux...
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Gravitational waves:
compact object mergers
(e.g. black holes)

up to 20 M☉ difference!

P. Agrawal (2021, PhD thesis)



 Take away messages

● Eddington limit is a thing :) 
● stellar evolution above 40 M☉ has 

not reached consensus
● use stellar models with extra caution, 

be flexible for updates

Thanks! →←


