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How do structures form?
* bulge - disk - bar —» pseudo-bulge

* disk - bulge —» ???
Are ellipticals and bulges essentially the same?
How does environment shape galaxy structure?
How is stellar mass distributed between structure?

Can structure be used to trace evolution?
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Single-Sérsic
Photometry

o Single-Sérsic modelling

o Total size, mag, index

|

o Wavelength dep. on

iIr @ - ¢

Structural
Decomposition

o Multi-component modelling

o Bulge-Disk decompositions

|

o Stellar mass/light breakdown

structural measurements

(see Kelvin et al. 2012)
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rﬂ Galaxy and Mass Assembly
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= ~340,000
galaxies
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= ~310 deg?

"study structure
on scales of 1
kpc to 1 Mpc"

galaxy...

— clusters
— groups
— mergers
— structure
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Limits:

0.013 <z < 0.06
Me<i=17.4
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rr. Volume-Limited Sample
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Eyeball Classification
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Eyeball Classification

Early Late
1285 31% 2825 B9%

Single Multi Multi Single
715 17% 570 14% 847 21% 1978 48%
LBS
143 3.5%

Elliptical Barred Unbarred Pure Disk
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Multi-Component Models

GAMA

MO1: Single-Sérsic
MO02: De Vaucouleurs bulge + exponential disk
M03: Sérsic bulge + exponential disk

M04: Sérsic bulge + Sersic disk
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Elliptical: G346888

MO1: Single-Sérsic

y G346888 SDSSr Model: sersic
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Elliptical: G346888

MO02: De Vaucouleurs bulge + exponential disk
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Elliptical: G346888

M03: Sérsic bulge + exponential disk
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Elliptical: G346888

M04: Sérsic bulge + Sérsic disk

SDSSr Model: double
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S0a: G417433

MO1: Single-Sérsic
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S0a: G417433

MO02: De Vaucouleurs bulge + exponential disk

GAMA

G417433 Model: devexp

Detail R [e[VEL

~ 1D Measure Comp. #1 Comp. #2
i e |mage m=17.56 m=16.59 1
[ —— Model re=1.91"  re=479" ]
| n=4.00 n=1.00 i
N e =0.02 e=0.86 -
o [ 6=715° ©=375°
Q - f=0.30 =070 -
8 [ me=1621 ]
© i -
g [ 7
N :
=1 L 4
+ [ i

(o]

m ______________________________
o
= D:---‘ee===============e==========: &
T;IlllllllllIlllllllllllllllllllll; F_"
0 5 10 15 .
Radius / arcsec ﬁ

, Py
"*1'.:'.‘:’31[ .
B i




GAMA

v S0a: G417433

M03: Sérsic bulge + exponential disk
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v S0a: G417433

M04: Sérsic bulge + Sérsic disk
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v SBbc: G517070

MO1: Single-Sérsic

(35l17070“-' % SDSSr Model: sersic AVSLALEE B I B U L
N - @ 1D Measure Comp. #1 -
N " e Image m = 16.08 ”
[ o ——  Model Fe = 5.80 ]
i n=0.73 i
5 3 e=0.27 .
™ N L 6 =14.9° -
2 I d
3 [ m+ =16.08 ]
©
g ol -
E 8]
1[0y = [ N ]
<+ L _'
(8]
B k:? B |
- P X2 =178 ¢ 1
[ G:Xfw=097 N ]
F of L
[ o - f
1l_ =I L L L I L L L I il il il I il il L I L L L I L 1 L l 1 L L I= F-

4 6 8 10 12 14

Radius / arcsec

_Ih: : \. __' ¥ '. - .1-_"..-. ..I_ ‘II

b 3.1-. f ?%\ .TJ T 4.13 ?
"E" mversﬁ]y I'Fmoml < |z I UN F

- ak '\::Andi% M Aironamy i"' / ?TERNAU i ;_IA

e v ﬁ'

.-'."._]" B hx‘ - 2 .

Ty



GAMA

MO2:

G517070 R Model: devexp
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v SBbc: G517070

M03: Sérsic bulge + exponential disk
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s SDSSr Model: double
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rﬂ Model Choice

How do we select the 'best' model?
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rr. Model Choice

How do we select the 'best' model?

Bayesian Information Criterion:

BIC = y*+k-1In(n)

Thursday 23™ August 2012 Lee Kelvin

total goodness of fit
number of free parameters
number of contributing pixels
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GAMA

rﬂ Model Choice

How do we select the 'best' model?

Bayesian Information Criterion:

v> total goodness of fit

BIC = XZ —+ k . 1n(n) k  number of free parameters

n number of contributing pixels

Use visual classifications as a guide:

: e Multi Component
[ Single-Sersic } L Lowest BIC }
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Structural Results

Sérsic index
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Structural Results

Half-light radius

GAMA
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Absolute Average Effective Surface Brightness
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Early/Late type bulges

Global Measurements

Component Measurements
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Component Mass

Stellar Masses: Taylor+ 2011
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Late-type bulges share more in common with disks than early-type bulges
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Early Late
10.3  68% 92 32%
E SOa SB0a Sbc SBbcd Sd
10.0 32% 104 33% 10.7 3% 9.9 20% 102 3.8% ' 9.0 84%

Elliptical Classical Bulge.  Pseudo-Bulge Disk
10.0 32% 10.0  14% 93 6.5% 9.3 48%

Merger Secular Accretion

10.0 46% 9.3 6.5% 9.3 48%
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rr- Stellar Mass Breakdown

Mass in the local Universe:

~45.8%
~47.7%
~6.5%

Hierarchical merging
Gas accretion
Secular evolution
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rr. Summary E

Automated, fast and robust structural decomposition is essential in order
to model increasingly large galaxy datasets to a high level of accuracy.

