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Intermediate-Mass Stars

Schönberg-Chandrasekhar Limit
Evolution Through Core Contraction
Evolution of a 8 M¯ Star

Derivation of the Schönberg-Chandrasekhar Limit (IV)

using the homolgy relation

Tc ∝
µenvG

R
M

R

we can eliminate Tc and R and obtain

Mc

M
. C2

(
µenv

µc

)2

, C2 ∼ 0.37

with µenv ≈ 0.75, µc ≈ 1.33 one finds M/Mc . 0.12.
⇒ beyond that limit the core starts contacting.
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Intermediate-Mass Stars

Schönberg-Chandrasekhar Limit
Evolution Through Core Contraction
Evolution of a 8 M¯ Star

Evolution Through Core Contraction

Note:

Fast evolution too
cool Teff

⇒ few stars are found
in transition region

⇒ “Hertzprung Gap”
in HRD
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Intermediate-Mass Stars

Schönberg-Chandrasekhar Limit
Evolution Through Core Contraction
Evolution of a 8 M¯ Star

Quiz - Radius in the HRD

Determine lines of constant radius in the HRD.

Derive a Relation of the form

log L(R) = A log Teff + B log R + C

Determine the constants A, B, and C

work in groups of 2-3 people, write down your solution and
hand it in with names

no grades
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Intermediate-Mass Stars

Schönberg-Chandrasekhar Limit
Evolution Through Core Contraction
Evolution of a 8 M¯ Star

Solution - Radius in the HRD

Determine lines of constant radius in the HRD.
Derive a Relation of the form

log L(R) = A log Teff + B log R + C

Solution

L = 4πR2σT 4
eff

log L = 4 log Teff + 2 log R + log (4πσ)

⇒ A = 4, B = 2, C = log (4πσ)
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Kippenhahn Diagram, 8 M¯ Star
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Evolution Through Core Contraction
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Kippenhahn Diagram, 8 M¯ Star, He Ignition
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Schönberg-Chandrasekhar Limit
Evolution Through Core Contraction
Evolution of a 8 M¯ Star

Kippenhahn Diagram, 8 M¯ Star, Off-Center C Ignition
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Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, Middle of Hydrogen Burning
s4          2027   2.74780596566327E+15   c12(   1)= 1.7170E+12                                                         
 R = 2.1276E+11   Teff = 1.4017E+04  L = 1.2450E+36   Iter = 10                                                         
 Dc = 2.7553E+01   Tc = 2.6913E+07  Ln = 9.0063E+34   Jm = 1209   Etot = -1.926E+49                                 
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Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, End of Hydrogen Burning
s4          2986   4.36845421821407E+15    h1(   1)= 6.6592E+11                                                         
 R = 2.9724E+11   Teff = 1.2654E+04  L = 1.6137E+36   Iter = 14                                                         
 Dc = 5.4033E+01   Tc = 3.4068E+07  Ln = 1.1192E+35   Jm = 1209   Etot = -1.690E+49                                 
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Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, Beginning of Helium Burning
s4          3927   4.56924082111502E+15   c12(   1)= 1.7433E+11                                                         
 R = 2.6595E+12   Teff = 4.6008E+03  L = 2.2579E+36   Iter = 17                                                         
 Dc = 1.9286E+04   Tc = 1.1628E+08  Ln = 1.5481E+35   Jm = 1208   Etot = -7.639E+48                                 
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Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, Middle of Helium Burning
s4          5034   5.34560736010066E+15    h1( 302)= 1.7170E+12                                                         
 R = 1.5922E+12   Teff = 5.3688E+03  L = 1.5006E+36   Iter = 31                                                         
 Dc = 9.6890E+03   Tc = 1.3311E+08  Ln = 8.1827E+34   Jm = 1210   Etot = -1.382E+49                                 

0 .5 1 1.5 2 2.5 3 3.5
10-1110-1010-910-810-710-610-510-410-310-210-11
101102103104105106107108

 Interior Mass (solar masses)

ρ 
(g

/c
c)

   
S

 (
er

g/
g/

s)
   

P
 (

E
+

13
 e

rg
/c

c)

ρ

ρ
ρ ρ ρ ρ ρ

ρ

P

P

P
P P P P

P
S

S

Lν

Lν
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIi,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,...................................................................::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::..........:::..:..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!..

