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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?



https://www.freepik.com/free-photos-vectors/solar-system-planets

What are in the universe?



What are in the universe?

Stars

Exoplanets (ESA)

Circumstellar disk



What are in the universe?

Stars

Protostars

Molecular  (+dust) Clouds & Star Forming Regions

(reflection nebulae)

(shock waves)

Protoplanetary Disks



What are in the universe?

Supernova

Planetary Nebula

Main Sequence Stars 

Protostar

Molecular(+dust) Clouds

Gas+dust

⎯ Life cycle of stars and interstellar medium ⎯



What are in the universe?

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

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


What are in the universe?

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

(Interacting Galaxies) (Gravitational lensing)

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


What are in the universe?

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

A number of 
first stars in the 

universe?

Foreground
objects

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


What are in the universe?

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

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


What are optical & infrared?
⎯ Electromagnetic waves ⎯

(Wikipedia)

Near-IR Far-IR

http://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg


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

http://images.google.com.tw/imgres?imgurl=http://www.vivax.com/images/catalog/51/153_0231506_big.jpg&imgrefurl=http://www.vivax.com/default.aspx?tabid=814&newsType=ArticleView&articleId=3863&usg=__iwxBFXIRR_Mukg0TeQBNN_u7oKo=&h=1000&w=878&sz=64&hl=ja&start=7&um=1&tbnid=xoVemVCGONbxTM:&tbnh=149&tbnw=131&prev=/images?q=hair+dryer&hl=ja&rlz=1T4GPEA_jaTW303TW303&sa=N&um=1
http://images.google.com.tw/imgres?imgurl=http://www.richard-seaman.com/Reptiles/Trinidad/TeguLizardSpreadOutFacingLeft.jpg&imgrefurl=http://www.richard-seaman.com/Reptiles/Trinidad/index.html&usg=__hdjBJrC4k8LjCzZFzGVpy9I1g94=&h=617&w=899&sz=104&hl=ja&start=3&um=1&tbnid=Bqc1ukWNqYbeFM:&tbnh=100&tbnw=146&prev=/images?q=lizard&hl=ja&rlz=1T4GPEA_jaTW303TW303&um=1
http://images.google.com.tw/imgres?imgurl=http://kaweahoaks.com/html/alligator_lizard_notail.jpg&imgrefurl=http://www.kaweahoaks.com/html/alligator_lizard.htm&usg=__V23LIY9H61dIelDsWv5eiqHK8Is=&h=429&w=300&sz=24&hl=ja&start=10&um=1&tbnid=xXA88I2ODAJ5DM:&tbnh=126&tbnw=88&prev=/images?q=lizard&hl=ja&rlz=1T4GPEA_jaTW303TW303&um=1
http://images.google.com.tw/imgres?imgurl=http://boxman.awazo.com/photos/2008/080305boy.jpg&imgrefurl=http://boxman.awazo.com/archives/2008/03/two_boys_3.html&usg=__bnhS4E-r_J-GwilI9WMyx-28wDs=&h=398&w=605&sz=134&hl=ja&start=17&um=1&tbnid=p1mhS0emyVWJ4M:&tbnh=89&tbnw=135&prev=/images?q=boy&hl=ja&rlz=1T4GPEA_jaTW303TW303&sa=N&um=1
http://images.google.com.tw/imgres?imgurl=http://www.chiisland.com/weight_loss/images/exercise_ball/exercise_ball_blue.jpg&imgrefurl=http://en.anoword.com/image/searchPost/keyword/Exercise+ball&usg=__dgLyyXmfrfQhg4ftFAi8B8I_wb0=&h=360&w=360&sz=16&hl=ja&start=1&um=1&tbnid=hMJcCsNpX65FDM:&tbnh=121&tbnw=121&prev=/images?q=ball&hl=ja&rlz=1T4GPEA_jaTW303TW303&um=1


What are optical & infrared?
⎯ Infrared world on the ground ⎯

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

http://coolcosmos.ipac.caltech.edu


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

(Wikipedia)

Optical InfraredUV

T(K)=T(°C)-273.15

<latexit sha1_base64="jqNVRHDhUKyZyopPfwLv/liB058="></latexit>
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What are optical & infrared?
⎯ Thermal radiation (blackbody radiation) ⎯

(Wikipedia)

Optical InfraredUV

http://en.wikipedia.org/wiki/File:Hot_metalwork.jpg


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

Multiwavelength observations are essential for
covering targets at different temperatures

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

Temperature of Blackbody

1000 10 K1051071091011



What are optical & infrared?
⎯ Multiwavelength view of the sun ⎯

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

Photosphere

Hot plasma

(Magnetized)
Plasma



What are optical & infrared?
⎯ Multiwavelength view of the sun ⎯

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

Hot plasma

Photosphere (Magnetized)
Plasma

Radiation Mechanisms

Bremsstrahlung (free-free)

e-

p+

Synchrotron (magnetic 
brems.)

