Phenomenological Properties of Galaxies

(Plus a digression on practical stuff | wish somebody had told me back in grad
school)




Particularly useful papers
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Bimodality an old idea?




Bimodal galaxy populations







Can we understand the Red Sequence?

Elliptical/S0 galaxies




Luminosity Profile

Surface brightness
at the effective radius

O ©

“Effective radius”
(contains half the light)




Surafce brightness (mag arcsec—2)
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Sersic Profiles

The Se'rsic profile

I(r)=Iexp[—(r/h)/m] _

n=4 (de Vaucouleurs)

Radius (kpc)

Jose Luis Sersic




M87




l FUNDAMENTAL PLANE l

b
Re o< 0%l

and its projections

SDSS sample, Bernardi et al. 2003




Projection |: Faber-Jackson




Projection II: KORMENDY RELATION

Damjanov et al. 2009




Why are they so organized? And why doesn’t
environment matter more?

Nair et al. 2010




Integral Field Spectrometer Designs







NGC5813
















Three Kinds of Ellipticals”? (Kormendy et al. 2009)




Perseus Cluster

A2218




Cappellari et al. 2011




Seminar 3: “Following the growth of
Early-type galaxies since z=1"

Nelson Padilla (PUC, Chile)




Huge Digression to Help Graduate

Students

Doing Observational Cosmology

Population Synthesis (today)
Luminosity Functions (if time,
tomorrow)

= Stuff | Wish Somebody Had Told
Me In Graduate School




How can one model and
understand evolving
galaxy spectra without
tons of specialist
knowledge?

“What is the age of a
galaxy?”




Simple stellar population - note colors!
(this has a well-defined age)







Stellar Isochrones for

a simple stellar population + Initial Mass Function
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of very hard work done by others.
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But what about...




Recent star-formation history of Milky Way
(estimated by counting open clusters)




Spectral Synthesis
You pick this

(O

The really hard work is done by other people and is all here

YOUR JOB:

1.) Pick a family of F;
2.) Pick U
Done




Your job is easy in principle
but also easy to screw up...




What star-formation history should you use?
Traditional choice = exponential

| I I
SFR «<exp(—t/7)
1.0 —7=1, 2, 4, 7 Gyr and =

— Borch et al. 2006 prescription




From the beautiful Ann Rev article on star-formation
hstories of Dwarf Galaxies by Tolstoy, Hill & Tosi (2009)




Effects of minor starbursts

new burst (5% in mass) The plot shows an underlying

1,0 - on 7=1 model at age 7 Gyr —] old stellar population with a

5% (by mass) burst added.

The lesson: even tiny bursts

screw up visible wavelength
colors!

Borch et al. 2006




Age-metallicity degeneracy Is kinda scary

The Age-Metallicity Degeneracy 285
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Figure2.  The pan-spectral nature of the 3/2 age-metallicity degener-
acy can be illustrated by considering an isochrone of 5 Gyr age, slightly
less than solar abundance. Isochrones of 3 times the age or twice the
metallicity have nearly identical spectra.




Even more scary is if you mess up the input to the models. For example, miss a phase of
stellar evolution — effect of the TP-AGB (Thermally Pulsating Asymptotic Giant Branch)




Try It for yourself!

http:/deployer.astrogrid.org/2008.2/astrogrid-cea-cec/config/galaxev/GALAXEV.html

http:/www.cida.ve/~bruzual/bc2003

http://www2.iap.fr/lusers/fioc/PEGASE.html

http:/astro.wsu.edu/worthy/dial/dial_a_model.html

http:/www.icg.port.ac.uk/~maraston/Claudia's_Stellar_Population_Model.html

We will try it NOW




Old cartoon view: Symmetric,
structured, rotationally supported,
quickly evolving young-ish bluish
galaxies. How much has changed?

Spiral galaxies




(Gavazzi et al. 2008,
ARA, 482, 42
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Here is a spectrum of the Orion nebula, taken
from Sanchez et al. 2007, A&A, 465(1), 207.
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Figure 6. Best two-component fits to the universal rotation curve (dotted line: disc; dashed line: halo). The URC beyond R, is built by linear
extrapolation according to equation (6). Notice that the extent of the RCs and the smallness of their rms errors limit the uncertainties on the
parameters ff and a to about 10 and 5 per cent, respectively.

© 1996 RAS, MNRAS 281, 27-47




Evolutionary Properties




Bar
fraction







Karl Glazebrook, SUT




Hi-z Tully-Fisher relation

MASSIV: z~1.2

> z=1 Kassin+07

_\—> z=1.2 MASSIV

z=3 Gnerucci+11

Mstar

Vmax

Amram

Karl Glazebrook, SUT

Blue circles :
fast rotators
Red squares :
slow rotators

Vergani et al. 2012
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What is the merger rate!

Fractions defined by anomalous kinematics in
SFGs:

® Forster-Schreiber et al. 2009 (SINS), ~33% at z~2
® |Lopez-Sanjuan et al. 2012 (MASSIV), 21% at z~|
® Yang et al. 2008, (IMAGES), ~26% at z~0.6

T(merg) ~ 1-2 Gyr = 0.1-0.2 per Gyr or ~ |-2
since z~2

If these are MAJOR MERGERS is this consistent with
in-situ formation being dominant!?

K lazebrook, SUT




High HX SDSS galaxies!?

Star Formation Rate (M /yr)
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Green et al. (Nature 2010): AAT/2.3m IFU data

Karl Glazebrook, SUT
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The Luminosity Function - The fundamental thing
that enters into almost every calculation




You compute a Luminosity
Function from a galaxy
survey...




SDSS has nailed this!













Not all types of galaxy are the same luminosity




End of Huge Digression




How could we forget the central black holes?










V (km s 1)

800

1200

Bower et al. 1998 - an early example

R (pc)
—100 0 100
offset=+0.0 |
O oy w0 x, Mx\xx :.
oo oo o t‘-;;-:%/xf\ o )f"‘i‘i
L L L 1 l s ’ L L L 1 ]
-2 -1 1 2

McConnell et al. 2011 — Recent synthesis

TABLE 1
KEPLERIAN Di1SK MODEL PARAMETERS

Parameter Best Fit Uncertainty Range
Black hole mass (M2) ............... 1.5 x 10° (0.9-2.6) x 10°
Disk inclination {(deg) ................ 80 75-85*
Disk PA. (deg) ....oooveviiiiiinn 83 8085
Gas systemic velocity (kms ') ...... 1125 1100-1150
Intensity law .........ooovvieiinnn.n. I(r) oc p!
I(r) inner radius (pc) ...oooviiiiiiin | 033
V(r) inner radius (pc) ...ooooiiiiin. 0.03 0.01-0.1
PSF o (arcsec) .....ooovvvviiininnnnns 0.05 0.04-0.06

* Lower mass requires lower inclination.

The M-sigma relation

M ~19 ( a )51
105M,, ~ " \200 km st/

L ooks probable that every

bulge contains a
supermassive black hole




