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Explosion

® As aresult of the energy deposited by neutrinos (and
rotation and magnetic fields?), a shock wave moves out
through the star ejecting everything external to the neutron
star. In some cases — quite massive stars — the ejection may be
inefficient, and matter may fall back forming a black hole.
In some cases the outgoing shock may never form. When
successful about 10%'erg is deposited in the ejecta giving
them a speed of 1000’s of km/s.

® All of the elements present outside the compact remnant
are ejected, contributing to Galactic nucleosynthesis. Additonal
elements are created in the explosion itself. One
important species, °°Ni, is created in the deepest layers
to be ejected. This will later be important to the light curve
as it decays to iron.

® The first optical indication that a supernova has happened is
when the shock wave erupts from the surface.

Stan Woosley notes
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After the star exploded
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After the star exploded



(d) Type Il supernova

* The spectrum has prominent hydrogen lines
such as H,.

* Produced by core collapse in a massive star
whose outer layers were largely intact.
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13.3 The Fate of Massive Stars
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Figure 13.20 The bolometric light curve of SN 1987A through the first
1444 days after the explosion. The dashed lines show the contributions
expected from the radioactive isotopes produced by the shock wave. The
initial masses are estimated to be 3§Ni (and later 3$Co), 0.075 Mg; 5ZCo,
0.009 Mg (five times the solar abundance); 43Ti, 1 x 10~* Mg; and 2?Na,
2 x 107° M. (Figure from Suntzeff et al., Ap. J. Lett., 384, L33, 1992.)
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(a) Type la supernova

* The spectrum has no hydrogen or helium
lines, but does have a strong absorption line
of ionized silicon (Si Il).

* Produced by runaway carbon fusion in a white
dwarf in a close binary system (the ionized
silicon is a by-product of carbon fusion).
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Manhattan, meet neutron star
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Neutron star

CORE:

Homogeneous
Matter

radius ~ 10 km

Neutron
Superfluid

ATMOSPHERE
ENVELOPE

CRUST
OUTER CORE
INNER CORE

Polar cap

, Cone of open
. magnetic

B field
B lines

T
e

Neutron Superfiuid .

Neutron Superfluid +

Neutron Vortex Proton Superconductor
Neutron Vortex
Magnetic Flux Tube

Cole Miller UMI


heather
Typewritten Text
Cole Miller UMD

heather
Typewritten Text

heather
Typewritten Text
Neutron star radius ~ 10 km


NEUTRON STAR ALMOST A BLACK HOLE

The Schwarzschild radius for a 1.4 solar mass
black hole is
_2GM

2
C

Ry

or 4 km. Neutron stars are close to being black
holes. Their escape speed is about 1/3 ¢ and
their binding energy is about 20% mc?

The average density of a neutron star, 3M/4pR3,
is ~ 1075 g cm3, greater than the density of an
atomic nucleus

Stan Woosley notes
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Figure 15.14 The distribution of periods for 558 pulsars. Binary pulsars
are indicated by the shaded area, and the millisecond pulsars are on the
left. The average period is about 0.8 s. (Figure from Taylor, Manchester,
and Lyne, Ap. J. Suppl., 88, 529, 1993.)
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Pulsar PSR 0329+54
Interval between pulses: 0.714 second
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http://www.jb.man.ac.uk/~pulsar/Education/Sounds/sounds.html
http://www.jb.man.ac.uk/~pulsar/Education/Sounds/sounds.html
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The Crab pulsar in visible light The Crab pulsar in X rays
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The Crab Pulsar (NP |
0532) in visible light. Each frame |
shows an image of the field at

equally spaced points in the cycle.
When the pulsar is on, it is the
brightest object in the field.When
it is off, we cannot see it
[NOAO/AURA/NSF)
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Period changes for the Crab pulsar. The general
slowdown is clear. Glitches, brief period increases, are indicate
by the locations of the arrows. [Michael Kramer/Lyne & Smith
Pulsar Astronomy, 2nd edn, CUP]
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