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What is a galaxy?



JWST Deep Field







JWST

HST



Our tools: Observations & Simulations





Galaxies everywhere in the sky



HST Ultra-Deep Field



Highest redshift galaxy

• GN-z11, observed with Hubble Space Telescope 

• Redshift ~11 (400 million years after Big Bang)
NASA / HST



JWST is revealing the highest-redshift galaxies

Tachella et al. 2023

• The light from this 
galaxy was sent out 
when the Universe 
was less than 10% its 
current size 

• This was only 400 
million years after the 
Big Bang 

• We are starting to see 
the first galaxies!





• Fairly typical spiral disk galaxy 

• Stellar mass about  

• Forms about  in stars

6 × 1010 M⊙

1.5 M⊙/yr

Milky Way

Artist’s impression 



Basic properties of MW

• MW disk is thin, symmetric, blurry 
boundary 

• Half-density thickness about 250 pc 

• Sun ~8.5 kpc from center 

• Rotation velocity ~230 km/s 

• Spiral arms

Reid et al. 2019 • Numbers from Draine



Masses of MW components

• Within 15 kpc of the center of the MW: 

• About  total 

•  stars 

•  dark matter 

•  gas 

• this includes Helium 

•  hydrogen 

• Out of hydrogen: 
• 20% ionized  

• 60% HI 

• 20% H2

1011M⊙

5 × 1010M⊙

5 × 1010M⊙

7 × 109M⊙

5 × 109M⊙

Numbers from Draine



JWST



-raysγ

Wavelength 
(meters)

Frequency 
(Hz)

X-rays

10−2 nm

700 nm

Infrared

Microwave

1 mm

Radio

1 m

10 nm
Ultraviolet

EM spectrum in astronomy

400 nm
Near-IR

Far-IR
Sub-mm

10 μm
100 μm

1 μm

1 mm
450 μm
30 μm

700 nm

Hard

1 nm
0.1 nm 0.2 nm

10−2 nm

10 nm
Soft



21 cm / radio / neutral hydrogen atoms

Effelsberg + Parkes surveys



6.8 mm / microwave / CMB + dust in Galaxy

Planck satellite



2.6 mm / microwave / carbon monoxide molecules

Planck satellite



25-100 m / infrared / warm dustμ

IRAS satellite



2 m / infrared / starsμ

2MASS survey



300-1000 nm / optical / stars

GAIA satellite



175-280 nm / UV / hot stars

GALEX satellite



0.5-4 nm / X-rays / very hot gas

XRG satellite / eROSITA / MPE



below 10-15 m / -rays / energetic point sourcesγ

Fermi satellite



eCUIP / UChicago

• Different parts of the electromagnetic spectrum provides different information 

(temperature, composition, motion, etc)



Atmospheric windows



Simulations

Toomre & Toomre 1972 Wetzel et al. 2016


