Maximum White Dwarf Mass

o once the electrons in a white dwarf become
relativistic, the star must collapse

o critical mass 1s the Chandrasekhar mass:

M, = 021 (%)2( ’”2)3/2 m,

Grnp

= 1.4 My for §=0.5

independent of m,




White Dwarf Collapse

- collapse = T T= C/0 burning throughout

— deflagration/explosion

— supernova (Type Ia)

o energetics: ~ 10**Jtotal (~ Lg % 10 yr)
o light curve: radioactive decay (N1, Co, ...)

peak luminosity ~ 5x10° L
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Nonburning hydrogen

Hydrogen fusion

Helium fusion

Carbon fusion _
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High-Mass Stars

Faster and faster burning stages (~25 M, star)

H ~ 5x10°yr
He ~ 5x10°yr

C ~ 500yr
Ne ~ 1lyr
Si ~ 1day
— 56Fe<\Pr0blem:

Iron won’t fuse!
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Core of a High-Mass Star

o Fe core grows 1n mass and shrinks in radius
o core 1s supported by electron degeneracy pressure

temperature T > 10° K

density p> 102 kgm™3
mass M~12 —14 My ~ Mg,
radius R ~ 10* km

o core 1s about to exceed M,;, and become unstable, but
things are worse than that...



Core of a High-Mass Star

1. High T = photodisintegration

¥y + °%Fe - 13(*He) + 4n -124 MeV
Yy + *He — 2p + 2n — 28.3 MeV

removes ~ 10%*° ] ~ core thermal energy

destabilizes the core

2. High p = neutronization

e +p - nt+,
e~ + °°Fe - >°Mn +v,

e” +°°Mn - >°Cr +v,

removes electron
pressure

neutrinos carry
off energy



Collapse to a Neutron Star

core cannot support itself, goes into free-fall

collapses on time scale trr ~ (Gp)~/2~0.1s

collapse halts at nuclear density:
p~1017 kgm™3
T ~ 104K

“bounce” and resulting shock wave destroy the star

result is a (Type II/core collapse) supernova
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Type |l Supernova

total energy

GM? se{ M N[ Rps \ 71
Egr Rns >x10 (1.4 M@) (10 km) J
T ~ 10K

999% 1n form of neutrinos
y+y > et +e = Vot vtV vtV
1% Kinetic energy

0.019% radiation






Neutron Star

o remnantis a neutron star:

M~14Mg, R~10—15km

o almost entirely composed of neutrons

o supported by neutron degeneracy pressure

2N\2 ( he \3/?
M, = 021 (Z) (G Cz) m,

5.6 M for % ~ 1
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Volume
Var: 5100

5.321
4277
3233

2.189
Max: 6.997
Min: 0.9572

179 km

14 ms
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s Sketches of supernova spectra
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Sketches of spectra from Carroll & Ostlie, data attributed to Thomas Matheson
of National Optical Astronomy Observatory.



Abundance of Si

is normalized to 10
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The Origin of the Solar System Elements
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Isolated Neutron Star RX J185635-3754 _ HST  WFPC2

PRC97-32 « ST Scl OPO « September 25, 1997
F. Walter (State University of New York at Stony Brook) and NASA



Neutron Star RX J185635-3754
Hubble Space Telescope ¢ WFPC2

NASA and F Walter (State University of New York at Stony Brook) ¢ STScl-PRC00-35
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Neutron Star Properties

- mass and radius
M ~14My, R~10Kkm

o rotation rate
O~R? - 1—1000rads™1

at _10-13
dt

o mMmagnetic field

B~R2Z 5 >102G (108T)
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Neutron Star Properties

- mass and radius
M ~14My, R~10Kkm

o rotation rate
O~R? - 1—1000rads™1

=~ 10713
dt 1
L = —B?R?Q*sin? 0
- 6¢c3
o mMmagnetic field

B~R2Z 5 >102G (108T)









2704 BATSE Gamma-Ray Bursts

107 10°® 10° 10™
Fluence, 50-300 keV (ergs cm?)
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Gamma Ray Burst 971214
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Keck « December 1997

PRC98-17c « May 7, 1998 « ST Scl OPO

“HST/STIS + February 1998

S. G. Djorgovski and S. R. Kulkarni (Caltech), the Caltech GRB Team,

W. M. Keck Observatory and NASA



Gamma-Ray Bursts (GRBs): The Long and Short of It

Long gamma-ray burst Short gamma-ray burst
(>2 seconds’ duration) (<2 seconds’duration)
A red-giant

star collapses
onto its core....

Stars* in
a compact
binary system
begin to spiral
inward....

..becoming so
- dense that it

..eventually
colliding. '\

The resulting torus
has at its center

a powerful
black hole.

Jet

Gamma rays /
*Possibly neutron stars.