104

105

106

107

108

109

 T
 (K

)   R
 (E

+
8 cm

)   

T

T
T T T T T

T

R

0 .5 1 1.5 2 2.5 3 3.5
.001

.01

.1

1

E
le

m
en

ta
l M

as
s 

F
ra

ct
io

n

H H H H H H H
He

He He He He He He He
C

C C C C C C

N
N N N N N N

O

O O O O O O O

Ne

Ne Ne Ne Ne Ne Ne NeFe Fe Fe Fe Fe Fe Fe FeIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIi,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,...................................................................::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::..........:::..:..............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!..

Stars and Stellar Evolution - Fall 2008 - Alexander Heger Lecture 34: Intermediate Mass Stars



Recap
Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, End of Helium Burning
s4          6070   6.07549212261076E+15   he4(   1)= 1.5269E+11                                                         
 R = 1.9434E+12   Teff = 4.9101E+03  L = 1.5641E+36   Iter = 31                                                         
 Dc = 1.4315E+04   Tc = 1.8380E+08  Ln = 5.3461E+34   Jm = 1209   Etot = -1.424E+49                                 
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Intermediate-Mass Stars

Evolution of a 4 M¯ Star
Core Helium Burning
AGB Stars and Planetary Nebulae

4M¯ Star, Last Model Computed
s4        100000   6.15866240437279E+15   dtd( 471)= 5.8435E+05                                                         
 R = 3.0752E+13   Teff = 3.2453E+03  L = 7.4734E+37   Iter = 48                                                         
 Dc = 8.0314E+06   Tc = 1.0211E+08  Ln = 8.8746E+35   Jm = 1384   Etot = -8.687E+49                                 
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Core Helium Burning

shorter life time due to

less energy yield per unit mass burnt (by about a factor 10)
higher luminosity (by about a factor 10)
less mass involved (core smaller than inter star)

but additional contribution to luminosity from hydrogen shell
burning

red giant close to Hayashi line in HRD
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Intermediate Mass Stars

stellar masses 2− 10 M¯

“quiet” ignition of core helium burning

two sources of energy generation:

core helium burning
hydrogen shell burning

both yield about comparable contribution to total luminosity

when energy contribution from helium burning gets big
enough, the envelope contracts the star moves back to higher
surface temperature

but remain close to red giant branch

“loop” more extended for more massive stars
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Cepheids

intermediate mass stars also pass through an instability strip

they become pulsationally unstable Cepheid variables

A clear relation between intrinsic luminosity of the Cepheids
and the pulsational period exists

this relation can be used to determine the distance of the star
based on the observed intensity Iobs

d =

[
LCepheid(Pobs)

4πIobs

]1/2

They were used as cosmological standard candels and were
used to first establish the cosmological distance scale
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Intermediate Mass Star - Late Evolution

after core helium burning, helium burning continues in a shell
on top of the CO core / He core boundary

a significant dredge-up reduces the mass of the helium core
above that interface and brings nitrogen and helium to the
surface of the star

the envelope is enriched

the star becomes redder and climbs up the red giant branch
one more time; it reaches the asymptotic giant branch (AGB)

the stars aver very close to the Hayashi line, bigger and redder
then before

they have become red super giants (RSG)

they have a degenerate, isothermal core, similar to a white
dwarf star
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The Asymptotic Giant Branch (I)

asymptotic giant branch stars are characterized by

two burning shells, hydrogen burning and helium burning, in
an unstable configuration, leading to thermal pulses

luminosity uniquely determined by core mass, not total mass

strong stellar winds from the surface, driven by pulsations and
radiation pressure on dust forming in the outer layers
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The Asymptotic Giant Branch (II)

Eventually the entire envelope is blown away leaving behind a
white dwarf star. Typical wind mass loss rates are of the order of
10−6 M¯/yr

Ṁ ∼ 10−13M¯/yr
L

L¯

R

R¯

M¯
M

for M > 0.5M¯ luminosity is given by

L

L¯
= 6×104

(
M

M¯
− 0.5

)
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The Asymptotic Giant Branch (III)

an extended phase of steady hydrogen shell burning builds up
an increasingly thicker degenerate helium layer for some
hundred years

thermonuclear runaway in helium shell, L ∼ 108 L¯

“third” dredge-up after after helium shell flash

nucleosynthesis of the strong component of the s-process in
the helium shell making heavy elements up to lead starting
from iron

dredge-up brings freshly synthesized material into the
envelope where winds blow it away.

growth of the core is due to competition (“race”) of
dredge-up after helium shell flash and mass loss
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