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The diversity of galaxy morphologies

Picture credit: NASAWhat features can you recognise here?



Galaxy morphology depends on wavelength

Picture credit: ESA

e.g. Andromeda



The Hubble Sequence 



The Hubble Tuning Fork

lenticular

The Hubble sequence holds up to z~1
Qualitative classification



A Galaxy’s Spectral Energy Distribution (SED)

UV visible far-IRnear-IR
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The Sloan Digital Sky Survey (SDSS)

Spectra of galaxies
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The Sloan Digital Sky SurveyThe Sloan Digital Sky Survey
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From pretty picture to science…
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Galaxy Morphology
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Spitzer provided images in mid-IR

Classical: Hubble Sequence
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NGC 1316

SAB0

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork
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Poster and composite images created from 
SINGS observations by Karl D. Gordon (Oct 2007)
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SINGS Team 
Robert Kennicutt, Jr. (Principle Investigator), Daniela Calzetti (Deputy Principle Investigator), Charles 
Engelbracht (Technical Contact), Lee Armus, George Bendo, Caroline Bot, Brent Buckalew, John 
Cannon, Daniel Dale, Bruce Draine, Karl Gordon, Albert Grauer, David Hollenbach, Tom Jarrett, Lisa 
Kewley, Claus Leitherer, Aigen Li, Sangeeta Malhotra, Martin Meyer, John Moustakas, Eric Murphy, 
Michael Regan, George Rieke, Marcia Rieke, Helene Roussel, Kartik Sheth, J.D. Smith, Michele 
Thornley, Fabian Walter & George Helou
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The Spitzer Space Telescope observed 75 galaxies as part of its SINGS 
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program.  The 
galaxies are presented here in a Hubble Tuning-Fork diagram, which 
groups galaxies according to the morphology of their nuclei and spiral 
arms. The designation of these galaxies and their placement in the 
diagram is based on their visible-light appearance.  The main goal of the 
SINGS program is to characterize the infrared properties of a wide range 
of galaxy types.  The images of the galaxies are composites created 
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 µm, 
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 µm.  

The infrared range probed by these and other observations 
taken for the SINGS project allows for the detailed study of 
star formation, dust emission, and the distribution of stars in 
each galaxy.  Light from old stars appears as blue in the 
images, while the lumpy knots of green and red light are 
produced by dust clouds surrounding newly born stars. The 
elliptical galaxies on the left are almost entirely made of old 
stars, while spiral galaxies like our own Milky Way are rich in 
young stars and the raw materials for future star formation.

More information can be found at: 
http://sings.stsci.edu/
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Ellipticals & Spirals

Kormendy

11

Elliptical Galaxies

Elliptical Galaxies: are almost featureless ellipses. They are predominantly made up of old stars. 
They are typically a few times more massive than the Milky Way, but there is a wide range: from 
a few percent to more than 10 times the mass of the Milky Way. They also vary in apparent 
elongation, from round to 2:1 flattened. This is mostly because of inclination.

SB ∝ r 1/n

n=4, de Vaucouleur profile

n = 2 - 10

12



Elliptical Galaxies

Classical: Hubble Sequence
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Elliptical Galaxies

Elliptical Galaxies: are almost featureless ellipses. They are predominantly made up of old stars. 
They are typically a few times more massive than the Milky Way, but there is a wide range: from 
a few percent to more than 10 times the mass of the Milky Way. They also vary in apparent 
elongation, from round to 2:1 flattened. This is mostly because of inclination.

SB ∝ r 1/n

n=4, de Vaucouleur profile

n = 2 - 10
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Ellipticals are mostly red because they have 
predominantly old stellar populations



Ellipticals are not so boring…

Surface Brightness of Ellipticals

Characteristic surface brightness profiles for Es of different luminosities

from Binney & Merrifield, section 4.3

 mag arcsec-2

Effective radius, re, is the projected 
radius within which one-half of the 
galaxies light is emitted. 

13

Shapes of Elliptical galaxies

It might be thought that the internal dynamics of elliptical galaxies would be relatively simple 
- the surface brightness distributions appear to be ellipsoidal, with a range of flattenings - 
due to rotation? or orientation? or something else?

