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Lambda-CDM

• Describes the large scale structure in galaxy distribution. 

• Clustering and merging is how galaxies gain in mass.   

• Also affects shape and structure.



Dynamical Evolution

• Aside from periodic bars and spiral patterns, gravitational potential 
in galaxies appears to be changing slowly over time. 

• This equation tells us a star’s energy is almost constant along its 
orbit (eqn. 3.27)

Dynamical Relaxation



• While the galaxy was forming the potential at 
any point would swing up and down by large 
amounts. 

• This changes the stars energy. 

• Stars mix among various orbits giving them 
equal random motions in all directions

Dynamical Relaxation



• N-body projections of galaxy 
distribution. 

• a) initial state 

• b) An irregular distribution 
with subclustering 

• c) A bimodal distribution in 
the cluster 

• d) The final relaxed 
configuration

Image from NED



Star Formation Rate

• There are Two modes of star 
formation in galaxies. 

• Main Sequence 

• Starburst Galaxies



Starburst Galaxies

• Starburst Galaxy: A galaxy 
undergoing an exceptionally 
high rate of star formation 
compared to the long term 
average

The Antennae Galaxies



Main Sequence

• Blue Cloud  

• Red & Dead Sequence 

• Green Valley



Downsizing

• SFR’s can be seen to be higher 
in lower mass galaxies. 

• Gradually migrated over time 
from more massive to less 
massive galaxies.





Secular Evolution

• Previously the dominant 
evolution was hierarchical 
clustering, and merging. 

• In the future the evolution will 
become secular.




