
Dark Matter
ASTR 333/433
Spring 2016

 T R 4:00-5:15pm
Sears 552

TODAY
The Bar Instability
Galaxy Structure
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posted on course web page 

DUE 8 February



Disk Stability 

the Ostriker & Peebles

bar instability (etc.)



NGC 1300: a barred spiral galaxy







http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/nohalo.mpg

http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/halo.mpg

http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/nohalo.mpg
http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/halo.mpg


NGC 2403

UGC 128

Same global L,V

Very different
mass distributions



NGC 2403: high surface brightness
UGC 128: low surface brightness

Same rotation
curve when
radius normalized
by scale length

LSB looks more fragile but should be 
more stable against bar formation 
because of low surface density



High surface
density

Low surface
density
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http://www.youtube.com/watch?v=byI9yhITDsM

http://www.youtube.com/watch?v=byI9yhITDsM
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Spiral arm
type & multiplicity

rings

Disk self-gravity drives bars and also 
spiral structure. Need a dark matter 
halo to suppress the rate of growth 
of these modes (but see Sellwood 
2016 on live halos). But need some 
disk self-gravity to drive the 
observed features -


Athanassoula et al. (1987, A&A, 179, 
23) find the disk mass has to be 
within a factor of 2 of maximum disk.


Fuchs (2003, Ap&SS, 284, 719) finds 
LSB disks need to be heavier than 
expected by stellar population 
models in order to drive the 
observed structure.
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Tracers of the Potential

• Photometric
– Mass you can see

• Stars (stellar populations, young & old)
• Gas (Atomic HI & Molecular H2/CO)

• Kinematic
– Velocities you can trace (Doppler effect)

• HI
• H𝛂

• Absorption lines (especially from stars)

�



The Milky Way (all sky projection)



Milky Way in the near-infrared



• Stars

• Majority of baryonic mass in elliptical and early type 
spiral galaxies

• Gas

• Atomic HI

• Majority of baryonic mass in Irregular and some late type 
spiral galaxies

• Molecular H2

• traced by CO

• Ionized H+

• traced by H𝛂  Little mass at small radii.

• Dust
• little mass, but does get in the way.

“Galaxies are made of stars” - D. Silva (1990) private communication
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Multi-wavelength Milky Way

Optical
stars & dust

near-IR
stars

radio (21 cm)
HI gas

radio (CO)
molecular gas

X-ray 
hot gas

far-IR 
dust



Face-on Milky Way

(artist’s conception)



HII regions
GMCs



stellar disk

gas disk (HI + H2)

bulge/bar

Milky Way model illustrating baryonic mass components

“ring/lens”
exponential disk