14

Shells - seen at faint levels around most E’s	
- Origin could be merger remnants or captured satellites	
- prominent shells goes with evidence for some young stars in the galaxy

Dust - visible dust clouds seen in many nearby E’s (maybe 50% of E’s have some - 
but not much – dust)

Shells in Cen A

…and dust

Are Ellipticals really so smooth?

15

Elliptical galaxies

The shapes of the massive clouds of hot gas that produce X-ray light differ from the stellar distribution that produces the 
optical light. A powerful source of energy must be pushing the hot gas around and stirring it up. 	

A correlation between the shape of the hot gas clouds and the power produced at radio wavelengths by high-energy electrons 
suggests this power source can be traced back to a super-massive black hole in the central regions. 

HST: giant elliptical galaxy NGC 1316. 

Chandra: images of elliptical galaxies
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Some ellipticals have active black holes

Surface Brightness of Ellipticals

Characteristic surface brightness profiles for Es of different luminosities
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Lenticular Galaxies

the Virgo cluster

17

Kormendy
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NGC 3115: S0-galaxy	
Vhel = 663 km/s 	
7.2 x 2.5 arcmin	
m=9.87

Lenticular (S0) Galaxies

NGC 4371: SB0-galaxy	
Vhel = 943 km/s 	
4 x 2.2 arcmin	
m=11.79

19

Dwarf galaxies

Leo I : dSph galaxy 
Vhel = 285 km/s (260 kpc) 
9.8 x 7.4 arcmin 
m=11.2 
!
!
  
 

NGC205: dE-galaxy 
Vhel = -241 km/s (830 kpc) 
21.9 x 11 arcmin 
m=8.9

20



Spiral Galaxies

Early-Type Galaxies

Hubble’s classification scheme for early-type galaxies, based only on apparent ellipticity, is virtually 
irrelevant. Most physical characteristics are independent of ellipticity. It has proved more useful to 
focus on other properties: size, absolute magnitude and surface brightness.

cD: huge (sometimes ~1Mpc across), rare, bright objects	

Normal Es: centrally condensed objects with relatively high central surface brightness	

dE: lower surface brightness at same MB compared to Es	

dSph: extremely low luminosity and SB mostly detected in vicinity of Milky Way.

21

Spiral Galaxies

Kormendy

22

Spiral (Sa) Galaxies:

NGC 3223: Sa-galaxy 
Vhel = 2891 km/s 
4.1 x 2.5 arcmin 
m=11.9

M 104 (Sombrero), Sa-galaxy 
Vhel = 1024 km/s 
8.7 x 3.5 arcmin 
m=9

23

Spiral (Sb) Galaxies:

M 31 (Andromeda): Sb-galaxy 
Vhel = -300 km/s (750kpc) 
197 x 92 arcmin 
m=4.36

M 81: Sb-galaxy 
Vhel = -34 km/s (3.6Mpc) 
8.7 x 3.5 arcmin 
m=7.89

24



Early-Type Galaxies

Hubble’s classification scheme for early-type galaxies, based only on apparent ellipticity, is virtually 
irrelevant. Most physical characteristics are independent of ellipticity. It has proved more useful to 
focus on other properties: size, absolute magnitude and surface brightness.

cD: huge (sometimes ~1Mpc across), rare, bright objects	

Normal Es: centrally condensed objects with relatively high central surface brightness	

dE: lower surface brightness at same MB compared to Es	

dSph: extremely low luminosity and SB mostly detected in vicinity of Milky Way.

