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Death of a low mass star: a “Planetary Nebula”

image: HST
Little Ghost Nebula
distance 2-5 kLy
blue: OIII
green: HII
red: NII

Envelope of star
blown into space

And here’s the
core !
a “white dwarf”

Zero Age Main Sequence

(ZAMS): “1”

End of Main Sequence: “2”
(from Kippenhahn & 

 Weigelt, Stellar Structure

  & Evolution)
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�Diversity of Progenitor
 
Example: HR-Diagram for various Masses &  Metallicities��
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There is another effect that extends SN light curves: Radioactive decay !

� Radioactive isotopes are produced during the explosion

� there is explosive nucleosynthesis !
28

Endpoints of stellar evolution

The end of stellar evolution is an inert core of spent fuel that cannot maintain
gas pressure to balance gravity 

Chandrasekhar Mass:

Electron degeneracy pressure can prevent gravitational collapse

Such a core can be balanced against gravitational collapse by electron degeneracy
pressure IF the total mass is less than the Chandrasekhar mass limit:

Only if the mass of a inert core is less than Chandrasekhar Mass M

ch

 

In more massive cores electrons become relativistic and gravitational
collapse occurs (then p~n

4/3

 instead of p~n

5/3

).

Θ≈ ���
���

9%#"#

For N=Z  M

Ch

=1.46 M
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The “mass zones” in “reality”:

1170s after explosion, 2.2Mio km width, after Kifonidis et al. Ap.J.Lett. 531 (2000) 123L
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C) Scenarios for core collapse SNII, Ib,Ic (M > 8Mo)(
I) Initial collapse phase
  a) 8 Mo < M < 10..12 Mo
    1) Central, non-degenerate C-burning -> degenerate O,Ne,Mg core grows(Mcore<M(Ch))
    2) Further growing by C-shell burning  
    3) Electron capture on Mg and Ne reduced pressure due to electrons (part. deg.)
       and M(Ch) decreases (due to change in mean molecular weight) -> collapse starts
    4) Explosive O and Si burning set in
  b) M > 10..12 Mo: hydrostatic burning up to Fe -> electron capture +  collapse starts

II)  � < 4/3 (rel. deg. electron gas + electron capture) [ e + p -> n + (e)�  ]
Inner region is a n=3 polytrope: M(r)=M(r/R) -> dv/dr=v(R)r/R ->homologous collapse

III) rho > 3E11 ... 1E12 g/ccm -> trapping of neutrinos

IV) Neutonization: e + p <=> n + (e), and formation of a proto-neutron star �  

 V) Collapse stops (formation of a hot proto-neutron star supported by deg. n +p)
     Rebounce of infalling material (E(kin)=(4-8)E51erg 
     a shock front is formed 
     Temperature in shock front > 5E9K -> dissoziation of Fe
     => energy loss 8E18erg/g = 1.6E52erg/Mo 
     => shock stalls  

Prompt explosion does not work !!!
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Explosive Si burning:

28

Si � 

56

NiDeepest layer: full NSE

Further out: α -rich freezeout

• density low, time short � 3α  cannot
  keep up and α  drop out of NSE
  (but a lot are made from 2p+2n !)

• result: after freezeout lots of α  !

•
 fuse slower – once one 

12

C is made

  quickly captures more

 result: lots of α -nuclei ( Ti !!!)

Explosive C-Si burning

• similar final products 

• BUT weak interactions unimportant for
   >= Si burning (but key in core !!!)\

• BUT somewhat higher temperatures

• BUT Ne, C incomplete
         (lots of unburned material)

composition before and after core coll. supernova:

mass cut somewhere here

not ejected ejected

Explosive Nucleosynthesis
Shock wave rips through star and compresses and heats all mass regions
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