Early-type bulges are well described by the Kormendy relation, whereas
late-type bulges do not follow this relation

- early-type bulges ~ classical bulge, late-type bulges ~ pseudo-bulge

The evolutionary processes of monolithic /merging and gas

contribute roughly equal measures of stellar mass in the local
universe.

Secular evolutionary processes contribute ~6.5% of the total stellar
mass at z < 0.06 through the creation of pseudo-bulges.

Future Work
* Bulge-Disk-Bar decomposition (ring, secondary disk, AGN, ...)
* Extension of the redshift baseline and imaging quality/depth
— HST, VST KIDS, VISTA VIKING
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VISTA VIKING

HST ACS
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rﬂ High-Redshift Modelling
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'Little Blue Spheroids’
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'Little Blue Spheroids’

Initially classified as
e carly-type
® single-component

Closer inspection:
e star-forming
® blue

Also noted as 'Little
Blue Fuzzies' in
Brough et al.
(2011)
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MA: Structural Pipeline
s masow | S 1 G M A

A Structural Investigation of Galaxies via Model Analysis

<> Decision
N

GAMA

Task

Multiple

processors? - v Join together D Module
Multiple multi-
processors? » processor
catalogues
Spawn
additional
instances of A
SIGMA and - Load SIGMA Correct
split the input o modules . d radii
Galaxy Fittin measured radll
catalogue Y Y g for the effects
equally GALFITPIPE of seeing and
between them Y N ellipticity
Prepare input > Y
catalogue Last galaxy?
Store output
data in SIGMA
main catalogue
A )
Filter the input PJ"JF.TC?
calalogue Object CreateR deteJcted?
basedon filter? scripts allowing
search criteria Future user to
(e.g.ir<19.4) construct
analysis plots \
[} Return null _ _
results For 'Object detection
For each Compress file remailning data OBJECTPIPE
galaxy: create [ outputsintoa | g columns
primary galaxy | tarball and tidy | A
file structure folder
Define _ _ _ First pass: Define
1201x1201 Cutout creation Star detection PSF creation <10 stars 1501%1501
pixel region CUTTERPIPE STARPIPE PSFPIPE detected? pixel region
around primary around primary

University (7 N\ e
f @ Radio

&l THE UNIVERSITY OF
WESTERN AUSTRALIA

Thursday 23 August 2012 Lee Kelvin

of
St Andrews Asironomy



GAMA

Spawn
additional
instances of
SIGMA and

Load SIGMA &
input catalogue

Multiple
processors?

split theinput
catalogue
equally

Input

Data

Load SIGMA
modules

60 GB mosaics N

x 3 regions

x 9 bands

x weight maps

=~5TB

Catalogue

167,600 objects

Cutout

400"x400" cutout

IIIUIJUUY —J l_\UHUJL 2012

F

PSF Creation

A

SIGMA

ral Investigation of Galaxi

N

Multiple
procaessors?

A

Y

Output

- Catalogue

- Value-added
® Chi2 tests
® Truncations
° W, e, p0

LOMpress rie
outputsintoa
tarball and tidy

Join together

GALFIT 3

2 Model Analysis

Task

<> Decision

—

) Module

Galaxy Modelling

Robust self-check

“j Object Detection

PSFEx (Empirical 2D PSF)
~50 stars used (at least 10)

Lee Kelvin

Source Extractor
Primary + Secondary
(neighbours)

Define
1501=1501
pixel region

around primary

rﬂ SIGMA: Structural Pipeline

R Wrapper:

— Source Extractor
— PSF Extractor

— CFITSIO

— GALFIT 3

Speed:

15 seconds
per galaxy
per passband
per processor
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SIGMA

Structural Investigation of Galaxies via Model Analysis

GAMA

Detail

weigh ap ! Imaging & Pointing Data

1000 1200
1000 1200
1000 1200

800
800
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/400" x 400" cutout\

600
600
600

400
400
400

Star identification

200
200
200

200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200 Emplrlcal PSF

PSF Star Sample PSF PSF Star Residuals

Galaxy detection

Sérsic modelling

Image (100 pix) Detail (100 pix) Fitting Region Model

640
640

Model self-check

600
600

560
560

\Value added results/

SExtractor PSFEx GALFIT3 _ l
Bertin+ 1996  Bertin 2011 Peng+ 2010 Model Fit Parameters
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~340,000
galaxies

GAMA

r < 19.8 mag
~310 deg?

2 ¢ ¢  GALEX MIS+ 90 =i CFHT-Vide

[ GAMA mm  ASKAP-DINGO - 2dFGRS
HERSCHEL-ATLAS © ..  SDSS-Main (spec. only) UKIDSS-LAS

— Millennium Galaxy Cat. WiggleZ - VST-KIDS/VISTA VIKING
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