WHAT DO WE LEARN ABOUT GALAXY FORMATION
FROM A NEW GENERATION OF LARGE SKY SURVEYS?

Sloan Digital
Sky Survey

http://www.sdss.org
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data: Sloan Digital Sky Survey
and the Bright Star Catalog

visualization: David W. Hogg (NYU)

with help from Blanton, Finkbeiner,
Padmanabhan, Schlegel, Wherry



To make a 3-dimensional map of the galaxy distribution, we need
to be able to measure the DISTANCES to the galaxies.

Hubble’s Law

Hubble's lawr is astatement of a direct correlation between the distance
to agalaxy and its recessional velocity as determined by the red shiftf, It
can be stated as

¥ =racessional velocity
V= H“I‘ H” = Hubble constant

I =distance
The wvalue of the Hubble constant is in constant debate, but a current
value is
y = T0km /s 20km/ s Mpec = million parsecs
0= —

Mpc Mly Mly = million light vears




Astrophysical redshift occurs
when a light source moves away
from an observer.

By taking a SPECTRUM of a
galaxy and measuring the shift

of spectral lines that arise from
known atomic transitions with
respect to its expected
wavelength, as measured in a
laboratory on Earth, we measure
the recessional velocity and hence
distance to a galaxy.
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Gravitationally bound structures: Galaxy Groups and Clusters




In galaxy clusters, there 1s 10 times more gas between the
galaxies than there is in the galaxies themselves. This gas is
very hot (10° — 107 K) so it shines in the x-rays.




Which galaxy properties can we measure in
these large surveys?

1) The total luminosity of the galaxy (in 5 different photometric

bands for the SDSS)
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Evolution of the Spectral Energy Distribution of a Collection of
Stars as a function of age (in Gigayears)

T T T ' —1 Young galaxies are
BLUE (more flux at shorter
wavelengths)

Older galaxies are RED

(more flux at longer
wavelengths)




Galaxy Colour as a Function of Age and Metallicity
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Galaxy “Morphology”

Hubble’s Tuning Fork Diagram

Sa =h e




Today's large galaxy surveys require the morphology of the
galaxy to be measured not ‘“by eye”’, but in an automatic fashion.

Physical parameters versus revised Hubble type
Type gE L S0/a Sa  Sab  Sb Sbe 5  Sed 5S4 Sdm Sm Im
T -b -2 0 1 2 3 4 b 6 T 8 g 10

Am;  (a) 060 074 113 132 162 185 252 343 406 >5 - -
log Cs; 0.80 0.74 0.675 0.635 0.585 0555 052 050 048 046 045 044 0.435

Amyp = 25log{ Lr/L;) = B-band magnitude difference between total integrated luminosity

of t1/* spheroidal component and total luminosity of galaxy. (a) = 0.0 to 0.5, depending on
strength of faint disk component. From Simien and de Vaucouleurs 1986, Table 3A.

Cz1 = B-band concentration index, being the ratio of the diameters of the {circular) aper-
tures transmitting 3/4 and 1/4 of the B-band flux of the galaxy. Derived from RC3, Table

11.




In addition to images, the SDSS survey i1s obtaining a million high
quality galaxy spectra...
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STAR FORMATION

Hydrogen recombination lines (especially Hx in the optical part of the
spectrum) are produced in HII regions, zones of ionized gas around young
star clusters. Young OB stars are hot enough to produce significant

fluxes of 10onizing radiation shortwards of the Lyman limit.

In equilibrium, there will be a balance between the photo-ionization and
recombination rates, which allows us to measure the 1onizing luminosity
from a star solely from the intensity of line radiation from the surrounding
1onized gas.

The theory of stellar atmospheres predicts the number of 10nizing photons
as a function of the temperature of the star and its evolutionary stage.

If we know the mass distribution of the stars that are “born”, then

we can infer the STAR FORMATION RATE from L(H).

Kennicutt (1983) gives
SFR = L(Hx)/ 1.12 x 10 #! erg/sec






The strengths of other emission lines are sensitive to the
METALLICITY of the gas in the HII regions

Tremonti et al (2004)
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To transform from
luminosity to

STELLAR MASS, we

need to correct for the
fact the young galaxies
of fixed mass are
brighter than old
galaxies of the same
mass.

Key stellar absorption
features 1n the spectra
provide us with an
accurate measurement of
stellar age.




How do astronomers characterize galaxy properties in a
survey?

1) Luminosity function
2) Two point correlation function
3) Galaxy properties as a function of “environment”

4) Relations/correlations between galaxy properties

NEXT TIME: How do these measurements constrain the theory of
galaxy formation?




Luminosity Functions of Galaxies

e Schechter (Apd 203, p297, 1976) proposed a global fitting function for all galaxies (indi-
vidual types do not follow the Schechter-function)
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log,, ( &/ h® Mpc~2 mag-! )

Luminosity Function Estimates for 221K 2dFGRS

C ' | — T T ' | ' 1
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Blanton et al. (2003) (astro-ph/0210215)
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The Luminosity Function Split by Galaxy Colour
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The Luminosity Function Split by Galaxy Concentration
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13.2 The two-point correlation function of galaxies

The two-point correlation function &(r) is a quantitative measure of galaxy clustering and is
defined via the probability to find pairs of galaxies at a distance r:

dNpir = N2(1+&(r))dVidVs

where N, is the mean background density and dV/, and dV; are volume elements around
the two positions under consideration.

Observationally one obtains averaged over all galaxy types:

£(r) = (—)

with: v = 1.8 and r, = 5/hMpc (h = H,/100km/s/Mpc) which is valid for scales from 100kpc
to 10Mpc. Beyond 10Mpc the correlation function falls more rapidly.



Recent determinations of the 2-point correlation function

Survey ro (h~1Mpc)  »

2dBFGRS () 4,05 + 0.26 1.724+0.04
2dBGRS (1) 6.06 + 0.26 1674 0.03
SAPM 5.1+ 0.3 1.71 £ 0.06
ESP 4154+ 0.2 1671097
Ducham UKST 5.1 £ 0.3 1.6+0.1
LCES 5.06 4 0.12 1.86 £ 0.03
SDSS 6.14 4+ 0.18 1.76 £ 0.03

£(r}
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The correlation function depends on colour/spectral type
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The 2dF Galaxy Redshift Survey
Luminosity dependence of galaxy clustering
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The Effect of Environment on the Properties of Galaxies

Different ways to define ‘“evironment”:

1) Distance to the n'th nearest neighbour, with n =3 to 10.
2) Counts of galaxies with a given aperture.

3) Distance from the centers of clusters (where the center 1s usually
given by the position of the brightest cluster galaxy).

4) The velocity dispersion/mass of the group or cluster where the galaxy is
found.



Distance to n'th nearest neighbour:
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Fig. 4.—The fraction of E, S0, and 5+1 galaxies as a
function of the log of the projected density, in galaxies Mpc—=.
The data shown are for all cluster galaxies in the sample and
for the field. Also shown is an estimated scale of true space
denzity in galaxies Mpc~ 2. The upper histogram shows the

number distribution of the galaxies over the bins of projected
density.



Distance as a function of clustercentric radius....
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Colour distributions as a function of clustercentric radius
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Bimodality in colour-colour space
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Stellar age indicators as a function of stellar mass

Kauffmann et al 2003

There is a strong transition from young to old at a stellar mass of
3x 1010 M _sun



Relation between Metallicity and Stellar Mass
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Inventory of the Stellar Mass 1n the Local Universe




Where 1s the Star Formation Occurring?
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