B

e-

Ionized regions:
e.g., H II region
Intracluster medium

Supernovae
AGN jet

Acceleration of electric charge

Radiation as Photons
electric ~ UV, optical
molecular vibrational  
~ near-IR
molecular rotational ~ 
radio

Radiative transition

(Inverse) Compton Radiation

e- h! h!
Intracluster medium 
(Sunyaev-Zeldovich effect)
AGN jet, accretion disk
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https://clearscience.tumblr.com/post/589755566/you-are-made-of-elements-along-with-everything

“Metals” for astronomers

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


What are optical & infrared?
⎯ Multiwavelength view of a galaxy ⎯

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

Accretion disk
binary systems

Massive stars
& extinction

More stars
& extinction

Dust heated by massive stars Ionized gas

http://coolcosmos.ipac.caltech.edu


What are optical & infrared?
⎯ Multiwavelength view of another galaxy ⎯

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

Hot ionized gas
in a jet

Massive stars
& large extinction

More stars
& extinction

Cool stars
& less extinction

Dust heated by massive stars

Magnetized & 
ionized gas in a jet

http://coolcosmos.ipac.caltech.edu


What are optical & infrared?
⎯ Optical and infrared views of star-forming regions ⎯

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

Optical

Infrared (3.6-24 μm)

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


What are optical & infrared?
⎯ Optical and infrared views of star-forming regions ⎯

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

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


What are in the universe?

(http://www.spitzer.caltech.edu/images/)
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What are optical & infrared?

Syncrotron radiation

Dust (emission)

Stars

Dust (extinction, scattering)

Thermal

Non-thermal

Gas ionized by UV radiation

Hot plasma



What can be observed in the 
optical and infrared?

• Stars (including protostars and evolved stars)

• Brown dwarfs, planets, asteroids

• Various kind of nebulae (gas, dust)

• Galaxies (composition of all the above)

Astronomically:

• Continuum emission

• Emission/absorption associated with gas, dust and ice

• Scattered emission, silhouette (extinction)

More physically:



How spectroscopy works
Emission spectrum of gas & dust (van Dishoeck 2004)

Emission features are seen if
gas & dust are relatively transparent 

(optically thin)
at some wavelengths.

Gas & dust

Radiation
To the 

observer

Ne/Si/S/Ar
etc.Thermal Dust

Continuum



How spectroscopy works
Elemental Abundance in the Universe

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

“Metals” for astronomers

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)

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

Gas, dust (+ice)

Radiation
to the observer



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

Blue, hot,
massive

stars

Red, cool,
low-mass 

stars

How spectroscopy works

Spectral Types

Oh Be A Fine Girl
Kiss Me

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. 

electronic
(UV to Far-IR)

vibrational
(near- to mid-IR)

rotational
(mid-IR to radio)



How spectroscopy works

⎯ What can we measure using OIR spectroscopy? ⎯

• Velocity
• Masses of stars, extrasolar planets etc.

• Distance to very far galaxies

• Temperature of stellar atmosphere

• stellar mass & evolutionary stage

• Temperature & density of interstellar & circumstellar medium

• Amount and composition of metals, molecules & ices           
(cf. metal = everything but H & He)



Rest wavelength (6562.8 Å)

How spectroscopy works

Hα

(Wikipedia)



Example of measuring velocities
The above line profiles show gas at a variety of velocities

due to the “Doppler shift”

-800 -400    0    400  800 km s-1 -800 -400    0    400  800 km s-1

Rest wavelength (6562.8 Å)

How spectroscopy works



Hotter gas 
↔︎ Emission

-800 -400    0    400  800 km s-1

Rest wavelength (6562.8 Å)

How spectroscopy works

Colder gas 
↔︎ Absorption

?



-800 -400    0    400  800 km s-1

Rest wavelength (6562.8 Å)

How spectroscopy works

?



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

First extrasolar planets discovered
toward a sun-like star
(Mayor & Queloz 1995)

56 m s-1

4 days

(Wikipedia)

How spectroscopy works


