Luminous Matter and
Luminous Energy

The baryon budget (z=0) & The Cosmic Energy Spectrum
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Tracing the Luminous Matter and Luminous Energy

—Build an empirical description of the at all epochs
—Understand the output within the Universe at all epochs

—The Millennium Galaxy Catalogue (Medium Scale Galaxy Survey)
*A local census of 10k galaxies over 37 sq deg of sky

—The significance of galaxy structure (the modes of evolution)
—The problem of dust attenuation

—A blueprint of galaxy formation ?

—Galaxy And Mass Assembly (Legacy Scale Galaxy/Group Survey)
*Going massively multi-wavelength

—Galaxy And Mass Assembly Deep (Legacy Galaxy/Group Survey)
*Pushing back to very early epochs




Cosmological Context
Guv:'KTw

Geometry(Dynamics) = Contents(Mass-Energy)

Equation does not balance with normal luminous matter and energy.
Needs extra stuff (DM,DE) or extra effects (Modified Gravity).
Independent Observations (CMB, Snla etc) ~ No of free parameters.
Solving galaxy formation via numerics requires “knowing” the above.
The empirical approach bypasses this issue and allows one to build a galaxy
blueprint while the Dark debate goes on.

Almost all recent advances have come from empirical breakthroughs.
There is no robust (predictive) model of baryon evolution.

Technological (multi-wavelength) explosion underway =




The Millennium Galaxy Catalogue
UKIRT/LAS 8 nights
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The Millennium Galaxy Catalogue

Simon Driver (St Andrews)
Jochen Liske (ESO)
Alister Graham (Swinburne)
Ewan Cameron (ANU/St Andrews)
David Hill (St Andrews)

Chris Conselice (Nott.)
Nicholas Cross (ROE)
Roberto De Propris (CTIO)
Simon Ellis (AAQO)
Richard Tuffs (MPIK)
Cristina Popescu (UCLAN)
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~_ Driver et al (2005

ESP {(Zucca et al 1997)

The MGC probes to

al 20

fainter abs. mag al 20
because the survey has
- a fainter app mag limit

~
-
-~
- .

-19.60 +/- 0.05
-1.17 +/- 0.03
0.0184 +/- 0.05

|

-18

Absclute magnitude (M, fnag)

Faint—end slope («)




| |

BUT...still a long way to go at z=0
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— 1 1 1 EXploring galaxy structure
GALAXY SAMPLES (H_=68 km/s/Mpc)
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MGC bulge/disc decomposition

Simard et al (1998)
Allen et al (2006)

Driver et al (2005)
YJHK(UKIRT) imaging now 50% complete

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




Example 1: MGC27301
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Example 2: MGC61361
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Galaxy bimodality in (u-r)-log(n)

Bridging

. <- Number density
Stellar mass density ->
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Galaxy bimodality in (u-r)-log(n)
Driver et al, 2006, MNRAS, astro-ph/0602240
Bridging

\Wes=.  <- Number density
Stellar mass density ->




Two populations or two components ?

Cameron & Driver, 2007, in prep, see poster
- Sersic only fits soo - Bulge+disc fits
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Structure more 5°°
fundamental

than colour.
= 250
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The Component Luminosity Functions
Driver et al (2007), ApJL

| BLUE SPHEROIDS
= (pBulges+BEs ?)
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| |IIIHI‘

E =13% => Collapse

rB = 26% => or merge

D =58% => Infall
pB+BS = 3% => Secular+
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Component LFs v cos(/)
Nearly face-on galaxies only
0.1 <1-cos(/) < 0.2
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Component LFs v cos(/)
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Component LFs v cos(/)
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Component LFs v cos(/)
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Component LFs v cos(/)

0.6 < 1-cos(/) < 0.6

L
1

0.8 < 1-cos(i) < 0.7 - [ 0.6 < 1-cos(i) < 0.7

N oy
(- /] (- 1]
1] a
g £
0 0
Q O
S’ S’

?
O L?)
Q, 2,
= =

o
S el
8 - S
e ] L ]
L) S




Component LFs v cos(/)
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Component LFs v cos(/)

L A
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Component LFs v cos(/)
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Purely empirical result

Bulges severely attenuated in inclined

systems up to 2 mag ex. face-on correction !
Driver et al (2007), MNRAS, (astro-ph/0704.2140)
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NGC4565







Edge-On Lenticular Galaxy NGC 5866

-

Sombrero Galaxy « M1o4

hisRele, Hubbl
ubble
Heritage

Elliptical Galaxy NGC 1316

NASA and The Hubble Heritage Team (AURA/STScl) ® Hubble Space Telescope ACS ¢ STScl-PRC03-28

RS,




Sanity check |: cos(i) distributions
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Sanity Il: Face-on

Still need face-on
correction
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Sanity Check Il

*Shao et al (2007), astro-ph/0611714

*Choi et al (2007), astro-ph/0611607

‘Unterborm & Ryden (2008), astro-ph/0801.2400
*Maller et al (2008), astro-ph/0801.3286

‘Padilla & Strauss (2008), astro-ph/0802.0877




Popular tau=1 dust models falil

disk (B—band)

two dust—disk model; tou

= 3.8
one dust—disk model; tau = 1.0
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Old stellar bulge:

(A, R, z) = phul e\, 0, 0)exp(—7.67 B ""; B8

[ 9 D/ \ 9
JR? + 2% (a/b)?

