The Millennium Galaxy Catalogue:
Bimodality, Dust and Stellar Mass Functions

1. The Millennium Galaxy Catalogue (MGC)

2. Galaxy Bimodality = spheroid+disc dichotomy

3. Overcoming dust attenuation in the B-band

4. The stellar mass functions: galaxies, spheroids, discs

5. Some conceptual thoughts on galaxy formation...
6. Galaxy And Matter Assembly (GAMA)
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INT WEFC: 37 sq deg to B=26mag/s arcsec
~1 million galaxies

SDSS DR4: ugriz to B~25mag/sq arcsec

AAT 2dF: 10k zs to B=20 mag (96%)

GEMINI: zs for extreme-LSBGs (30%)

2dFGRS




MGC bulge/disc decomposition

o Sersic+exponential profiles+PSF convolution via GIM2D, Simard et al (1998)

10,095 gals = largest available sample, Allen et al (2006)

96% redshift completeness (AAT/GEMINI) to B=20.0 mag, Driver et al (2005)
B(INT) + ugriz(SDSS) + YJHK(UKIRT) imaging now 50% complete.

All data available online: http://www.eso.org/~jliske/mgc/
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HEALTH WARNING

1 MONTH
2 YEARSH+

10%

DO NOT BELIEVE AUTOMATED ALGORITHM OUTPUT
UNTIL AFTER DETAILED QUALITY CHECKS




MGC: Bulge Disk Decomposition, originals




MGC: Bulge Disk Decomposition, models




Example: Bad mask
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20 % of galaxies
had bad masks
and required
fixing by hand !
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Example 2: MGC61361

y (pixels)

20 40 60

x (pixels)

| LB ) | T T T T T

MGC611361
= —17.56

= —14.53]
—17.49 |

y (pixels)

1 1 1 I 1 1 1 1 I 1 1 1 1 r

Surface Brightness (mag arcsec—2)

CESE B NS | T T 1 1 Jeastsea iy

10 20 30

Radius (kpc)
x (pixels) x (pixels)




3: MGC55593
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Sanity check via repeat obs.

(a)

+/- 0.103 mag

+/- 0.132 in log(n)
+/- 0.047 in cos(i)
+/- 0.122 in R(HLR)

+/- 0.036 mag
+/- 0.041 in log(n)
+/- 0.036 in R(HLR)
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2. Galaxy bimodality in (u-r)-log(n)
Driver et al, 2006, MNRAS, astro-ph/0602240
Bridging
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Two populations or two components ?
Cameron et al (2007), MNRAS, in preparation
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Two populations or two components ?
Cameron etwalf(2007), MNRAS, in preparation
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Galaxy pops or galaxy components !

© Anglo-Australian Observatory @ Anglo#Austrtallan Observatory
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2 DISTINCT
FORMATION
MECHANISMS
AND ERAs ?
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3. Dust attenuation
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Can we quantify the severity of
dust attenuation ?

Yes!
Divide disc sample into inclination bins
Measure disk luminosity function in each bin

Plot M* v cos(i)

Can repeat for bulges using the disc inclination
Reveals the inclination dependent component




Yellow dashed
line =
reference
line

Cyan dotted
line =
original
results

Cyan solid line
= after
correction
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Purely empirical result

Bulges severely attenuated in inclined
systems up to 2 mag + face-on correction !
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Dust modeling

We fit the Tuffs and Popescu dust model and derive: tg = 3.8 +/- 0.7
(Popescu et al 2000, 2005; Tuffs et al 2004; Mollenhoff et a 2006)
Model based on UV+ugrizJHK+Spitzer data of 6 nearby galaxies
One free parameter = core dust density

disk (B—band)
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Model shows that discs are optically thick in the centre,

Hence half of bulge flux is attenuated in face-on systems

=0.75 mag, (as dust has thickness our value is 0.84).
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Impact of dust on global B LF
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Dust attenuation v wavelength

Dust still an issue
even in K, but
much better.

VISTA




4. The stellar mass function

 More
fundamental and
more useful for
comparisons to
theory.

* (g-r) an OK
predictor of M/L
(Bell & de Jong
2001)

1.5 I I I

Pegase (Model 1)
Pegase (Model 2)
Pegase (Model 3)
Pegase (Model 4)
Pegase (Model 5)

Pegase (Model 6)

e Surrounding discs

« Red bulges

o Red ellipticals

e Blue ellipticals
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MGC mass limit = 103°M,
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The MGC Stellar Mass Function
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A little higher because of
the bulge corrections ?

E SDSS (Baldry et al 20086)

% 2dFGRS (Cole et al 2001)
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Component Stellar Mass
Functions
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| The Stellar Mass Function (Components)
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5. Recipe for Galaxy Formation ?

1. DM Halo Mergers

2. Spheroid Mergers and/or Collapse (37%)
3. Disc Infall/Accretion (60%)

e Dense:

« Sparse: Gas infall, SF, dust formation, bulge
obscurred, disc blue = blue sequence (Sa => Sc)




Spheroid formation

Old population = early formation of stars
[a/Fe]-enhanced = rapid formation (AGN feedback)

SMBH-Bulge relation = formation coeval with peak
of AGN activity, z>2.5

No mini bulge-disc systems = mass regulation or
downsizing with time

— Merging: Elliptical SMF more massive than Bulge SMF
— Collapse: Elliptical SMF = Bulge MF




Component Stellar Mass
Functions
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Component Stellar Mass
Functions

| The Stellar Mass Function (Components)
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The sequence of galaxy formation

Could the main phase of DM Halo assembly precede galaxy
formation, i.e.,

or the initial halo mass function be shallow:

GAMA




6. Galaxy And Matter Assembly

Pls: Driver (St Andrews), Baldry (LUMU), Hopkins (Usyd), Liske
(ESO), Nichol (Ports.), Norberg (Edin.), Peacock (Edin.) + 16 Co-Is

Associated groups: UKIDSS LAS, VST KIDS, VISTA VIKING, ICC
Building on success of the 2dFGRS, SDSS and MGC
200 sq degrees (2x100 sq deg. chunks each 4x25deg), 250k galaxies
General science:

— A study of structure on 1kpc-1Mpc scales, where baryon physics is critical
Specific goals:

— the CDM Halo mass function from group velocity dispersions

— the stellar mass function into the dwarf regime

— determine the galaxy merger rates as a function of mass ratio
Provision of a SDSS/2MASS like public database incorporating:

— Optical: ugri (VST), spectra (AAT)

— Near-IR: ZYJHK (VISTA)

— Radio: 21cm (XNTD, SKADS)




GAMA: Survey comparison
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GAMA: Cone plot

GAMA is designed
to explore structure on

50% GAMA‘_ N\ ~ 1kpc-1Mpc scales:




GAMA: Contributing Facilities

VST/KIDS
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The CDM halo mass fn
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The GAMA Stellar Mass fn

<+— CURRENT MASS LIMIT

= © GAMA (simulated) + COMPONENT
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Summary

Automated structural analysis is here but very messy:
Bimodality best explained by not multiple populations
Must consider

(37% stars by mass)
(60% stars by mass)

Dust attenuation in B severe, especially for bulges:

Need two tweaks to CDM to make all this work (conceptually)

GAMA survey about to commence to measure Halo mass function
directly and study structure on 1Mpc to 1kpc scales:




