
Barred Galaxies
Morphology	


Gas in barred galaxies	


Dynamics: pattern speed	


Theory: secular evolution, resonances
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Barred Galaxies: examples



NGC 1398

Looks like a 
normal spiral 
galaxy







NGC 1300
•Dust lanes	


•Star formation regions	


•Old stellar bar



Barred Galaxies: overall properties
• Barred galaxies are numerous: 1/3 

of all spirals have strong bars and 
1/3 has a weaker inner bar	



• Our Galaxy and Andromeda are 
barred galaxies	



• LMC is a barred galaxy	



• Typically star formation inside the 
bar is suppressed (but not in 
nucleus)	



• Barred galaxies sometimes have 
rings: inner and outer rings	



• Length of a bar is typically close to 
the exponential scale-length of the 
disk. Yet, there is substantial spread	



• Bars have boxy shape: 	



(x/a)c +(y/b)c = 1 with   
c=2.5-5.5	



• Bars rotate, with a pattern speed 
that is close to the angular circular 
speed in the disk near the bar ends. 
If Rbar is the radius of the bar and 
Rcorotation is the radius of 
corotation, than:	



Rbar ≈ Rcorotation / 1.3



Morphology of surface brightness profiles
• Early Type: flat inner profile	



• Late Type: double exponential



NGC1512: SB(r): Central active region



Motion of  Gas



Nuclear bars



Peanut-shape 
bulges



Peanut-shape bulges: sign of a bar



Azimuthal variations of surface brightness

Unlike spiral arms, bars have very large variations of the 
stellar mass: a factor of 2-3 for innner/out bar regions







Boxy shapes of isophotes

NGC1300



NGC 3627

Palomar
2MASS



CO

Spitzer (infrared) 2MASS: old stars
NGC 3627: different wavelengths



Star formation in barred galaxies

In general, global star formation rates and other properties 
are consistent with non-barred spirals of comparable 
Hubble class.	


!
In barred spirals of intermediate class (SBb-SBc), the effects 
of the bar on star formation is clearly seen in the 
distribution of star forming sites. Two patterns: (a) star 
formation in rings (inner and nuclear rings for early-type 
bars) and (b) star formation in bar itself for late-type bars	







Different stages of bar evolution 
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Matching Milky Way 

Klypin et al 2009



Fast bars in DM halos

Dubinski et al  2009





Frequencies and resonances in a simple galaxy model

κ
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orbital frequency
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Resonances

l and m are integers

CR - corotation

ILR - Inner Lindblad Resonance

OLR - Outer Lindblad Resonance



Resonances.

Frequencies of orbits: 
Radial and tangential 
Frequency of Bar



Distribution of particles in 
different resonances



Spatial distribution of the instantaneous angular momentum 
change measured in a short interval of 28 Myr

The two black leaves (dark blue) are areas with a strong negative 
torque. The two dark grey leaves (dark red) have a strong 
positive torque. Finally, the broad areas filled with squares (light 
blue) have a small negative torque, while the areas colored with 
a light grey (light red) have a small positive torque. The bar is 
rotating in anti-clockwise direction. The particles which are 
close to the bar and moving ahead of the bar lose angular 
momentum (black/blue areas). At the same time, particles which 
are moving behind the bar gain angular momentum (dark grey/
red areas).



Resonances.

Frequencies of 
orbits: 
Radial and 
tangential 
Frequency of Bar





Stellar Bar: 10kpc frame

Dark matter Bar: rotates with 
the stellar bar with a small 
lag

Dark matter forms a BAR



Stellar bar 

DM 
bar


