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Today in Milky Way
» Look at why spiral patterns are made in the disk of
galaxies, including our own

» Examine the Star-Gas-Star Cycles working in our
galaxy disk, and its ingredients

» Respond to discussion Q on such cycles by Thur

* Interstellar Medium (ISM) — gas and dust, plus
super-bubbles blown by multiple supernovae

» Recycling on a grand scale, and building the
heavier atoms

» Complete your reading of 19.4 Mysterious Galactic
Center

» Observatory Night 5 this Wed 8:30pm

Clicker on deductions
about Milky Way’s stars C

» Why are stars in the halo poor in the common
elements carbon, nitrogen and oxygen?

* A. Those elements have been used up in halo
stars

e B. C, Nand O are biological elements, and
there is no life out there to make them

e C. The halo stars formed before these elements
were made in abundance

* D. Making C, N and O requires massive stars,
and these have been absent in the halo
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Why spiral arms?

«

‘Density waves” —
stars move in and
out of denser
regions

More like ripples in a

pond than arms of

a pinwheel

In dense regions, star
formation is more
intense, so “arms”
are brighter
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Push and pull of
gravity in disk

Gas/stars are pulled
a little forward or
backward toward
the high density
regions

Such clumping helps
create a spiral
pattern
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“Grand design spiral” — M51 Whirlpool

Bright
O&B
stars
mark the
spiral
pattern




Crash/bang of star birth and recycling: rotating
through the spiral arms in the disk

M51
Whirlpool
Galaxy
HST

atomic-hydrogen
clouds -

molecular clouds hot bubbles

Star—gas—star A

cycle
supernovae and
stellar winds
7 iToday’s topic:
heavy-sloment Cycle of
formation ¢ stars>gas
S  Dstars
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States of gas in ISM

Hot bubbles Tonized 1,000,000 K 0.01
hydrogen

Warm atomic gas Atomic 10,000 K 1
hydrogen

Cool atomic clouds Atomic 100 K 100
hydrogen

Molecular clouds Molecular 30K 300
hydrogen

Molecular cloud cores Molecular 60 K 10,000
hydrogen




ISM Contents: some stuff is HOT

e Bubbles of hot gas
blown out by
SUPERNOVAE

e T = million degree K

» Mixing with rest of
galactic gas =
enrichment with
heavy elements

Super-bubbles & Fountains

e Supernovae can burst
hot gas even out of
the galaxy!

» “Enriches” gas

reveen lnie: [
* Some will rain back ;
down and mix into ‘ -
galaxy 3 ( T
| W

Artists’ conceptions!

Super-bubble breakout from disk

galactic
disk W

Super-bubbles
in Large Magellanic
Cloud (LMC)

(nearby galaxy)

¢ Dust/gas in disk
obscures light

* Plumes and fuzz
sticking out are
“fountains” &
“superbubbles”
from supernovae




Fast electrons & magnetic fields

¢ Synchrotron
emission from

SNR
» X-ray and radio

e Traces very hot
gas bubbles
(SNR)

Chandra X-ray image of Tycho Brahe 1572 supernova remnant

Kepler's SNR (1604) latest SN in MW

g

#
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Kepler SNR (1604) Chandra X-ray

Supernova Remnant N49B in LMC

CHAMDRA M6

Chandra x-ray images reveal ~one solar mass
of magnesium blasted into space by SN

Really HOT: Cass A Supernova Remnant

Chandrza: shoclk wave + jet

Some stuff is WARM

¢ Gas & dust heated b
stars

¢ GAS -- emission lines §
from hydrogen and
other elements
(ionization nebulae)

T~ 10,000 K near hot
young stars

T~ 100 K between star §
forming regions >




ISM — hot gas:
Emission
nebula

(H Il region)

UV radiation from
hot O or B star
ionizes a big cavity
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. OB Adeciation

Emission nebulae

“O & B star

associations”

¢ Emission lines from
hydrogen and other
ionized elements

* T~ 10,000 K near
hot young stars

Where the emission colors come from ..

doubly

neon

rT 1T 1rrrrrrorT

apparent brightness

__—lionized oxygen

ionized oxygen
atomic hydrogen
doubly ionized

/doubly ionized oxygen

atomic  ionized
hydrogen  nitrogen

ionized
sulfur

| N N N N N )

360 390 420 450 480 510 540 570 600 630 660 690

wavelength (nanometers)

O & B star
associations

many cluster stars s,
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Trifid emission nebula “O & B star associations”
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