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The interplay between SF and the ISM
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Figure 3. Top: The ISM masses (in units of 1010M�) are shown for the stacked images of galaxy sub-samples within each cell of M
stellar

and sSFR (Table 1). The black number in the upper right of each cell is the statistical significance of the estimate. The ISM masses

increase strongly to higher redshift, peaking at z ⇠2.2 and in galaxies with the highest sSFR. Middle: The gas mass fractions
(M

ISM

/ (M
ISM

+ M
stellar

). Bottom: The M
ISM

versus M
stellar

and SFR and depletion time versus M
ISM

. In the Middle panel, the
derived high z SF law is the Red line. (Eq. 4). ISM depletion times are ⇠ 108 yrs (Right Panel).
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The star formation laws at  
high z are universal, and 
depend solely on the ISM 
mass 
(for massive galaxies, at least)
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The resolved  SF law at high densities
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No. 6, 2008 THE SF LAW IN NEARBY GALAXIES ON SUB-KPC SCALES 2869

Figure 15. ΣSFR vs. Σgas from this paper in colored contours (compare the middle-right panel of Figure 8) and for individual galaxies from other analyses (see Figure 14).
The diagonal dotted lines and all other plot parameters are the same as in Figure 4. Overplotted as black dots are data from measurements in individual apertures
in M51 (Kennicutt et al. 2007). Data points from radial profiles from M51 (Schuster et al. 2007), NGC 4736, and NGC 5055 (Wong & Blitz 2002) and from
NGC 6946 (Crosthwaite & Turner 2007) are shown as black filled circles. Furthermore, we show disk-averaged measurements from 61 normal spiral galaxies (filled
gray stars) and 36 starburst galaxies (triangles) from K98. The black filled diamonds show global measurements from 20 low surface brightness galaxies (Wyder
et al. 2008). Data from other authors were adjusted to match our assumptions on the underlying IMF, CO line ratio, CO-to-H2 conversion factor and galaxy inclinations
where applicable. One finds good qualitative agreement between our data and the measurements from other studies despite a variety of applied SFR tracers. This
combined data distribution is indicative of three distinctly different regimes (indicated by the vertical lines) for the SF law (see discussion in the text).

Σgas. The fit of K98 depends on the contrast between normal
spirals, ΣH2 ≈ 20 M⊙ pc−2, and high surface density starbursts,
ΣH2 ≈ 1000 M⊙ pc−2. A power-law index N ≈ 1.5 relating
SFR to CO emission has been well established in starbursts at
low and high redshifts by a number of authors (e.g., Gao &
Solomon 2004; Riechers et al. 2007). There may be reasons
to expect different values of N in starburst environments and
in our data. Starburst galaxies have average surface densities
far in excess of a Galactic GMC (e.g., Gao & Solomon 2004;
Rosolowsky & Blitz 2005). We have no such regions in our
own sample, instead we make our measurements in the regime
where ΣH2 = 3–50 M⊙ pc−2. In starbursts, the changes in
molecular surface density must reflect real changes in the
physical conditions being observed.

In our data, ΣH2 is likely to be a measure of the filling factor
of GMCs rather than real variations in surface density. On the
one hand, for our resolution (750 pc) and sensitivity (ΣH2 =
3 M⊙ pc−2) the minimum mass we can detect along a line of
sight is ∼1.5 × 106M⊙. Most of the mass in Galactic GMCs
is in clouds with MH2 ≈ 5 × 105–106 M⊙ (e.g., Blitz 1993).
Consequently, wherever we detect H2 we expect at least a few
GMCs in our beam. On the other hand, most of our data have
ΣH2 ! 50 M⊙ pc−2. The typical surface density of a Galactic
GMC is 170 M⊙ pc−2 (Solomon et al. 1987). These surface
densities are much lower than those observed in starbursts and

are consistent with Galactic GMCs filling ! 1/3 of the beam.
If GMC properties are the same in all spirals in our sample,
then for this range of surface densities we expect a power-law
index of N = 1 as ΣH2 just represents the beam-filling fraction
of GMCs. Averaging over at least a few clouds may wash out
cloud–cloud variations in the SFE. A test of this interpretation is
to measure GMC properties in a wide sample of spirals. We note
that Local Group spirals display similar scaling relations and
cloud mass distribution functions so that it is hard to distinguish
GMCs in M 31 or M 33 from those in the Milky Way (e.g., Blitz
et al. 2007; Bolatto et al. 2008). If this holds for all spirals, then
we may indeed expect N = 1 whenever GMCs represent the
dominant mode of star formation. The next generation of mm-
arrays should soon be able to measure GMC properties beyond
the Local Group and shed light on this topic. In that sense,
our measurement of N = 1.0 ± 0.2 represents a prediction
that GMC properties are more or less universal in nearby spiral
galaxies.

For our results to be consistent with those from starbursts,
the slope must steepen near ΣH2 ≈ 200 M⊙ pc−2. This might
be expected on both observational and physical grounds. CO is
optically thick at the surfaces of molecular clouds. Therefore,
as the filling fraction of such clouds for a given telescope
beam approaches unity, CO will become an increasingly poor
measure of the true ΣH2 because of the optical thickness of
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Star formation histories at high redshift
Gonçalves+12

rAB ~ 22

rAB ~ 23

rAB ~ 24

Deepest 
spectroscopic 
survey of green 
valley galaxies 
(8-9 h / pointing, 
10m) 

Absorption lines of 
r~24 galaxies to 
probe SFH



Star formation histories at high redshift
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Star formation histories at high redshift

Catinella+10

To fully understand 
galaxy evolution, 
we need to 
correlate gas 
fractions with SFH 

ALMA, SKA for gas



Conclusions

• The study of star forming galaxies at high 
redshift is fundamental for understanding 
(most of) how stars in the local universe were 
born 

• 30-40m telescopes, in combination with 
ALMA, will help us understand how distant 
galaxies converted gas into stars — including 
less massive objects 

• These telescopes will allow for a complete 
study of star formation histories of galaxies 
across cosmic time


