The Eddington limit in stars

Norbert Langer



Stars evolve on nuclear time scale

yet: we can watch them change

spectral
variability

pulsations
eruptions

= stars have problems to' shlne
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The stellar Eddington limit

acceleration through
photon momentum
balances gravity
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A. Eddington (1882-1944)

L > Lggqg = 7
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Mass-luminosity relation

L ~ Mozlu5

holds for main sequence stars (core
H-burning)

IS observationally well tested
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Mass-luminosity relation
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E.L.: only electron scattering
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M — Lgqdington relation
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Opacity of stellar matter

deep interior:
T 1 complete ionisation  Keg

near the surface:
T | (partial) recombination « 1



complete opacity

complete opacity: e -scattering + ff + bf + bb + . ..

Rosseland Mean Opacities
from the Opacity Project
=0.70, Y=0.28, Z=0.02

free-free
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hot stars: kp. ™~ 2k,
cool stars: ki ~ 1000k,
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M — Lgqdington relation
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M — Lgqdington relation
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M — Lgqdington relation
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M — Lgqdington relation
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The Eddington factor

onIy electron scattering:
Les = L/LEdd — 1 1GK68%
full opaC|ty

. L
' = 47TCG M

In the Interior:

F(T) 47T10G/iLﬁd

['(r) < 1isis a sufficient but not
a necessary stability criterion

[nax = max (I'(r))
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Start Minilab 1
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Massive (hot) stars: sHR diagram
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Surface Eddington factor
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Sub-surface Eddington factor
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Inflation: 1D

86.41M, egb. model, log Tg=4.24 K, log (L/L.)=6.27
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complete opacity

complete opacity: e -scattering + ff + bf + bb + . ..

Rosseland Mean Opacities
from the Opacity Project
=0.70, Y=0.28, Z=0.02

free-free
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Analytics

dP _ dPgas L AP

dr — dr UV dr T —PY
dPaq __ adT? __ a3kp 1 _ pGM KL;.q
dr 3 dr — 3 ac 4rr2rad — T2 4gcGM
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Analytics Il

1 dPgas -1
pg dP g
8=
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Analytics Il

H,:= 72 and
i, = (0 =1+ 5V)
= (V1) 1)

' 1= H, = ¢
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Eddington-limit d Inflation
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Eddington-limit d Inflation
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The Galactic sHRD

Objects density (log)
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CMD of Westerlund 1
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Start Minilab 2



The Eddington limit and convection

Schwarzschild criterion: V..q > V.q
['(r)

Viad = 11-5)
__ _ 868
Vag = 32—245—352

Viad > Vad & F(T) > (1 i 5) 32322;524—’?362

['(r) - 1 = convection
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Eddington factors

surface:

py =K

L < LEdd

deep interior:
' —1 adiabatic convection
Lrad =L — Lconv < LEdd

subsurface: convection inefficient but x 1
neither convection nor radiation can
transport energy




Turbulent pressure

subsurface density | — Tiherm < Tdyn

Feony = CPIOUCOHVAT
inefficient convection — AT — 0

Uconv TT Usound

2
. 1 2 _ 1 Uconv
Pturb — §,0?Jconv — 3 ( ) Pgas
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Turbulent pressure: 60M., model
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Turbulent pressure and macroturbulence
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Turbulent pressure vs. macroturbulenc
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Massive stars at the Eddington limit

kre-peak In subsurface layers:
Inflation
turbulent pressure fluctuations
high order non-radial pulsations
macroturbulence
line profile variability



Inflation: 3D
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Turbulent pressure in cool stars
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Low order pulsations

pulsation
iInstabllity strip on
the blue side of
Pturb'Strip

flux blocking layer
IS closer to the
surface

k-mechanism
unstable infla-
tion



S Dor Variables & LBVs

Inflated envelopes: stable?

pulsations (hard to
observe)
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cool SGs: —

kT Leony + — LBV giant
eruption?
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Start Maxilab



Summary

consider only electron scattering: the Eddington limit is
not reached by stars

In any case: stars don’t reach the Eddington limit at
their surface

stars of all masses can reach the Eddington limit in
their sub-surface layers

massive stars: inflation, turbulent pressure,
macroturbulence, ...

low mass stars: turbulent pressure, macroturbulence,
non-radial pulsations, ...

pulsations: unstable inflation

stars close to the Eddington limit: dynamical timescale
variations
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Wolf-Rayet stars

Inflation limit:;

x J = luminosity-limit 1
e.g., ULXB: "porosity"
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log T4 (K)

not: convective efficiency
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Galactic WR stars
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Inflation for log L > 5.3, and ...

rotation (€2-limit): 6-dependant inflation —
Ble] supergiants?

binaries: M |= 11
Post-RSG, post-AGB: M |= 11
accretion: L 7

“slow” eruptions: (Novae, R Corona
Borealis, ...)



Inflation ( Gamma )
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Tau ( Gamma-max )
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