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The Universe timeline

Big Bang TODAY

Reionisation =
z~6-12

13.5 GyrCosmic time
Redshift (z)



Galaxies in blank fields 
We know many 

hundreds of 
thousands of galaxies 

in the Universe

but we can’t resolve 
different regions in 
the vast majority of 

them

statistical treatment

(mainly) galaxy evolution

Individual sources

galaxy physics

Problem: representativeness



Galaxy Physics from 
Photometric 

Measurements



Galaxy photometry

Measure all light encircled in an aperture 
(and subtract background)

This can be done at different wavelength to measure light from 
different components (e.g., young stars, old stars, dust emission)



Dealing with images of different resolution

HKs - PSF FWHM~0.8 arscec 3.6 microns - PSF FWHM~1.9 arscec

~4.5 arcmin



Galaxy colour-magnitude diagrams

Credit: Baldry et al.

z=0

The blue and red galaxy sequences are clearly separated up to at least z~1

At higher z, red=passive is not valid any more
due to increasing importance of dust extinction



Spectral energy distribution (SED) fitting

λo= λe x (1+z)

Photometric 
redshift

Age Stellar 
Mass

Dust
Extinction

Credit: STScI

‘cheap’ alternative
 to spectroscopic 

redshifts



SED models

Empirical
Synthetic

Credit: J. Walcher

stellar
spectrum IMF



Expected photometry from templates

Credit: TAO - Bernyk et al.
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The typical SEDs of star forming galaxies

UV visible far-IRnear-IR



Dusty Galaxies

Dust in galaxies is relatively unimportant in the present 
day, but it was much more important in the cosmic past

Credit: ALMA/ESO/ESA - Coe et al.



X-rays

Chandra X-ray 
Observatory

Emission at different 
wavelengths does not 

necessarily come 
from the same part of 

the galaxy



Radio

e.g. Condon et al. 

Very Large Array (VLA)



Galaxy Physics from 
Spectroscopy



Spectra of star forming galaxies

Disc galaxies looks as you might expect 
given their colours:	

early-type spirals have older stars and 
few if any emission lines from star-
formation regions	

late-type spirals have younger stars and 
emission lines from star-formation 
regions

Spectra of disc galaxies

Typically hz~0.1hR	

Sometimes a second component can be fit to the vertical direction, as if there were a thick 
disk but inclination effects, scattered light, and a flattened halo can all mimic a thick disk.

Figure 21: The S0-galaxy NGC 4762, which has a very bright thick disk, as was first described
by Tsikoudi (1980). The z-extent indicated by the arrows is where the thin disk dominates.
On the right the outer extent of the thick disk is slanted w.r.t. the symmetry plane (producing
an approximately diamond shape), indicative of a double exponential light distribution. These
images were produced with the use of the Sloan Digital Sky Survey.

der Kruit & Searle, 1981b); in van der Kruit (1984) it is shown that this distribution can be
interpreted as a superposition of a thin and thick disk plus a small, central bulge. Recent studies
show that the scaleheight of its thick disk is 1.44±0.03 kpc and its radial scalelength is 4.8±0.1
kpc, only slightly longer than that of the thin disk (Ibata, Mouhcine & Rejkuba, 2009). The
relationship between the scalelengths of the thin and thick disk is an important constraint on
the various formation mechanisms of thick disks, as discussed below.

7.3 Kinematics and Chemical Properties

Little information is available on the kinematics and chemical properties of thick disks in galaxies
other than the Milky Way. The larger scaleheight of the Galactic thick disk means that its
velocity dispersion is higher than for the thin disk (about 40 km s�1 in the vertical direction
near the sun, compared to about 20 km s�1 for the thin disk (e.g. Quillen & Garnett, 2000).
The stars of the thick disk are usually identified by their larger motions relative to the Local
Standard of Rest, but kinematic selection is inevitably prone to contamination by the more
abundant thin disk stars. Recently it has become clear that the Galactic thick disk is a discrete
component, kinematically and chemically distinct from the thin disk. It now appears that thick
disk stars can be more reliably selected by their chemical properties.

Near the Galactic plane, the rotational lag of the thick disk relative to the LSR is only about
30 km s�1 (Chiba & Beers, 2000; Dambis, 2009), but its rotational velocity appears to decrease
with height above the plane. The stars of the thick disk are old ( > 10 Gyr) and more metal-
poor than the thin disk. The metallicity distribution of the thick disk has most of the stars with
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Scale Height

Bulges
'About half of all disk galaxies contain 
a central bar-like structure. 

'The long to short axis ratio can be as 
large as 5:1.

'When viewed edge-on: boxy shape 
(not round) of the light distribution. 

In some cases the isophotes
are squashed, and the bulge/bar has a 
peanut-like shape.

Bars

Can be quite long, with axial ratios as 
large as 5:1	

Seen edge-on, bars are flattened, boxy 
structures and can even be “peanut” 
shaped

Bulges
'About half of all disk galaxies contain 
a central bar-like structure. 

'The long to short axis ratio can be as 
large as 5:1.

'When viewed edge-on: boxy shape 
(not round) of the light distribution. 

In some cases the isophotes
are squashed, and the bulge/bar has a 
peanut-like shape.

Bars

the spectra of star-forming galaxies are characterised 
by the presence of emission lines



Spectra of passive galaxies

the spectra of ‘passive’ galaxies only has absorption lines 

due to negligible level of on-going star formation 



AGN spectra



Multi-object spectroscopy
traditionally with slits or fibres 

✓   calibrate zphot
✓   provide backbone for LSS studies
✓   study of physical properties (e.g. metallicities)



Spectral classification - the BPT diagram

AGN

star-
forming

composite



Integral Field Spectroscopy

Credit: ESO



Galaxy spectral maps

Foerster-Schreiber et al.



Galaxy spectral maps II - VLT/MUSE

Karman, KC et al.



Far-infrared spectra of dusty galaxies



Gas in the ISM

Swinbank et al.


