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Galaxies 



Galaxies formation histories and their environment
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Different environment different formation histories

❖ clusters: ram pressure stripping, strangulation ....

❖ groups: minor mergers, harassment

❖ field: secular evolution, fossil groups



Different formation mechanism = different galaxy properties

❖ clusters: disk fading, nothing happens to the bulge

❖ groups: disk fading, bulge enhancement, star 
formation

❖ field: presence of bars, pseudo bulge, diffuse light, 
shells 

bulge Sersic index

colour gradient bulge-disk

B/T

bars



Unraveling galaxies structural parameters, colours, 
morphologies ...



Unraveling galaxies structural parameters, colours, 
morphologies ...

... understanding galaxies’ formation histories



Two types of galaxies?

spirals ellipticals



Three types of galaxies?

spirals ellipticals

S0s



Two distinct components

disks

formed by
cooling gas

rotational
motions

spheroids
formed by
mergers

(& secular processes)
random
motions



MegaMorph
- Address the issues with current software:

1) Implement multi-band bulge-disk decomposition
2) Incorporate non-parametric components
3) Enable accurate model selection
4) Ensure fast enough to process large surveys

(although probably needing supercomputer)

- Collaboration between astronomers, statisticians and computer 
scientists

- Funded by Qatar National Research Fund
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- This method extends current single-band fitting (GALFIT3) process by 
simultaneously using multiple images of the same galaxy to constrain a 
wavelength-dependent model.

- Explore accurate model selection and increase accuracy

- Implement multi-band bulge-disk decomposition

- Allows to push to fainter objects

- Improves fitting at high redshift

- Ensure fast enough to process large surveys



MegaMorph
Building upon existing, tried and tested, software:

GALFIT                   by Chien Peng

by Marco Barden, et al.

by Emmanuel Bertin

MultiNest  by Farhan Feroz & Mike Hobson



The value of colour information

simulated monochromatic observations



simulated colour observations

The value of colour information



Simplest assumption
! Each structural component has a single 

homogeneous SED

" components have no wavelength dependence



Simplest assumption

But…

! not true (gradients)

! not practical (too many components)

! Each structural component has a single 
homogeneous SED

" components have no wavelength dependence



Wavelength dependent structures

Each standard GALFIT parameter

" polynomial function of wavelength

 





Marco Barden et al.: GALAPAGOS: From Pixels to Parameters 7

Fig. 4. Combining “hot” and “cold” SExtractor catalogues. The two panels (upper and lower) show examples of a cold (left side) and a hot (right
side) SExtraction. Ellipses indicate the SExtractor Kron ellipses of the detected sources. Arrows mark objects from the hot (red) and the cold
(blue) catalogue that were incorporated into the combined catalogue. Additional hot sources not marked with arrows (e.g. in the upper right panel)
were excluded from the combined catalogue as described in detail in Sec. 4.1.

sources. Yet, the values from the cold run enter the combined
catalogue as deblending is the more important source of error.
Also, Galfit calculates structural parameters like the position
angle much more reliably. The lower panels in Fig. 4 show an-
other example. Again, the deblending in the hot run is bad, while
in the cold run it is correct. The faintest sources are only detected
in the hot run. Bad deblending in the hot run strongly a↵ects the

calculation of the position angle of the brightest source, while in
the cold run it is acceptable.

We developed and tested this method for the GEMS survey
(Rix et al. 2004; Caldwell et al. 2008; for tests see Häussler
et al. 2007). Subsequently, other major surveys have adopted it
as well, including COSMOS (Koekemoer et al. 2007; Leauthaud
et al. 2007) and STAGES (Gray et al. 2008). Galapagos provides

Sextractor: 

cold (blue) and hot (red) catalogue extracted 
from reference image (high S/N)

calculate correct background (input for 
GALFIT)

calculate galaxy center

find neighbours (fit them if brighter than a 
certain threshold - including stars)

Cutting stamps 

HOTCOLD



Vulcani et al 2014

Median of the
N - R distribution

r < 19.8 mag
Mr <−21.2 mag at z < 0.3

volume-limited 
sample of 14,274

low-n spheroid and disk

high-n galaxies spheroids

N ∼ 1 similar shape at all wavelengths
R ∼ 1 indicates a constant color with radius

implication for galaxy evolution ... 
careful DUST!



