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What are in the universe!

What are optical & infrared?

What can be observed in the optical and infrared?
How do muliti-wavelength observations work!?

How does spectroscopy work?
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What are in the universe!
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What are in the universe!

— Life cycle of stars and interstellar medium —
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What are in the universe?
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http://www.spitzer.caltech.edu/images/

What are in the universe!

(Interacting Galaxies) (Gravitational lensing)



http://www.spitzer.caltech.edu/images/

What are in the universe?
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http://www.spitzer.caltech.edu/images/

What are in the universe!

13.7 billion yrs



http://www.spitzer.caltech.edu/images/

What are optical & infrared?

— Electromagnetic waves —
Near-IR
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http://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg

What are optical & infrared?

—Visible world on the ground —
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What are optical & infrared?

— Infrared world on the ground —

NASA/IPAC

NASA/IPAC

NASA/IPAC 97 g NASA/IPAC



http://coolcosmos.ipac.caltech.edu

What are optical & infrared?

— Thermal radiation (blackbody radiation) —
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What are optical & infrared?

— Thermal radiation (blackbody radiation) —
Optical il Infrared
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http://en.wikipedia.org/wiki/File:Hot_metalwork.jpg
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What are optical & infrared?

— Thermal radiation (blackbody radiation) —
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Temperature of Blackbody

(original figure from http://coolcosmos.ipac.caltech.edu/)

Multiwavelength observations are essential for

covering targets at different temperatures




What are optical & infrared?

e avelength view of the sun —

X-Ray: Yohkoh Ultraviolet: SOHO-EIT Extreme UV: SOHO-EIT
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What are optical & infrared?
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Abundance of the Elements: [ 'etals” forastronomers

In Life On Earth In the Universe

(Earth’s crust)

— IR Al others; 1%
Phosphorus Magnesium: 2% ' 0 All others
Nitrogen 2ters oo gt

Helium

Hydrogen

https://clearscience.tumblr.com/post/589755566/you-are-made-of-elements-along-with-everything



https://clearscience.tumblr.com/post/589755566/you-are-made-of-elements-along-with-everything

What are optical & infrared?

— Multiwavelensth view of a salaxy —
Accretion disk Massive stars More stars

binary systems & extinction [ & extinction

X-Ray: ROSAT Ultraviolet: GALEX Visible: DSS

i Dust heated by massive stars ‘

Mid-Infrared: IRAS Mid-Infrared: Spitzer Far-Infrared: ISO Radio: Effelsberg



http://coolcosmos.ipac.caltech.edu

What are optical & infrared?

— Multiwavelen

Hot ionized gas
in a jet

gth view of another galaxy —
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Cool stars Dust heated by massive stars

& less extinction

Magnetized &

ionized gas in a jet
Mid-Infrared: Spitzer Far-Infrared: IRAS Radio: VLA

Near-Infrared: 2ZMASS

(http://coolcosmos.ipac.caltech.edu/)



http://coolcosmos.ipac.caltech.edu

ical & infrared?

— Optical and infrared views of star-form

What are opt

ing regions —

24 um)

Spitzer Space Telescope + IRAC-MIPS

Infrared (3.

Star Foermation Revezled around M17
NASA 7 JPL-Caltech / M, Povch (Penn State Univ,)



http://www.spitzer.caltech.edu/images/

What are optical & infrared?

— Optical and infrared views of star-forming regions —
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What are in the universe!
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What are optical & infrared?
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*
What can be observed in the

optical and infrared?

Astronomically:

® Stars (including protostars and evolved stars)
® Brown dwarfs, planets, asteroids

® Various kind of nebulae (gas, dust)

® (alaxies (composition of all the above)




How spectroscopy works

Emission spectrum of gas & dust (van Dishoeck 2004)

Emission features are seen if
gas & dust are relatively transparent .
(optically thin) Radiation
at some wavelengths. To the
Gas & dust observer




How spectroscopy works

Elemental Abundance in the Universe

“Metals” for astronomers
Abundance of the E
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https://clearscience.tumblr.com/post/589755566/you-are-made-of-elements-along-with-everything

How spectroscopy works

Absorption spectrum of dust & ice (van Dishoeck 2004)
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Absorption features are seen if ice/gas/dust:-

* |lie between the observer & background source
= are not opaque (optically thick) at all wavelengths
= are colder than the background source



How spectroscopy works
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Stellar Spectra (http://www.astro.uu.se/~be/spectra.html)



http://www.astro.uu.se/~be/spectra.html

How spectroscopy works

— Transitions which make emission/absorption lines —

When an atom or molecule changes a quantum state, it
can emit or absorb a photon.

@ - R - rotational




How spectroscopy works

—What can we measure using OIR spectroscopy?! —

® TJemperature of stellar atmosphere

® stellar mass & evolutionary stage

® Temperature & density of interstellar & circumstellar medium




How spectroscopy works

Rest wavelength (6562.8 A)

Hao

(Wikipedia)



How spectroscopy works

1.0

6540 6530 6560 6570 6580 A 6540 6550 6560 6570 6580 A
| | | | | | | | | |

-800  -400 0 400 800 km s -800 -400 0 400 800 km s

Example of measuring velocities

The above line profiles show gas at a variety of velocities
due to the “Doppler shift”



How spectroscopy works

Rest wavelength (6562.8 A)

Colder gas
< Absorption

1.0
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Hotter gas
< Emission




How spectroscopy works

Rest wavelength (6562.8 A)

| | | | |
-800 -400 0 400 800 km s




How spectroscopy works
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FIG. 4 Orbital maotion of 51 Peg corrected from the long-term variation
of the y-velocity, The sold line represents the arbital mation computed
from the parameters of Table 1.

First extrasolar planets discovered
toward a sun-like star

(Wikipedia) (Mayor & Queloz 1995)

Accurate measurements of the velocity
of the stars allow us to search for extrasolar planets




