Star Formation




MAIN
COMPONENTS OF
OUR GALAXY

Disk, Bulge, Halo

& AdesonWesey

Most of the gajaxy’s light
comes from stars and gas
in the galactic disk...

Distances:

lpc - typical distance between stars.
8,600pc - distance to the center

...but most of the galaxy’s
mass lies above and below
the disk in the halo.
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- Giant Molecular Clouds: places

-~ where stars form

-~

. S1Z¢ES: 10-100 PC

CUUNANSSES: 105-106 SOLLAR. MASSES
 TEMPERATURE: 100K

. ... Thewhole process of formation
© o of stars is very inefficient: only
<+ few precent of mass of the cloud

is converted into stars
 Eagle nebula

sefvatory Photo by David Malin
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2. A small clump in the cloud starts to

Stages of star formation:

Molecular Cloud formes.

collapse under the force of gravity. This
initial collapse proceeds very fast.

3. Once the clump gets relatively dense,

radiation cannot easily escape. The collapse
gets slow

4. At some moment the temperature and
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CARINA NEBULA




Carina Nebula

Fietiage

NASA, ESA, and the Hubble Heritage Team (STScl/AURA) « Hubble Space Telescope ACS/WFC « STScl-PRC10-29









NGC 602 in the Small Magellanic Cloud
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YoungSunsofNGC7129 IR SBEEAL S 8 il
|t |s likely thét our own Sun formed |n a S|m|Iar stellas nursery some frvebllllon yéars ago
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Protostar shrinks and Copynght © Addison Weasley

heats as gravitational
potential energy is
converted into
thermal energy.

Shrinking slows and

surface temperature
as nuclear
begins.

Clump of gas becomes
protostar when radiation
can no longer escape
from interior.

Fusion rate .
increases until
gravitational equilibrium
stabilizes star.

30,000 10,000 6,000 3,000
surface temperature (Kelvin)
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luminosity (solar units)
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Core of Stars on the Main Sequence

At birth
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When hydrogen is exhausted in the core:

Nonbuming |

emelope expanding

photosphere

Hydrogen bummg

photosphere

contracting inert
helium'core

hydrogen-
burning core

Nonburnlng

helium "ash" main-sequence star expanding subgiant
v Copyright @ Addison Wasley




Sun R = 0.7 million km
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Crange Star

Orbit of Mars ~~.
S o0 Arcturus R = 20 million km

R ~ 227 million km

Red Giant
Antares R = 300 million km

Sizes of stars

10,000 6,000
surface temperature (Kelvin)

Formation of a Red Guant



http://www.youtube.com/watch?v=HEheh1BH34Q&feature=related
http://www.youtube.com/watch?v=HEheh1BH34Q&feature=related

Planet

Red Guant




© Mark A. Garlick / space-art.co.uk
No unauthorized usage



When helium core becomes too large,
helium starts to burn into carbon

helium fusing into
carbon in core

hydrogen-burning
shell

Now the star evolves very fast, because
(a) there is not much energy left and because
(b) the star generates that energy very efficiently
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NGC 6543 HST - WFPC2

PRY95-01a - ST Scl OPO - January 1995 - P. Harrington (U.MD), NASA 12/13/94 zgl
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Helix Nebula « NGC 7293
Hubble Space Telescope * Advanced Camera for Surveys
NOAO 0.9m ¢ Mosaic | Camera

NASA, NOAO, ESA,The Hubble HelixTeam, M. Meixner (STScl), and T.A. Rector (NRAQO) e STSclI-PRCO
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“Southern Ring”: Planetary Nebula NGC 3132 (©) HUBBLESITE org

oy
T Sout kg’ P b

."









‘Hubble

D1 Nrro



Evolution of a very massive nydrogen
hellum uranium
(more than |0Msun) star

mass per nuclear particle

atomic mass (number of protons and neutrons)

Copyright @ Addison Waslay

m Nonburning KlGrbilirsisa e
Hydrogen-burnin onburnin rogen
sf?ell : _,..._---g* SIelope envelope S

PO A

Hydrogen-burning | Hydrogen fusion.,

Helium fusion.

