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Others

Star Stuftf!

Nitrogen Carbon 18.5

Hydrogen Hydrogen 9.5
Nitrogen 3.2

Calcium 1.5

Phosphorus 1.0

Potassium 0.4

Sulfur 0.3

Sodium 0.2

Chlorine 0.2

Magnesium 0.1

Trace elements include boron (B), chromium (Cr),
cobalt (Co), copper (Cu), fluorine (F), iodine (I),
iron (Fe), manganese (Mn), molybdenum (Mo), less than 1.0
selenium (Se), silicon (Si), tin (Sn), vanadium (V),
and zinc (Zn).

A Supernova (i.e., Massive Star) is one of your
ancestors!
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Stars and Supernovae

e The life of "normal” stars, like the sun.
e The fast and furious lives and big stars.

 The fates of the stars and supernovae.

Renaissance Court, 20 March 2014 4 S.M. Couch




Bright Transients in the Sky
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Astronomical Scales
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1 Million Trillion km
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Nuclel: Basic Unit of Matter

6 protons
+ 6 neutrons

Q electron

@ proton
O neutron

Carbon atom

1 Hundred-Trillionth km
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Nuclear Fusion

Light Nuclel
Heavy Nucleus

\ . Very sensitive to
/

temperature!

Fusion of heavier and
heavier elements requires
higher and higher
threshold temperatures.
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Stellar Birth , -

- | - .
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Star Formation

1000 Trillion km
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UK Astrophysical
Fluids Facility
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More Small Stars than Big

Number of
Stars

0.1 1.0 10 100
Mass of Star (Solar Masses)
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Newborn Stars Have Disks

protostellar
disk

y’

protostar
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What is Pressure?
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/ Core Helium Ignition




/ Core Helium Ignition




White Dwarf?a nd Ne‘ibu lae
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The Fate of the Sur

» After running out of Hydrog'én: '
fuel, the sun will burn Helium
into Carbon and Oxygen.

Sun will stop
nuclear burning,
expel it's outer
envelope and
become a White
Dwarf Star.

M=~1.0M

sun

R ~ 5800 km
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White Dwarfs & Pressure

e No nuclear burning a WD.

 Held up against gravity by
electron degeneracy
pressure.

e Pressure demo:
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What about Bigger Stars?

e More massive stars than the sun can burn elements
beyond Helium (Carbon, Oxygen, etc.).

e Stars more than about 10 times the sun’s mass can
burn nuclear fuel all the way to iron.

e |ron won't burn!
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Burning in Big Stars

C Iron is most tightly-
nd nucleus.
O/Ne/Mg bound
Si
Fe Nuclear reactions
with iron absorb
energy.
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Nuclear Burning is Violent!

Nuclear Burning
Convection: Like
boiling a pot of
water!

Stars are not
(perfectly)
spherical!
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Nucle:

400

Nuclear Burning

Convection: Like =

boiling a pot of
water!

Y-Axis (x10"6 cm) '

Var.enuc -200-

Stars are not Lo
(perfectly)

. ' 0. - .
spherical! —a00-
-s.ms. ]
-l.e+lé-
X-Axis (x10"6 cm)
Time=3.35006
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Stellar Core Collapse

2000 y
Fe

Mp, ~ Mop ~ 1.4 88

pe ~ 10" g cm™°
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Stellar Core Collapse

2000 y § o m
Fe

Ey > 10°° erg

Mpe ~ Mcop ~ 1.4 Mg pe > 10" g cm™°
pe~ 10" g cm™?
10°7 neutrinos released!!
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Stellar Core Collapse

He nuclel
Fe nucleus
Photon e Core Loses

iy

Energy!
\

.
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Stellar Core Collapse

He nuclel
Fe nucleus
ool = i Core Loses

Energy!
\

Core Loses Pressure

- _" : Support!
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Neutron Stars

e All neutrons! Nuclear
densities! Giant
atomic nuclel In
space.

e Like White Dwarfs,
only held up by
neutron degeneracy
pressure.

e Mass of sun, size of

Chicago!
Crab Pulsar
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The Supernova Problem

Newborn Neutron Star
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The Supernova Problem

Newborn Neutron Star l

Shock stalls... What revives it??
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Observational Facts

 Explode 5 s in universe, about 1 per day
observed: 4x the number of |a’s.

 Have large kinetic energies, ~10°! erg.

e Have massive star progenitors: direct observation!

e Remnants have kicks =1000 km s'.

e Radiate neutrinos: create neutron stars.

e Are fundamentally 3D.
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Bright Transients in the Sky
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Bright Transients in the Sky

More than a
billion times
brighter than

the sun! o

=

0 50 100 150 200 250 300 350
Days after Maximum Magnitude
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1.5 Million Trillion km away!
Closest SN in >300 years!
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What i1s Scientific Simulation?

 Many physical problems are too complex
to find simple solutions or equations that
describe the system.

e Simulation: Solve the basic physical
equations (there's lots of them!) to evolve
the system in time.
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Microphysics
(Nuclear EOS, v-interactions/
cross sections)

Renaissance Court, 20 March 2014 40 S.M. Couch

Tuesday, April 1, 1



Multiphysics Challenges

Require Approximations

1D, 2D

Spure Hydro

L ow-resolution

Monopole Newtonian
Multipole Newtonian
GR Monopole
Conformally-flat

Lightbulb heating/cooling

Leakage
Gray vs. Spectral
Simplified v-reactions Ray-by-Ray vs. Multi-angle
FLD, VET, M1, MC
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O/Ne/Mg

Si
Fe

Whole star: 100 Million km

| simulation only the inner 10,000 km!
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Stars and Supernovae

e All the elements that made the planets and us
came from stars.

e Supernovae spread these elements throughout
the universe.

 Massive stars die as bright explosions, but we
don't yet fully understand the physics of this
process.

e Computer simulation is an important approach
for solving this problem.
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