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Distribution & Classification of Galaxies

• Distribution of Galaxies
– Faintest galaxies are distributed ~ 

uniformly over the sky except for the 
Galactic plane (zone of avoidance)

– Brighter galaxies show clear pattern of 
clustering

– Local Supercluster includes Virgo 
Cluster at the center of a filament 
(“supergalactic plane”)

– Various bound groups located in the 
filament and environs

– Note that the Local Supercluster is not 
gravitationally bound but contains 
bound groups like the Local Group.

– In 3D (redshift as distance) structure 
is a flattened plane and can be 
quantified (Lahav et al. 2008)

– To be continued within context of 
large scale structure.
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Morphological Classification of Galaxies
• Hubble’s Classification of Galaxies

– Ideal system should reproducible and relate to 
formation/evolutionary history. Proof is 
correlation of properties with morphology.

– Most galaxies can be classified into only a few 
morphological (Hubble) types.

– Broadly: Ellipticals, Spirals and Irregulars
– Ellipticals subdivided by degree of flattening 

(a/b). Es are “red and dead”, isotropic velocities.
– Spirals subdivided (early-late: a-d) by opening 

angle of arms and sometimes by the Bulge/Disk 
ratio. Spirals blue & forming stars, rotationally 
supported.

– S0s (Lenticulars) form transition: disk but no 
spiral arms, dust or star formation.

– Spirals further classified into “barred” and 
“ordinary” systems

– Peculiar galaxies that don’t fit are invariably 
associated with tidally interacting systems and/or 
mergers: Arp’s Atlas of Peculiar Galaxies.
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Morphological Classification of Galaxies

• de Vaucouleurs’ Classification of Galaxies
– de Vaucouleurs argued that Hubble’s classification 

scheme was incomplete.
– Introduction of a third dimension of “ringed” (r) 

and “s-shaped”(s)  spirals is more complete than 
just barred and ordinary.

– R indicates outer ring with f and m indicating 
“filamentary” or “massive” spiral arms 

– A numerical scheme introduced for statistical  
purposes

Hubble: E  E/S0  S0  S0/Sa  Sa  Sab  Sb  Sbc  Sc  Sd  Irr
-5   -3     -2      0       1     2     3      4    6    8    10
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Sample of Galaxy Images
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Local Group of Galaxies
• The Local Group is Dominated by 2 Large 

Spirals + Satellites
– Milky Way
– M31

• Additional Star Forming Dwarfs
– M33
– NGC 3109, IC 10, WLM
– Magellanic Clouds

• Dwarf Spheroidal Galaxies
– M31 Companions (And I, II, III)
– Milky Way Companions (SDG, Canes 

Venatici, Bootes) 
– Isolated Dwarf Spheroidals
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Resolved Stellar Populations Within Galaxies
• The LMC and Other Dwarf Irregulars
• HST imaging has revolutionized the study of 

stellar populations.
– Enables photometry of individual, faint stars in 

Local Group galaxies
• CMDs reveal mix of old vs. young stars

– Star formation rate over time

• Some CMDs reveal range of ages
• Some CMDs show distinct episodes of star 

formation.
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Resolved Stellar Populations Within Galaxies
• Dwarf Elliptical (Spheroidal) Galaxies

– Surprisingly complicated CMDs
– Evidence for range of metallicities
– Evidence for distinct episodes of star formation
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Unresolved Stellar Populations Within Galaxies
• Examples of Mixed Stellar Populations

– Unresolved and so we only measure integrated light

• Non-unique combinations reproduce the same broad-band colors
• Spectra almost as degenerate unless range of age is high
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Unresolved Stellar Populations Within Galaxies
• Age-Metallicity Degeneracy in Stellar Populations
• Blue Light from HB Stars Mimics Light from Young 

Stars
– Difficult to disentangle even with high-resolution 

spectroscopy
– High S/N Spectra are Necessary

• Presence of Emission Lines or Balmer Absorption is 
unambiguous.
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Unresolved but Simple Stellar Populations 
• Assume a Single Age and Metallicity

– How can we constrain both?

• Start with Elliptical Galaxies
– Assume Low Resolution Spectra (kinematic line broadening)
– Assume High S/N Possible

• Lick Spectrophotometric Indices
(Worthey et al. 1994, ApJS, 94, 687)
– Narrow line indices computed from 1A resolution spectra
– Sensitivity to Age and Metallicity Calibrated/Modeled
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Example Lick Indices for Stars & Galaxies

Empirical Tests and Models 
Demonstrate Sensitivity

Data for Elliptical Galaxies Indicate Enrichment in a-elements
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Lick Indices for Stars & Galaxies
Lick Index Definitions Metallicity Sensitivity

Age: < 1.0; Metallicity: > 1.0
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Fractional Contribution to Light vs. Wavelength 
• Stellar Models Reveal Fractional Contribution to SED vs. Wavelength

– Predictions Depend Strongly on Both Metallicity and Age
(Worthey: 1994, ApJS, 95,107
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Predictions of SED vs. Age & Metallicity
• Predicted Evolution Depends 

on Both Age and Metallicity
• Evolution (in color) Depends 

on Both and the Precise 
Isochrones Used

(Bruzwall & Charlot 1996)


