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From last class

Some astrochemistry jargon

Metal: anything that is not Hydrogen or Helium

The Astronomer's Periodic Table

He

Metals




From last class

Some astrochemistry jargon

Metal: anything that is not Hydrogen or Helium

X: Hydrogen abundance
Y: Helium abundance
Z: All the rest (i.e., abundance of metals)

X+Y+Z=1
Sun: X=0.749, Y=0.238, Z=0.013

Metallicity
Iron abundance (normalized to solar)

NFe
Ny

| Fel H |=log

Sun: [Fe/H] = 0.0




From last class

Successive generations of stars enrich the Galaxy in metals

GAS NEW STARS

EJECTA

[ &Y



From last class




From last class

An age-metallicity relation can be traced
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Population I

young and metal-rich o /@p

From last class

Stellar Populations
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old and metal-poor



Population IT
old and metal-poor
Halo Stars

Star formation
ceased long ago

From last class

Pop I - Disk stars ; Pop IT - Halo stars

Copyright © 2005 Pearson Prentice Hall, Inc.

Population I
young and metal-rich

Disk Stars

Star formation is
ongoing
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From last class

Bulge stars break the classification. They are old and metal rich.

Age of the Bulge
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From last class

Star formation rate (SFR) is proportional to the density

That's because the bulge is dense. More gas, more stars. Fast chemical enrichment.




From last class

Star formation rate (SFR) is proportional to the density

Central part (Bulge) — High gas density - Fast chemical enrichment
Outer disk - Low gas density - Slow chemical enrichment

The Galaxy has a radial metallicity gradient
A _"' L B B T

Metallicity

a8 10 12 14 16 18
R [Kpe]

Galactocentric distance




From last class

Pop | — metal rich, young

Pop Il — metal poor, old

Pop lll - metal free, extinct

Population ITI stars - Metal free, the first stars

COSMIC TIMELINE

FROM THE DARK AGES ... The First Stars

Afterthe emission of the cosmic microwave background radiation [abour 400,000 years after
the big bang]. the universe grew increasingly cold and dark. But cosmic structure gradually

evialved from the density fluctuations leftaver from the big bang. 1210 14
L bilion y= &S

pillion 42 2™

Purely Hydrogen and Helium,
nothing else.

BIG
BANG

We cannot see them
since they are gone.

Emission of

cosmic background
radiation

But... the second generation of stars
may still be around

Firststars

First supernovae
and

black holes Frotogalany
mergers

... TO THE RENAISSANCE

The appearance of the firststars and protogala
[perhaps as early as 100 million years afterthe big bang | set off
achainofevents thatransformed the universe.

Modern galaxies

www.sciam.com SCIENTIFIC AMERICAN 7
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From last class

‘
HE1327-2326 |

h
MAGNUM Telescope (U, B, V) |/
June 23 & 25, 2004 i

HE 1327-2326: The most metal poor star ever found

Sun

 HE1327-2326 (swbar)
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mene e
CH molecule

386.5 387 387.5
Wavelength (nanometer)

[FelH] = -5.2

300,000 times less Iron
than the Sun



Outline

*Supernovae Types Ia and II
*Binaries
* Types of binaries
* Visual, astrometric, eclipsing, spectroscopic
* Detached, semi-detached, contact
* Mass determination
* Hidden companions

*The Interstellar Medium
* Extinction and Reddening
* The 21cm hydrogen line
* Interstellar Clouds
* Absorption Nebulae
* Reflection Nebulae
* Emission Nebulae



Very metal poor stars - HE 1327-2326

[FelH] = -5.2
300,000 times less Iron than the Sun

‘
HE1327-2326 |

h
MAGNUM Telescope (U, B, V) |/
June 23 & 25, 2004 i

Yet, [CIH] = -1.0

Only 10 times less Carbon
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Very metal poor stars - HE 1327-2326

[FelH] = -5.2
300,000 times less Iron than the Sun

Yet, [CIH] = -1.0

Only 10 times less Carbon

Why?



Very metal poor stars - HE 1327-2326

[FelH] = -5.2
300,000 times less Iron than the Sun

Yet, [CIH] = -1.0

Only 10 times less Carbon

Why?

