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Measured galaxy properties 

What can we measure from broadband galaxy images? 

•  magnitudes (e.g., mr) 

•  colors (e.g., g-r) 

•  surface brightness 

•  angular size 

•  1D radial light profile 

•  morphology 

•  photometric redshift  



Measured galaxy properties 

What can we measure from galaxy spectra? 



Measured galaxy properties 

What can we measure from galaxy spectra? 

•  redshift 

•  absolute magnitude (e.g., Mr) 

•  physical size 

•  elemental abundances 

•  velocity dispersion / rotation 

•  stellar population 

•  star formation indicators  
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Galaxy light profiles 

Disk galaxies: Exponential disk 

I r( ) = I0 exp −r r0( )



Galaxy light profiles 
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Elliptical galaxies: de Vaucouleurs profile 



Galaxy light profiles 
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More general: Sersic profile 



Galaxy light profiles 
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Galaxy light profiles 



Galaxy morphology 

Spiral 

Barred spiral 

S0/lenticular 

Irregular 

Elliptical 

Tidal tails 



Galaxy morphology 



Galaxy morphology 

Types 
 
•  Spiral structure 

•  Bars vs. no bars 

•  Disk vs. bulge 

•  Smooth vs. clumpy 

•  Tidal features 

Method 

•  By eye 

•  1D light profile fitting 

•  2D light profile fitting 

•  Disk/bulge decomposition 

•  Spectro-Photometrically 



Galaxy morphology 



Galaxy morphology 

de Souza (2004) 

1D fitting 



Galaxy morphology 

de Souza (2004) 

2D fitting 



Galaxy morphology 



Galaxy morphology 

•  150,000 people 
•  50 million galaxy classifications 



Galaxy environments 

The �environment� of a galaxy is a general term that has many different 
specific definitions, but is usually related to the local mass density.    

Environment measures 
 
•  galaxy density on a scale r 

•  distance to Nth nearest neighbor 

•  group or cluster membership 

•  distance to nearest cluster 

•  filament/void membership 



Galaxy environments 



Galaxy environments 

•  Galaxy density on 
  small scale (1 Mpc/h) 
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Galaxy environments 

•  Galaxy density on 
  small scale (1 Mpc/h) 

•  Galaxy density on 
  large scale (8 Mpc/h) 

•  Group or cluster  
  membership 

Small group (N=2) 

Rich cluster (N=50) 

•  Distance to Nth  
  nearest neighbor 



Galaxy environments 

•  Galaxy density on 
  small scale (1 Mpc/h) 

•  Galaxy density on 
  large scale (8 Mpc/h) 

•  Group or cluster  
  membership 

•  Distance to nearest 
  cluster 

r 

•  Distance to Nth  
  nearest neighbor 



Galaxy environments 

•  Galaxy density on 
  small scale (1 Mpc/h) 

•  Galaxy density on 
  large scale (8 Mpc/h) 

•  Group or cluster  
  membership 

•  Distance to nearest 
  cluster 

•  Void membership 

In a void 

Not in a void 

•  Distance to Nth  
  nearest neighbor 



Morphology-density relations 

Dressler 1980 
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Morphology-density relations 

Bamford et al. 2009 

Trend due to correlation 
between stellar mass 
and environment. 



Correlations of galaxy properties with environment 

Blanton et al. (2005) 



Correlations of galaxy properties with environment 

Blanton et al. (2005) 



Galaxy groups and clusters 

Galaxies congregate on small scales to form  
groups and clusters. 



Galaxy groups and clusters 

What defines a group or cluster? 

In theory… 
 
•  Gravitationally bound system of galaxies 

•  System of galaxies in virial equilibrium 

•  Galaxies that live in the same dark matter halo 

In practice… 
 
•  Whatever group-finding algorithm is used 



Galaxy groups and clusters 

There are as many algorithms as group/cluster catalogs 

Three broad sets of classes: 
 
•  2D vs. 3D 

•  purely geometric vs. spectro-photometric 

•  galaxies vs. gas vs. dark matter 

All must deal with: 
 
•  incompleteness (missing galaxies that should be included) 

•  contamination (including galaxies that should not be) 



Galaxy groups and clusters 

Geometric method:  friends-of-friends 

Linking length:  



Galaxy groups and clusters 

Geometric method:  friends-of-friends 

X-Y linking length:  

Z linking length:  

Z 



Galaxy groups and clusters 

Berlind et al. (2006) 



Galaxy groups and clusters 

Berlind et al. (2006) 



Galaxy groups and clusters 

Berlind et al. (2006) 



Galaxy groups and clusters 

Berlind et al. (2006) 

Group/cluster multiplicity/richness function 



Galaxy groups and clusters 

2D Photometric cluster finders 



Galaxy groups and clusters 

4000 Å break 



Galaxy groups and clusters 



Galaxy groups and clusters 

Rykoff et al. (2014) 



Galaxy groups and clusters 

Rykoff et al. (2014) 



Galaxy groups and clusters 

Rykoff et al. (2014) 



Galaxy groups and clusters 

Bremmstrahlung Radiation 



Galaxy groups and clusters 

Vikhlinin et al. (2009) 

X-ray clusters 

Chandra ROSAT Z=0.056 



Galaxy groups and clusters 

Vikhlinin et al. (2009) 

X-ray clusters 

Chandra ROSAT Z=0.2 



Galaxy groups and clusters 

Vikhlinin et al. (2009) 

X-ray clusters 

Chandra, z=0.8 Chandra, z=0.56 



Galaxy groups and clusters 

Vikhlinin et al. (2009) 

X-ray clusters 



Galaxy groups and clusters 

Inverse Compton Scattering 



Galaxy groups and clusters 

Carlstrom et al. 

Sunayev-Zel�dovich effect 



Galaxy groups and clusters 

Carlstrom et al. 

SZ clusters 