J
R,

Young stellar disk:

R
h:diék T,

tdisk tdisk
n (A R, z) = n""(X, 0, 0) exp (—
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" .
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Dust disk associated with the old stellar disk:

1S 8 R < o
kKON R, 2) = 355(), 0, 0) e\'p( o - :l(‘jﬁ’!k) Clumpy component §

Dust disk associated with the young stellar disk:

is 8 R lZl
Kot (A R, 2) = ke (2,0,0) e\’p( hidisk :(ridisk)




Face-on corr. via dust modeling

We adopt 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

disk (B—band)

Empirical
Inclination
dependent
attenuation




Dust Attenuation
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Models imply 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).




Implications of the MGC dust
results

5. All faint galaxy photometry and size
measurements require revision!
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Impact on global B band LF

i.e., only 48% of B-band photons escape into the IGM
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— IGM starlight

{Baldry & Glazebrook 2003)
— Starlight production

(this paper)
—— Dust emission

(Dale & Helou 2002)

A SDSS/GALEX Budavari et al {(2005)

O SDSS Blanton et al (2003)

x 2dFGRS/APM Norberg et al (2002)
4 ESP Zucca et al (1997)

& MGC Driver et al (2007)

A SDSS Bell et al




— IGM starlight 4 SDSS/GALEX Budavari et al (2005)
{Baldry & Glazebrook 2003)
—— Starlight production O SDSS Blanton et al (2003)
(this paper) x 2dFGRS/APM Norberg et al (2002)
—— Dust emission A ESP Zucca et al (1997)
(Dale & Helou 2002) #e MGC Driver et al (2007)

A SDSS Bell et al




Dust attenuation versus A

Using calibrated Tuffs & Popescu model can derive
inclination-attenuation relation for any wavelength.
Attenuation still an issue in K for highly inclined systems
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Photon escape fraction averaged over
entire nearby galaxy population
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— IGM starlight 4 SDSS/GALEX Budavari et al (2005)
{Baldry & Glazebrook 2003)
—— Starlight production O SDSS Blanton et al (2003)
(this paper) x 2dFGRS/APM Norberg et al (2002)
—— Dust emission A ESP Zucca et al (1997)
(Dale & Helou 2002) #e MGC Driver et al (2007)

A SDSS Bell et al




— IGM starlight 4 SDSS/GALEX Budavari et al (2005)
{Baldry & Glazebrook 2003)
—— Starlight production O SDSS Blanton et al (2003)
(this paper) x 2dFGRS/APM Norberg et al (2002)
—— Dust emission A ESP Zucca et al (1997)
(Dale & Helou 2002) #e MGC Driver et al (2007)

A SDSS Bell et al
#* Spitzer Babbedge et al (20086)

#PSCz/IRAS/ISO Takeuchi et al (20086) 1
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— IGM starlight 4 SDSS/GALEX Budavari et al (2005)
{Baldry & Glazebrook 2003)
—— Starlight production O SDSS Blanton et al (2003)
(this paper) x 2dFGRS/APM Norberg et al (2002)
—— Dust emission A ESP Zucca et al (1997)
(Dale & Helou 2002) #e MGC Driver et al (2007)

A SDSS Bell et al
#* Spitzer Babbedge et al (20086)

#PSCz/IRAS/ISO Takeuchi et al (20086) 1




The Cosmic Energy Budget

|
. Pl’e atteﬂuated Star“ght (data) A LDO?‘,’(C Q_][ l—uk; Dlld’l"«’”—if‘l et ﬁl (2006)
—— Pre—attenuated starlight (fit)

OSDSS Blanton et al (2003)
x 2dFGRS/APM Norberg et al (2002)

— Dust emission (fit)
(Dale & Helou 2002)

O Spitzer Huang et al (2007)
¥ PSCz/IRAS/ISO Takeuchi et al (20086)

Missing starlight = Far-IR dust emission = 0.7 x103°W Mpc™
Therefore AGN heating of dust negligible at z=0

1 10 100
A(zem)




The stellar mass function
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The MGC Stellar Mass Function
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The Stellar Mass Function - % % ]
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Hubble type transformation 7!