There must be a delay between
Carbon production and Iron production
in the Galaxy



Core-Collapse (Type IT) Supernova

The Iron is in the core,
that undergoes neutronization

e
K

J

d ‘°

neutrino

The iron is (almost) completely lost!!

Ejecta of Type Il SN is
carbon-rich but iron poor.

Onion-layer structure



Core-Collapse (Type IT) Supernova

The Iron is in the core,
that undergoes neutronization

e
°

J

d ‘°

neutrino

The iron is (almost) completely lost!!

Ejecta of Type Il SN is
carbon-rich but iron poor.

Onion-layer structure

Most of the iron in the Galaxy comes
from Type la Supernovae



The other Supernovae

Supernovae Type la (White dwarf binary Supernovae)

White dwarf + Ordinary star

Steady and slow accretion onto a
denegerate C-O white dwarf below the

Chandrasekhar limit

Mass-Radius relationship for degenerate matter.
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Beyond 1.4 M@, electron degeneracy

No White Dwarfs cannot hold against gravity
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The other Supernovae

Supernovae Type la (White dwarf binary Supernovae)

White dwarf + Ordinary star

Chandrasekhar limit
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The other Supernovae

Supernovae type la (White dwarf binary Supernovae)

White dwarf + Ordinary star

When the limit is achieved, the degenerate
core implodes and achieves

carbon fusion temperatures

This deflagrates a thermonuclear flame.

Carbon Detonation




The other Supernovae

Supernovae type la (White dwarf binary Supernovae)

White dwarf + Ordinary star

When the limit is achieved, the degenerate
core implodes and achieves

carbon fusion temperatures

This deflagrates a thermonuclear flame.

Carbon Detonation

So powerful that no remnant is left.

If the Black Hole is
gravity's ultimate victory,

the Carbon detonation is
pressure’'s ultimate victory.



The other Supernovae

Supernovae Type Il - Core collapse of a massive star INSTANTANEOUS (10 Myr)

Supernovae Type la - White dwarf binary GOTTA WAIT SOME BILLION YRS

A galaxy is first enriched in alpha elements (from Type II SN)
Iron comes later (from Type Ia SN)

produce mostly Fe

SNl ;
roduce o and Fe :

O N (O e O

-
-
L

i I i 1 1 'I i i 1 i I i i i I i
—1 —0.5 0
[Fe/H] ~ time —=

I
—
&h




SNIa as standard candles

Both SNIa and SNIT detonate when the core reaches the Chandrasekhar limit
So they both have the same energy - 10* erg

Why is SNIa a standard candle, and SNII is not?



SNIa as standard candles

Both SNIa and SNIT detonate when the core reaches the Chandrasekhar limit
So they both have the same energy - 10* erg

Why is SNIa a standard candle, and SNII is not?

The envelopel!
SNII progenitor has a huge envelope that scatters some of the light

SNIa progenitor is a naked core



Binary and multiple stars

Most stars are found in multiple systems
Isolated (single) stars like the Sun are rare!!

Types of Binary stars

Visual Binaries WIDE
Astrometric binaries

Spectroscopic binaries
Eclipsing binaries CLOSE



Wide
(long orbital periods — 100-1000 yrs)

Close
(short orbital periods — days)

@ ©



. ] Astrometric Binary
Visual Binary
One of the stars is too faint to be seen
We see the two stars But the visible star wobbles

Sirius B

Sirius A




Eclipsing Binary Spectroscopic Binary

The two stars periodically

eCl | pse eaCh Other A spectroscopic binary is where there is evidence of orbital motion in
the speciral features due to the Doppler effect

Spectroscopic Binary

#1 #2 #3 #4 #5 #6

[
-

Intensity

Time

Copyright © 2005 Pearson Prentice Hall, Inc.
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The Doppler effect

Change in wavelength caused by the motion of the source

1

This observer sees blueshift This observer sees redshift

AA=A,~



Spectroscopic Binary

A spectroscopic binary is where there is evidence of orbital motion in
the speciral features due to the Doppler effect

blueshift

o

redshift

Bluezhift

Al

Zern
velocty
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log (LIL,)

Mass determination by evolutionary tracks

Z=0008 [FeH]=-037

Measure a star's

luminosity and temperature,
compare with
model evolutionary tracks

Errors in luminosity, temperature

Plus, models are not perfect

Can easily add up to a large error in mass



Mass determination by orbits
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1998_| _ _.@---.g!950
e 0 e
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SIRIUS Aand B o 1" 2" 3" ¢ s g 7"
The APPARENT ORBIT o i e S PSS DI D
SCALE
Alpha Centauri Masses
By orbital solution 1.105 +/- 0.007, 0.934+/-0.006 -

By evolutionary tracks 1.13 +/0.01, 0.89 +/- 0.05

10x more
accurate



Classification by interaction

Roche Lobe
Gravitational region of influence

Lagrange Point
Equilibrium point where the
gravity from both stars cancel each other

-

Detached binary ~ Lagrange point

Mass transfor stream
Semidetached binary

if)‘ Roche lobes




Hidden Companions

Hidden = Low Luminosity

Cygnus X1

Blue star orbiting an unseen object

From the orbit, the compact object
must have a mass of 8 Msun

Too massive to be a
white dwarf or neutron star.

It's a Black Holell

The compact object emits X-rays
from a region smaller than 0.1AU

éYGNUS—Xl .1-3!::;1- hole - | | Acmfion diSk
around the black holell

Friction heats up the gas to 1 million K
Very hot stuff emits X-rays




Stellar Extinction

A foggy day




Stellar Extinction

A foggy day A foggy place

Starlight is extincted by dust in the Interstellar Medium



Stellar Extinction

Starlight is extincted by dust in
the interstellar medium

V—M,=—-5+5logd




Stellar Extinction

Starlight is extincted by dust in
the interstellar medium

V—M,=-5+5logd+ A4,




Stellar Extinction

Starlight is extincted by dust in
the interstellar medium

V—MV=—5+510gd

/

Extinction!!




Stellar Extinction

Starlight is extincted by dust in

the interstellar medium

V—M,=—5+5logd @

/

Extinction!!

IPHASX J221117.99+552841.0 (PN5)
T T T T T T T T T T T T T
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Visual extinction A,
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O 2000 4000 6000 8000 1-3-3"3'3'

Distance in pc

Just as in a foggy day,
the amount of
extinction depends on the distance



Reddening

The extinction depends on wavelength
Dust absorbs and scatters more blue light than red light

Starlight is "de-blued”

When not totally extincted,
the star will look reddened

We speak of a color excess, E(B-V)

B-V = (B-V), + E(B-V)

A, = R, E(B-V)
R, ~ 3.1




Avoid extinction. Go infrared.

Dust more efficiently absorbs and scatters bluer wavelengths

A lot of extinction in ultraviolet and optical
Little extinction in infrared

Go to infrared to see through the dust!!

BVI BIK
image image



Avoid extinction. Go infrared.

Visible * WFPC2 Infrared « NICMOS

Trapezium Cluster * Orion Nebula
WFPC2 « Hubble Space Telescope « NICMOS

MNASA and K. Luhman {Harvard-Smithsonian Center for Astrophysics) » STScl-PRC00-19




Wow, infrared is great!
What if we used even longer wavelengths?

Visible
light

Ultravicler

Infraned

Gamima

Increasing energy >

Can we try radio?



The 21cm (1420 MHz) line of neutral hydrogen (HI)

Spin transition

A HI 21cm Line Formation A

Excited State: g
Proton and electron spins Ground State: v
are parallel L Proton and electron spins

are anti-parallel
Photon emitied

Nothing is more abundant than neutral hydrogen
Plus, it's RADIO! Unstoppable!

This 21cm radiation should be pervading the Galaxy



A map of the Galaxy in the 21cm HI line




Interstellar Nebulae

Interstellar clouds can be referred to as
absorption (dark), reflection or emission nebulae

Absorption Nebula Reflection Nebula Emission Nebula



Interstellar Nebulae

Interstellar clouds can be referred to as
absorption (dark), reflection or emission nebulae

Absorption Nebulae

A lot of gas and dust
simply blocking light

Absorption Nebula



Interstellar Nebulae

Reflection Nebulae

'- § Physically the same as dark nebulae,
e but iluminated by nearby stars.
B The dust shines by reflected light

Usually blue (why?)