Carbon fusion-__ .

‘Oxygen fusion ,f
Neon fusion ¢
Magnesium ¥
fusion

burning Silicon fusion

, shell
Nonburning'
helium "ash" | Carbon ash







Crab Nebula « M1
Hubble Space Telescope « WFPC2

NASA, ESA, and J. Hester (Arizona State University) STScl-PRCO05-37
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Cygnus Loop: gas thrown in space
by a large stellar explosion, which
happened long ago



Origin of elements
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Measuring ages of stars
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¢ h + x Persel — 14 million years
A Pleiades — 100 million years

® NGC 188 — 7 billion years

30,000 10,000 6,000 3,000
surface temperature (Kelvin)

Copynght @ Addison Weslaey

Oldest globular clusters have age of 12Gyrs:
almost as old as the Universe itself.
Age of our Sun is 4.6Gyrs



Crab Nebula - M1
Hubble Space Telescope « WFPC2

NASA, ESA, and J. Hester (Arizona State University) STScl-PRC05-37




Life Cycle of a Star

Red Giant _

‘OWhite Dwarf

) 6 7 9 10 | 11
Age of the Sun in Years X 1,000,000,000




The mass of a star has an important role in determining its evolution.
The larger the mass, the more quickly the star will evolve onto and

off of the Main Sequence. A 1Msyn star takes about 30 million yrs to
evolve onto the Main Sequence, but a 15Msyn takes only about 160,000
yrs and a 0.2Msyn star takes about 1 billion yrs.

Massive stars consume their fuel quickly & live relatively short lives on
the Main Sequence whereas low mass stars conserve their fuel & shine

for billions of years. For example, a 25Msun will live only 7 million yrs on
the Main Sequence, whereas a 0.5Msun can continue to burn its nuclear
fuel for 17 billion yrs.
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..,,.,f:_drapldly expand w1th the 4outermost layers

Main Sequence stars ~ shine” by fusing hydrogen into helium. When about 90% of
that hydrogen has been exhausted, great changes occur in the structure,
luminosity, & size of the star. The star begins to evolve off of the Main Sequence.

Once the hydrogen in the core is depleted, proton-proton nuclear reactions cease and the
helium core begins to contract (thermal pressure no longer can offset gravity). The core
temperature begins to rise. The larger core temperature results in the ignition of a shell
of hydrogen which surrounds the core.

The star moves toward the upper right portion of the H-R diagram - the Giant
Branch. The hydrogen shell burning has caused the star's envelope or atmosphere to
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What is the fate of our Sun?

For a medium-mass star like the Sun, the triple-alpha process is the last nuclear reaction in
the core. Once the core has been converted into carbon, the star begins to collapse again
and becomes a white dwarf, where degenerate gas pressure halts the collapse. It moves to
the lower left portion of the H-R diagram. As the white dwarf radiates its energy into space,
the star cools off and the luminosity declines. Eventually the star becomes a cold & dark

carbon cinder called a black dwarf.




What is the fate of a very massive star?

For stars with mass larger than 10 Msun, the end can be quite spectacular. Such a

star is layered like an onion with an iron core, surrounded by a layer of silicon, then

oxygen, then carbon, then helium, and finally an outer * skin" of hydrogen. The
evolution then proceeds as follows:

e As the star develops an iron core, the energy production declines (iron has a very
tightly bound nucleus) and the core contracts. As the core reaches 5 billion K, the

photons have reached gamma-ray energies which break up iron nuclei and cause
the core to collapse VERY rapidly.

e This rapid collapse triggers a star-destroying explosion called a supernova. The
contraction of the innermost degenerate core allows the rest of the core to fall
inward producing a huge shock (or compression) which propagates outward and
blows off the outer part of the star. This explosion results in a rapid rise in
luminosity, for a brief period of time.

e The core collapse transforms iron to heavier nuclei, all the way to the end of the

periodic table. A supernova is the ONLY way that elements heavier than iron can
be produced in nature.

e The remaining core of the star may be either a neutron star (which can produce a
pulsar) or a black hole.



