
The Milky Way!



Homework

• Next assignment:  oral report due before class on October 24
– Select an astronomy-related topic and present a 5 minute talk

• Feel free to select anything related to astronomy!

• Some suggestions in the assignment

– 7 slides maximum (1 title slide + up to 6 with content)

– Record and upload!
• One option: “share screen” option in tencent/zoom so that screen is recorded

• Upload to the site circulated by wechat



Last week:  Exoplanets!



Barnard star planet: 
-3-day period
-0.37 Mearth

Radial velocity signal+residual

Bias: sensitivity to planet mass/radius





Direct Imaging: requires coronagraph to 
block out the star (similar to eclipse)



First atmosphere around a 
terrestrial exoplanet



Planets are 
everywhere!

Each detection 
method is biased



The Milky Way!



Stars: The Building Blocks 

of the Universe



The Milky Way!  It’s full of stars!







Milky Way:  keywords

• Galaxy:  gravitationally bound system of stars, 
gas, dust, and dark matter.

– 1000-100,000 light years in radius

– Many kinds of shapes and sizes

• Range:  108-1014 stars

– Milky Way:  1011 stars (a large galaxy)

• Supermassive black hole

– Milky Way:  4 106 Msun (small central black hole)



Milky Way:  keywords
• Spiral arms:  “shape” of young 

stars/dense gas in some galaxies

• Supermassive black hole:  massive 
black hole at center of galaxy

• Dark Matter halo:  spherical halo of 
dark matter around the galaxy

• Galactic rotation:  rotation of 
stars/gas around galaxy

• Central bulge:  bulge around nucleus 
of galaxy







All-sky optical map





Milky Way/All Sky:  radio emission



All-sky Gamma Ray emission 















1. Milky Way starts to form



2. First stars in globular clusters



3. Gas collapses into disk (angular momentum)



4. Stars continue to form in galactic disk



Milky Way: historical mergers





• How to measure the mass of the central 
supermassive black hole?

• How to measure the mass of the galaxy?

• How to identify spiral arms?

Kepler’s laws!









• Stellar density

• Gas density

• Velocities of star and gas

• Spiral structures

• Bar at center

• Sun: 230 km/s

• One “galactic year”: 230 million years
– Sun has had 20 trips around

– Permian–Triassic extinction event was ~1 
galactic year ago

– Cambrian explosion:  2.4 years ago

• 25,000 light years from galactic 
center





http://galaxymap.org/dr2/



What is at the center of the galaxy?



Galactic center orbits



Galactic center orbits







Nobel Prize in Physics (2020): 
Reinhard Genzel, Andrea Ghez  



Event Horizon Telescope: 
image of Milky Way black hole



Black holes: gravity high enough (large mass, 
small volume) that light cannot escape



Black holes: gravity high enough (large mass, 
small volume) that light cannot escape



Some black holes accrete:
We can see heated accretion disk





Galactic center orbits







• How to 
measure the 
mass of the 
galaxy?

Kepler’s laws!









Dark Matter!

• We can measure accurately the mass of the galaxy through 
Kepler’s Laws/gravity

• We can measure the mass of stars+gas

• Mass of stars = 0.2 x mass of galaxy

Rule out:  black holes, brown dwarfs/planets,interstellar gas 

Dark matter:  exotic, non-interacting particle

Dark=not interacting;  80% of mass!



Simulations of Milky Way Formation



Sagittarius Stream



Last major merger: Gaia-Enceladus Sausage

 8-10 billion years ago

• 8-10 billion years ago

• Stars from “alien” galaxy mixed 
into Milky Way

• Globular cluster NGC 2068 may 
be remnant







The future: it’s coming right at us!
Collision with Andromeda galaxy: 3 billion years 



The future: it’s coming right at us!
Collision with Andromeda galaxy: 3 billion years 



The future: it’s coming right at us!
Collision with Andromeda galaxy: 3 billion years 



Globular Cluster: 
~1 million stars, formed early



Location of stars tells us age of cluster





Halo & globular clusters: 
~1 million stars, formed 

early (old stars)



Halo: old stars

Disk:
Gas, still forming stars





HR diagram



Interstellar medium

• Space is not quite empty

– Hot interstellar medium:  10-4 ions per cm3

– In this room:  1019 molecules/cm3

– Best vacuum in lab:  1010 molecules/cm3

• Some places are denser and colder

– Molecular clouds, where stars form

– Densities of 102-106 molecules/cm3



Orion Nebula

Largest nearby star-

forming region



Serpens star-forming region
Courtesy Adam Block via APOD



Interstellar medium, supernova remnants



JWST image of Carina Nebula: 
hot stars ionize gas



Optical Near-infrared

Barnard 68:  very dusty!
Longer wavelengths look through dust (red objects on right)



Blue wavelengths:  absorbed/scattered by dust
Red wavelengths:  pass through dust



Steps of star formation:

1) Region is dense enough to be gravitationally unstable and collapse

2) Protostar forms, with envelope and disk

3) Star grows, leads to jets and outflows

4) Envelope and disk disappear, leaving behind planets+star



JWST Image of protostar L1527

Disk
Outflow cavity

Envelope extinction



Protoplanetary disk:  

where planets form



Simulation of a star-forming region



STARFORGE:  Simulation of a star-forming region





Supernova 1987A (brightest in modern times)



Brightness of supernova with time



Supernova remnant



Eta Carina: what a 100 Msun star looks like





Next week: galaxy structure and formation


	Slide 1
	Slide 2: Homework
	Slide 3
	Slide 4: Barnard star planet:  -3-day period -0.37 Mearth
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Planets are everywhere!  Each detection method is biased
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75: Interstellar medium
	Slide 76
	Slide 77
	Slide 78
	Slide 79: JWST image of Carina Nebula:  hot stars ionize gas
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93