© AADIROE Photograph by David Mdin g




Interstellar Nebulae

Reflection Nebulae

'- § Physically the same as dark nebulae,
e but iluminated by nearby stars.
B The dust shines by reflected light

Usually blue (why?)

& AAVRCE Photograph by Dawid Main :

1. llluminated by blue/white stars

2. Same reason why the sky is blue
Blue is better scattered than red




Interstellar Nebulae

Absorption and reflection nebulae are the same object

Reddening and Extinction

L on g wavelengh

Absorption
(redder light) N R

less intensity

W W
Z i aost of the long wavelength
light makes it through. The
original lightis **de-blued.””

short wavelength
(bluer light)

Dust

Ivlost of the short warelength
lightis scattered awray from
its original directon.

Reflection Reflection + Absorption



Interstellar Nebulae

Emission Nebulae

Glow by their own light

Illuminated by nearby OB stars,
very hot stars that emit ionizing radiation

When the electrons recombine, they cascade
emitting light in all the atom's discrete set of
wavelengths

Lymian series
{uleravioles)

Balmer series
{visible)

Paschen serics

{infrared})




Interstellar Nebulae

Emission Nebulae

Glow by their own light
Usually red (why?)

Illuminated by nearby OB stars,
very hot stars that emit ionizing radiation

When the electrons recombine, they cascade
emitting light in all the atom's discrete set of
wavelengths

Lymian series
{uleravioles)

Balmer series
{visible)

Paschen serics

{infrared})




Interstellar Nebulae

Emission Nebulae

Hydrogen emission in the 6563 A line (Ha)

Glow by their own light
Usually red (why?)

Illuminated by nearby OB stars,
very hot stars that emit ionizing radiation

When the electrons recombine, they cascade
emitting light in all the atom's discrete set of
wavelengths

Lymian series
{uleravioles)

Balmer series
{visible)

Paschen serics

{infrared})




Interstellar Nebulae

Emission Nebulae

Kirchhoff's laws

Continuum Spectrum
P s, l | .

Emission Line Spectrum

Hot Gas ,/h.
> IR

Cold Gas Absorption Line Spectrum

%gl l

Hydrogen emission in the 6563 A line (Ha)




HII Regions

Emission Nebulae are also called HII Regions
HIT for Ionized Hydrogen
(Neutral Hydrogen is HI)




Emission nebulae

Emission Nebulae are red because of hydrogen emission in H-alpha
Can you tell then why are Supernovae Remnants and Planetary Nebulae so colorful?

Mosaic of The Crab Nebula ’ HUBBLE;SITE_urg

Crab Nebula Ring Nebula
Supernova Remnant Planetary Nebula



Emission nebulae

Emission Nebulae are red because of hydrogen emission in H-alpha
Can you tell then why are Supernovae Remnants and Planetary Nebulae so colorful?

Mosaic of The Crab Nebula {§/ HUBBLE;SITE_urg

Crab Nebula Ring Nebula
Supernova Remnant Planetary Nebula

Chemically enriched |
Not just hydrogen...



[om] As007

[OHI]
(500.7nm)

[O111]

R
I o 4
W&

R )
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RGB =
[SII], Hat, [OIIT]

www.narrowbandimaging.com

foi

A6300 6363

He I A5876

Ho [NII]
(656.4nm) . (658.4nm)

RGlB =
o, [NII), [NTI]

[SII]
(673.4nm)

RGB =
[SII], [NII], Ho

Richard Crisp ©2005

Spectrum of the
Crab Nebula

Prominent
Silicon line
(redder than H-alpha)
and Oxygen line
(green)




Emission, Reflection, and Absorption
in the same nebula

Trifid Nebula



An entanglement of nebulae...

The Antares-Rho Ophiuchi Region

Can you sort what you see?



Dark absorption
nebulae

An entanglement of nebulae...

The Antares-Rho Ophiuchi Region

Can you sort what you see?

Reflection nebula

Emission nebula

Unusual yellow
reflection nebula
(created by a red

star - Antares)
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