Keneddy 2015

High Luminosity



Keneddy 2015

Low Luminosity



Connection between colour, n and morphology

E and S0
1:1 line

gal with small 
n_r change 

more their n

reduces late 
type in the 
red cloud

Vika 2015



MegaMorph 17

respect to their accompanying disc, do not vary significantly with
Hubble type. We find that bulges in spiral galaxies typically have a
Sérsic index n ⇠ 2, except in the latest-types, where it is more usu-
ally exponential n ⇠ 1. The dominant component of ellipticals has
n ⇠ 3.5. Puzzlingly early-type discs appear to display a bimodality
with peaks around n ⇠ 1 and 4.

The observed colours of disks display a classic colour-
magnitude diagram, with a well defined red sequence, inhabited
by E-Sb galaxies, and a blue cloud corresponding to later Hubble
types. The colour-magnitude diagram for bulges is more complex.
The bulges of E-Sa galaxies lie on a red-sequence similar to their
disks, with only a small average difference in the colours of their
bulges and discs. The bulges of Sb-Sc galaxies are often even red-
der than the early-type red-sequence, indicative of dust reddening.
On the other hand, for many late-type disc galaxies we find bulges
with fairly blue colours, suggestive of recent star-formation. De-
spite this complexity, the average difference in the colours of bulges
and discs within the same galaxy is constant for all spiral galaxies,
h�(g � i)i ⇠ 0.3 mag.

Our fits permit a quantitative illustration of the notorious diffi-
culty of distinguishing between galaxies with elliptical and lenticu-
lar morphology. Most early-types are well-fitted by a combination
of a Sérsic profile and an exponential profile. It is not clear how of-
ten this exponential profile represents a genuine disc component, or
whether it reveals the presence of an extended halo or some other
substructure. Nevertheless, a significant inclined disc component is
strong indication that an early-type galaxy will be visually classi-
fied as S0 and possess fast-rotator kinematics. Unfortunately, the
lack of S0 morphologies among galaxies with face-on disc com-
ponents, despite kinematic evidence indicating the discs are real,
suggests that such systems are usually misclassified as ellipticals.

Using our artificially-redshifted images we have investigated
the range of redshift over which our fit parameters remain stable,
and hence are inferred to be reliable. We have demonstrated that the
results of our multi-band fits show less variation and are reliable to
higher redshifts than the results of fitting each band independently.
This is true even in the common single-band approach where one
first performs a full fit on a preferred band, then fixes the structural
parameters in all subsequent fits to those obtained in that preferred
band.

Our approach produces somewhat more reliable measure-
ments of the bulge Sérsic index and effective radius, although these
are both difficult quantities to measure with consistent accuracy, es-
pecially when it is not feasible to fit each galaxy interactively. More
promising is our method’s performance in recovering the bulge-
to-total flux ratio and in differentiating between the colours of the
bulge and disc. We therefore recommend the adoption of multi-
band bulge-disc decomposition, allowing studies to reliably probe
to greater distances and lower-luminosity galaxies.
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Figure 21. The axis ratio of bulge (upper panel) and disc (lower panel) as
a function of the bulge Sérsic index. The red and blue circles indicate slow
and fast rotators, respectively, as measured in Emsellem et al. (2011). Only
galaxies with both a significant bulge and disc are shown. Representative
error bars for our measurement are displayed in the top part of each panel.
See text for further discussion on the uncertainty measurements.
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An example SS



An example SS: residuals



An example BD



Variations of parameters with wavelengths
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Variations of parameters with wavelengths
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SEDs

1 2 3 4 5 6 7 8 9 10 11 12
Filter

10

11

12

13

14

m
ag

SS
D
B



Extremely Preliminar
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Extremely Preliminar
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Thank you 


