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Galaxy evolution

✤ Growth of structure (DM halos)

Yang et al. (2012)
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Galaxy evolution

✤ Star formation, i.e. 
transformation of gas into stars

Madau & Dickinson (2014)

Muzzin et al. (2013)

The stellar content 
of the Universe 
grows
At late times, most 
of the stellar mass 
growth goes into 
quiescent galaxies
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Galaxy evolution

✤ Star formation, i.e. 
transformation of gas into stars

Madau & Dickinson (2014)

Compilation by Gavazzi et al. (2015)

Evolution of global SFR with 
time
Not only star-forming galaxies 
change in number density, but 
also change their activity (i.e. 
sSFR)
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Galaxy evolution

✤ Quenching

✤ Downsizing

SFing galaxies shut down 
star formation and transform 
into quiescent galaxies
This happens at earlier times 
for more massive galaxies, 
such that the galaxies 
responsible for the bulk of 
star-formation get smaller 
with time

Haines et al. (2017)
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Galaxy evolution

✤ Structural transformations
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Figure 2. Size–mass relation for galaxies at z ∼ 0.06 (SDSS; upper left) and
three redshift ranges in the UKIDSS UDS. The grayscale denotes the number
of points within each bin; dashed lines indicate the angular radii (θ ∼ 0.′′2)
below which individual size measurements have larger uncertainties. Massive,
compact galaxies (i.e., those in the lower right-hand portion of each panel)
are almost nonexistent at z = 0 but become progressively more common at
higher redshifts. The radii of galaxies with M > 1010.8 M⊙ evolve roughly as
re ∼ (1 + z)−0.89 (also see Table 2).

out to z = 1.5 have on average larger sizes than less massive
galaxies; this effect is weaker or nonexistent at z = 1.5–2.
A second and related point is that there are effectively no
massive, compact galaxies (M > 1011 M⊙, re ! 2 kpc; in
the lower right-hand region of the size–mass plot) at z = 0,

but at higher redshifts this area of parameter space becomes
progressively more populated. This simply reflects the strong
size evolution of massive galaxies found in several previous
studies and introduced in Section 1.

3.2. Star Formation as a Function of Mass and Size

Kauffmann et al. (2003, 2006) and Franx et al. (2008) showed
that the broad range in galaxy effective radii, at a given mass,
is tightly correlated with sSFR out to z = 2.5. These authors
concluded that sSFR is a tight function of stellar mass surface
density (M⋆/R

2) or velocity dispersion (
√

M⋆/re; Franx et al.
2008). Put differently, these results imply that the size–mass
relation is different for galaxies with different sSFRs.

Our sample is ideally suited to study this aspect at higher
redshifts, as it covers an area ∼18 times larger than that used by
Franx et al. (2008). We show in Figure 3 how the sSFR depends
on mass and size. It is clear that the dependence is very strong:
at a given mass, galaxies with low sSFRs (binned and plotted
as red/yellow squares in this figure) have small sizes, while
those with large sizes have high sSFRs (green/blue squares).
The effect is not only strong at very low redshift, but extends to
the highest-redshift bins. At the same time, the sizes of galaxies
with low sSFRs (red in the figure) are very small at high redshift,
consistent with results obtained by others on smaller samples
(Toft et al. 2007, 2009; van Dokkum et al. 2008; Franx et al.
2008).

Table 1 lists the best-fit slopes and normalizations of the
quiescent galaxy size–mass relations seen in Figure 3. For this
we defined “quiescent” as galaxies exhibiting sSFR < 0.3/tH ,
where tH is the age of the universe at each galaxy’s redshift,
effectively picking out the red and yellow points in Figure 3 (see
also Section 4 and the Appendix). In each redshift interval, the
median log effective radius was calculated in mass bins of width

Figure 3. Top: size–mass relation in SDSS (left panel) and in three UDS redshift bins: z = 0.5–1, z = 1–1.5, and z = 1.5–2 in the second, third, and fourth panels,
respectively. Bottom: surface-density–mass relation in the same redshift bins. In all plots, the color denotes the mean sSFR of the underlying galaxies; “faded” bins
contain two or fewer galaxies. Dashed lines indicate apparent effective radii of 0.′′2, below which (or above the corresponding surface density) individual galaxy size
measurements have relatively large uncertainties (though the binned averages are more reliable). Strong evolution is evident in the mass–size and mass–surface density
relations of low-sSFR galaxies, and the compact, dense galaxies which are clearly present in the early universe gradually vanish with decreasing redshift.

Williams et al. (2010)

Induced by internal (secular evolution, 
stellar/AGN feedback) or external 
processes (mergers, environment)
Linked to changes in SFR

Barro et al. (2014)

Van der Wel et al. (2014)
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Galaxy evolution: 
 tools
✤ Galaxy properties and scaling relations 

in the local Universe: Archaeological 
approach — boost from IFS

✤ Trace back in time the properties and 
the scaling relations: new surveys 
coming online

✤ Direct study of specific evolutionary 
processes — boost from IFS

✤ Modelling in a cosmological framework, 
e.g. semi-analytic modelling: check how 
different physical hypothesis impact on 
the properties of galaxies

Gallazzi et al. (2014)

Mannucci et al. (2010)