B=0.2, D=0.8, B/T=0.2, L=1.0, Blue
Sc  (NB: cos(i)=0.0=Sa, cos(i)=1=3d)

B=0.6, D=1.2, B/T=0.3, L=1.8 Green
Sab

B=0.6, D=0.8, B/T=0.4, L=1.4, Red
Sa/So 0

B=0.6, D=0.6, B/T=0.5, L=1.2, Red
S0a




Component Stellar Mass
Functions

| The Stellar Mass Function (Components)
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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

| The Stellar Mass Function (Components)
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Component Stellar Mass
Functions

i The Stellar Mass Function (Components)
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Dark Energy * | Dark Matter
72% * 24%
(

Normal Matter
4%

Supermassive

"= | Black Holes
0.01%

Dust
0.008%

Stars in
Blue Spheroids
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— Starlight
{unattenuated)

MGC Driver et al (2007a,b) 3+ 3 3%
2dFGRS/APM Norberg et al {(2002) i
SDSS Blanton et al (2003)

SDSS Baldry et al (2008)

ESP Zucca et al (1997)
2dFGRS/2MASS Cole et al (2001)
68dFGS/2MASS Jones et al {2008)
GALEX/2dFGRS Treyer et al (2005)

Spheroid starlight

{(unattenuated) 1 3 ZGyr
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— Starlight
{(attenuated)

MGC Driver et al (2007a,b) 3+ 3 3%
2dFGRS/APM Norberg et al {(2002) i
SDSS Blanton et al (2003)

SDSS Baldry et al (2008)

ESP Zucca et al (1997)
2dFGRS/2MASS Cole et al (2001)
6dFGS/2MASS Jones et al (2008)
GALEX/2dFGRS Treyer et al (2005)

Spheroid starlight

{(attenuated) 1 32Gyr
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massive

A blueprint for,galaxy formation ?

- major mergers destroy discs so must end before
8Gyrs (coincident with second inflation?)

-37% of stellar mass (secondary mode)

- Mean age of spheroids 10-13Gyrs = AGN peak

- alpha-enhancement = short burst (AGN moderated)
- collapse inhibited during DM assembly=>downsizing

- 60% of stellar mass (dominant mode)
- coupled with falling SFR
- mean age of discs 5-8Gyrs

- ages unchanged (material just shuffled)

But what is the variance, environmental & halo mass dependencies, and
what about the neutral gas and plasma?




Optical image 21cm image
(Stars) (Gas)




Galaxy And Matter Assembly

Comprehensive
— 250 sqg degrees (5x50 sq deg. chunks), 250k galaxies (25x MGC)
General science:
— A study of structure on 1kpc-1Mpc scales, where baryon physics crucial
Specific goals:
— the CDM Halo mass function from group velocity dispersions
— the stellar mass function into the intermediate mass regime
— building total SEDs for galaxies and their components at z < 0.5
Going massively multi-wavelength:
X-ray (XMM), UV (GALEX)
Optical: ugri (VST, SDSS), spectra (AAT)
Near-IR: ZYJHK (VISTA, UKIRT)
Far-IR (Herschel), sub-mm SCUBA-II
Radio: 21cm (ASKAP or meerKAT)
Overcome secondary structural issues:
— Nuclei-Bulge-Bar-Disc-Disc Truncation decompositions

Disentangle environmental dependencies




GAMA: Contributing Facilities

HERSCHEL

UKIRT/LAS AAT/AAQ
14 nights 66 nights

SCIENCE




GAMA Deep

SUBARU/WFMOS

220 hours
SCIENCE




GAMA: Team Affiliations and Structure

Pl. Driver (St Andrews)

WORKING GROUPS/HEADS
SCIENCE CATS DATABASE OBS MOCKS RADIO SPEC. PIPE. IMAGE. PIPE.
Peacock Baldry Liske Driver Norberg Hopkins Loveday Bamford

(ROE) (LJMU) (ESO) (StAnd) (ROE) (USyd) (Sussex) (Ports.)
TEAM MEMBERS

Bland-Haw’n (U.Syd) Lahav (UCL) Tuffs (MPIA)
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GAMA12h proposed for
Deep ASKAP followup

 GAMA depth
and area well
matched to the
proposed
ASKAP deep
stare.
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SUMMARY

structure=1st order tracer of formation mechanism?

Fast/Hot mode (collapse/rapid merger) > Spheroids/AGN/SMBHs/high-[o/Fe], z > 2
Slow/Cold mode (accretion[lumpy]) > discs built slowly in field environment, z < 2-3
(DO7 ApJL)
Discs =60% Infall mode
Spheroids = 37% Collapse/Merger mode

pBulges <2%  Secular mode

0.8-2.5 mags ! (D07 MNRAS)
HTF an environmental effect of IGM & ICM ?
IGM allows disc construction via infall and dust production obscuring the bulges
ICM shuts down SF and destroys dust diminishing disc and unveiling bulge

Removing dust makes a galaxy redder and brighter (dry mergers may not be needed)

lost starlight=far-IR dust emission (D08 submitted)
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