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• So far, we have followed stellar evolution up
to the formation of a C-rich core.

• For massive stars ( Minitial > 8 M Sun), the
contracting He core proceeds smoothly to C-
fusion for Tc ~ 109 K

Supernova events and neutron stars
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Reactions include:

                    C + He  →  O ;
                      C + C  →  Ne + He ;
                         2Ne  →  O + Mg

     24Mg can capture α - particles to produce
    28Si, 32S, 36Ar, 40Ca........56Fe.
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• Iron group elements around 56Fe most stable
(even - even nuclei).

• Further reactions require input energy
(endergonic) → end of normal progression of
nuclear fusion.

H
He
C,O

Ne,Si
Fe

Fusion in massive
stars → strongly
differentiated
structure (onion-
skin model)
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• Fe core: ρ ~ 1011 kgm-3 ; Tc ~ 4 x 109 K
• Durations of various fusion stages for star

~ 25 MSun:

                 H:    7 x 106 yr
               He:    5 x 105 yr
                 C:    600 yr
               Ne:    1 yr
                 O:    1 / 2 yr
                Si:    1  day
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• When Tc > 5 x 1010 K, kinetic energy of particles
large enough to cause dissociation.

                               56Fe  →  13 4He + 4n
                                     4He  →  2p + 2n

• Hence k.e. ↓ , pressure ↓
      →     rapid collapse of central regions on the

free-fall time scale  ≤ 1000 seconds
      →    T ↑  even more and density ↑ to nuclear

values ~ 1017 kgm-3 and so

                      e - +  p  → n + νe
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• Neutron star formed:

• core ~ 15 km radius,
• composed of degenerate neutron gas
• supported by neutron-degeneracy pressure
• Theoretical masses  >  1.4 MSun  up to
   ~ 3 - 4 Msun

Observational determinations of masses of neutron stars
from high-mass and low-mass X-ray binaries all cluster
around 1.4 Msun
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• Envelope caves in too - heats up rapidly, bounces
off nuclear density core causing rapid nuclear
fusion on 1 - sec time scales.

Fe
core

C, Si

• Shock wave travels out through star and blows
star apart ie  A SUPERNOVA EVENT.
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SN 1987A in the LMC

What was observed:

• Within several seconds of core collapse  ν and ν
escape from the core

• detected by two experiments

              -  Japan: 11 events;  7.5 - 36 MeV
              -  USA: 8 events;  20 - 40 MeV

   such energies correspond to T ~ 1010 K
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ν detectors  - large tanks of highly-purified
water - surrounded by 100s of
photomultipliers.

Important reaction

If the positron recoils with a velocity >
phase velocity of light in water, it emits
CERENKOV radiation- flashes of blue
light recorded by the photomultipliers.
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• Seen in optical when shock wave reaches
surface of star - very sudden rise in brightness.

• Surface T falls rapidly over few days to T ~
5500K but radius of star increases
monotonically - hence steady increase in
bolometric luminosity.

• Note also decrease in expansion velocity
during this time
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• ‘plateau’ phase of light curve - passage of
shock front produces lots of Ni which
undergoes radioactive decay:

   with half-lives of 6 and 77 days respectively
•explains exponential decrease (linear in
magnitudes)
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There are two types of supernovae recognised
from discoveries in other galaxies

Type I Type II
no H lines, max
abs. mag. ~ -19

Type Ia Type Ib
Heno He

H lines, max abs.
mag. ~ -17



Page ‹#›

AS 2001 Stellar Structure and Evolution

• Type II:
   gravitational collapse of core of massive star +

explosive nuclear fusion → neutron star core
remnant + most of star ejected into ISM.

• Type Ib:
   massive star in close binary system which has

lost most of H envelope during mass transfer
to companion. Hence SN event (Type II) with no
H lines seen.
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• Type Ia:
    white dwarf in binary, with Roche-lobe filling

companion transferring matter to white dwarf. As
WD mass → 1.4 MSun onset of carbon burning in
centre -  carbon burning front moves out -
nuclear runaway disrupts entire star.
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Chemical enrichment of ISM

• Mass - loss episodes for stars:

    m-s:   stellar winds - unprocessed H + He + Z
    r-g:     again unprocessed gases / dust
    AGB:  He - shell flash episodes eject envelope

material and cause convection (mixing) of
gases into core e.g.
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• Before n can be captured, β - decay

    and protons (p) build heavier nuclei in mass-
number range 24-50.

    → proton-rich material, called s - process
elements (slow process, since β - decay has
time to happen).
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• Type II SN events
    large flux of neutrons produced during

explosive event; captured before they β - decay
to protons - hence neutron rich material, called
r - process elements (rapid process) up to
heavy radioactive elements like 238U