21

Spiral Galaxies

Kormendy

22

Spiral (Sa) Galaxies:

NGC 3223: Sa-galaxy 
Vhel = 2891 km/s 
4.1 x 2.5 arcmin 
m=11.9

M 104 (Sombrero), Sa-galaxy 
Vhel = 1024 km/s 
8.7 x 3.5 arcmin 
m=9

23

Spiral (Sb) Galaxies:

M 31 (Andromeda): Sb-galaxy 
Vhel = -300 km/s (750kpc) 
197 x 92 arcmin 
m=4.36

M 81: Sb-galaxy 
Vhel = -34 km/s (3.6Mpc) 
8.7 x 3.5 arcmin 
m=7.89

24

Spiral (Sa) Galaxies

face-on
edge-on



Spiral (Sb) Galaxies

Early-Type Galaxies
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Spiral (Sc) Galaxies

Spiral (Sc) Galaxies:

M 51: Sc-galaxy 
Vhel = 600 km/s 
9 x 9 arcmin

M 101: Sc-galaxy 
Vhel = 241 km/s (6.7Mpc) 
28.8 x 26.9 arcmin 
M=8.3
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Barred-Spiral (SBb) Galaxies:

M 91: SBb-galaxy 
Vhel = 486 km/s (15.4Mpc) 
5.4 x 4.3 arcmin 
m=10.96

NGC 2523: SBb-galaxy 
Vhel = 3471 km/s 
3 x 1.8 arcmin 
m=12.63

26

Barred-Spiral (SBc) Galaxies:

NGC 1365: SBc-galaxy 
Vhel = 1636 km/s 
11.2 x 6.2 arcmin 
m=10.32

NGC 613: SBc-galaxy 
Vhel = 1481 km/s 
5.5 x 4.2 arcmin 
m=10.7

27

Orientation is an important consideration

The effect of star formation, spiral arms, gas, dust

 edge-on

 face-on

28
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Irregular Galaxies

Irregular (Irr) Galaxies:

LMC: Irr-galaxy 
Vhel = 278 km/s (51 kpc) 
645 x 550 arcmin 
m=0.9

SMC: Irr-galaxy 
Vhel = 158 km/s (64 kpc) 
320 x 185 arcmin 
m=2.7

33

More Dwarf galaxies

I Zw 18 : BCD galaxy 
Vhel = 751 km/s 
0.3 x 0.3 arcmin 
!
!
  
 

Leo A: dIrr-galaxy 
Vhel = 24 km/s (800 kpc) 
5.1 x 3.1 arcmin 
m=12.92

34

Large HI halos

Dwarf irregular NGC 2915     yellow: optical     blue: HI

35

Late-Type Galaxies
Hubble’s classification scheme for late-type galaxies has proved to be very successful in organising 
our study of these objects: bulge-to-disk ratio; tightness of spiral arms; ability to resolve arms into 
stars and HII regions all correlate well with Hubble type. But so do a host of other physical 
parameters.

e.g., if we compare an Sa galaxy with an Sc galaxy of 
comparable luminosity, the Sa will be more massive, have a 
higher peak in its rotation curve (Vmax) have  a smaller mass 
fraction of gas and dust and contain a higher proportion of 
older, red stars.

36
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Dwarf irregulars 
usually have large 

HI haloes



Galaxy Mergers
Collisions: Antennae

45

Ring Galaxies

46

Starburst Galaxies

M 82, a starburst galaxy, white/brown: stellar light and dust,	

red: hot expanding gas in Hα (Subaru telescope)

I0 
Vhel = 203 km/s  
11.2 x 4.3 arcmin 
m=9.3

47

Peculiar galaxies are important too

“Peculiar” galaxies can have:	

• distortions of bulges and disks by gravitational processes	

• gas and dust in systems where unexpected, often unrelaxed	

• starbursts	

• Nearly all due to mergers or interactions with other galaxies	

• Toomre & Toomre (1972): first models of tidal encounters

Galaxies move between Hubble classes through the “peculiar” stage:	

• “peculiar” galaxies are actively forming	

• Hubble Sequence only fits passively evolving galaxies!

Don't Forget: 	

Bandpass “bias”: Hubble Sequence is defined in the blue part of the optical window!

48
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Likely the consequence of a nearly head-on collision with a smaller galaxy



Galaxy Zoo Project

See http://zoo1.galaxyzoo.org/Project.aspx

http://zoo1.galaxyzoo.org/Project.aspx


Quantitative Analysis 



Light Profiles of Elliptical GalaxiesSurface Brightness of Ellipticals

Characteristic surface brightness profiles for Es of different luminosities

from Binney & Merrifield, section 4.3

 mag arcsec-2

Effective radius, re, is the projected 
radius within which one-half of the 
galaxies light is emitted. 
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Shapes of Elliptical galaxies

It might be thought that the internal dynamics of elliptical galaxies would be relatively simple 
- the surface brightness distributions appear to be ellipsoidal, with a range of flattenings - 
due to rotation? or orientation? or something else?
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- Origin could be merger remnants or captured satellites	
- prominent shells goes with evidence for some young stars in the galaxy

Dust - visible dust clouds seen in many nearby E’s (maybe 50% of E’s have some - 
but not much – dust)
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Are Ellipticals really so smooth?
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Elliptical galaxies

The shapes of the massive clouds of hot gas that produce X-ray light differ from the stellar distribution that produces the 
optical light. A powerful source of energy must be pushing the hot gas around and stirring it up. 	

A correlation between the shape of the hot gas clouds and the power produced at radio wavelengths by high-energy electrons 
suggests this power source can be traced back to a super-massive black hole in the central regions. 

HST: giant elliptical galaxy NGC 1316. 

Chandra: images of elliptical galaxies
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I(r) = Ie exp

n

�7.67 [(r/re)
1/4 � 1]

o

equivalent to:

de Vaucouleurs’s law

The factor 7.67 is obtained after 
imposing that at r=re the intensity (I=Ie) 
must be  1/2 of total. The total is 
obtained after integrating between r=0 
and r=oo.



General Light Profiles

I(r) = Ie exp

n

�bn [(r/re)
1/n � 1]

o

Picture credit: P. Van Dokkum

3 free-parameter model

n = Sérsic index

n = 1 - exponential (pure disk)

n = 4 - de Vaucouleurs





Variations in Elliptical Light Profiles

From Bender et al. (1998)

Elliptical galaxies are not (always) perfect ellipses

Radial deviation from a perfect ellipse expanded as Fourier series 

Bender, R et al. 1998

Fourier decomposition



Variations in Elliptical Light Profiles IIEllipticals may have either a core or a cusp at their center

From A. Fontana’s lecture



Bulge and Disk Decomposition

9 

Galaxies – AS 3011 17 

Total light for 2 component system etc. 

•  including the bulge, we can describe the profile as the 

sum of a spiral and an elliptical power law: 

 Σ(R) = Σ0
(d)

 exp(-R/Rd) + Σe
(b)

 exp(-7.67 ([R/Re]
1/4 -1)) 

•  but if the bulge is rather flat (pseudo-bulge) we can just 

use a second n=1 exponential with a smaller radius: 

 Σ(R) = Σ0
(d)

 exp(-R/Rd) + Σ0
(b)

 exp(-R/Rb) 

•  for the disk-plus bulge version, we get the total 

luminosity 

L = 2π Σ0
(d)

 Rd
2 + 7.22π Re

2 Σe
(b) 

2 component system 

Galaxies – AS 3011 18 

Credit: S. Driver
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Galaxies – AS 3011 19 

Bulge to disc ratio 

•  a useful quantity to describe a spiral is the 

bulge-to-total light ratio, which we can find 

from the two luminosity terms 

type B/T 

S0 0.65 

Sa 0.55 

Sb 0.3 

Sc 0.15 

Size of a galaxy? 

•  Measuring the size of a galaxy is non-trivial 

–  Not clear where galaxy ends 

–  Some truncate and some don’t 

–  Need a standard reference 

•  By convention galaxy sizes are specified by the half-light 

radius (Re) or by scale-length (α) 

•  New quantitative classification scheme is based on the 

stellar mass versus half-light radius plane either for the 

total galaxy or for components….work in progress…  

Galaxies – AS 3011 20 



The CAS classification

Non-parametric classification (does not assume any functional form)
Typically used for z>1 galaxies 

Parametric Classification

CAS parameters: asymmetry (A), smoothness (S), and concentration (C). (Conselice 2003)

asymmetry

smoothness

concentration

Conselice+(2000); Bershady+(2000); Conselice (2003)

180  rotatedO

“blurred” image



The CAS classification (cont.)


