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Figure 16. The star formation density in the present study. The filled circle
is our preferred estimate with the systematic and random errors included in
the error bar. This is compared with several other recent determinations of
the local SFR. The papers indicated in the legend are: H00: Haarsma et al.
(2000), C02: Condon et al. (2002), P01: Pascual et al. (2001), TM98: Tresse
& Maddox (1998), G95: Gallego et al. (1995), S00: Sullivan et al. (2000),
Se02: Serjeant et al. (2002), SNe: SFR derived from SNe are as reported by
Fukugita & Kawasaki (2003) who are also responsible for the upper limits
from neutrino observations at SuperKamiokande, G03: Glazebrook et al.
(2003) for whom we show the full range of the Hα-derived local SFR. The
dotted line shows a (1 + z)3 evolution of ρSFR for comparison. All values
have been corrected to the Kroupa (2001) universal IMF and h = 0.7.

Finally, to close off this section, we comment on the contribu-
tions to the overall ρSFR from the different classes in Table 3. It is
noteworthy that despite only contributing about 23 per cent of the
total stellar mass in the local Universe, the SF class is the dominant
class in terms of SFR density. Over 50 per cent of ρSFR comes from
this class. Likewise, it is interesting that up to 15 per cent of the
total SFR takes place in galaxies that show signs of AGN activity
(cf. Kauffmann et al. 2003c).

7 T H E OV E R A L L P RO P E RT I E S O F L O C A L

S F G A L A X I E S

We now study the dependence of the SFRs on other physical pa-
rameters of the galaxies. Most of the results we show below will
be familiar, as the general trends have been known for a long time.
The main importance of what follows is that for the first time it is
possible to derive the full distribution functions for these quantities.
This adds considerable quantitative information to what was known
before. One important point is that the results shown in this section
are only very weakly dependent on the systematic uncertainties dis-
cussed previously. We will therefore ignore these in what follows.

We start with Fig. 17, which shows the SFR distribution as a
function of stellar mass for the SF, low S/N SF and unclassifiable
classes. The figure has been volume weighted and normalized in
bins of stellar mass so it shows the conditional probability of SFR
given a stellar mass. The clear correlation between SFR and stellar
mass over a significant range in log M∗ is noticeable and will be a
recurring theme in what follows. Note that that at log M∗/M⊙ ! 10,
the distribution of SFRs broadens significantly and the correlation
between stellar mass and SFR breaks down.

In addition to the correlations between different galaxy parame-
ters, it is instructive to study 1D projections of our multidimensional
distribution functions. This enables us to address the question of how

much of the total SFR density takes place in different kinds of galax-

Figure 17. The relationship between the stellar mass and the SFR (both
inside the fibre) for all galaxies with no AGN contribution. The figure has
been volume weighted and normalized in bins of stellar mass. The contours
are therefore showing the conditional likelihood of SFR given a stellar mass.
The bin size is 0.1 × 0.1 in the units given in the plot. The red line shows
the average at a given stellar mass, whereas the blue line shows the mode of
the distribution. The dashed lines show the limits containing 95 per cent of
the galaxies at a given stellar mass.

ies. To do this we carry out the same Monte Carlo summation that
we used to derive the total SFR density, but this time in bins of mass,
concentration, size, surface density, etc. The results of this exercise
are shown in Figs 18 and 19. These show the star formation density
per bin for a set of eight different physical quantities. The bin size
is indicated in each panel. The shaded grey area shows the 68 per
cent (1σ ) confidence interval determined from the Monte Carlo and
bootstrap summations.

The top left-hand panel in Fig. 18 shows ρSFR as a function of the
central concentration of the galaxies, defined as the ratio of the radius
containing 90 per cent of the r-band light to that containing 50 per
cent. As discussed by Shimasaku et al. (2001) and Strateva et al.
(2001), this quantity correlates quite well with morphological type
for the galaxies in the SDSS. It related to other similar quantitative
measures of galaxy concentration discussed previously (e.g. Morgan
1958; Doi, Fukugita & Okamura 1993; Abraham et al. 1994). The
plot shows that the ρSFR distribution is broad and that it peaks around
the value for a pure disc R90/R50 = 2.33. The SFR density contri-
butions split into individual galaxy subclasses are shown by thin
lines as described in the legend. We see that the SF class contributes
primarily to the disc-like part of the distribution. The star formation
in AGN occurs in galaxies that are more bulge-like.

The top right-hand panel shows ρSFR as a function of galaxy
stellar mass. We can observe several interesting features here, as
follows.

(i) A considerable amount of star formation takes place in low
mass galaxies. The best-fitting Schechter function has a faint-end
slope of −0.45 and a characteristic mass of log M ∗/M⊙ = 10.95
with a possible transition to a steeper slope of αFS ≈ −0.55 at
log M ∗/M⊙ < 9.8. Approximately 50 per cent of the total SFR
takes place at M∗ > 2 × 1010 M⊙ and about 90 per cent at M∗ >

109 M⊙.
(ii) The SF class almost completely dominates the SFR budget at

masses less than about 1010 M⊙.
(iii) At masses >1010 M⊙ the majority of SFR takes place in

galaxies low S/N SF class with important contributions estimated
from galaxies that either cannot be classified or which show signs
of AGN in their fibre spectra.
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Figure 7. Upper: the UV-corrected SFR over the stellar masses for our
sample. The red line corresponds to the linear regression best fit (r = 0.70)
with a slope α = 0.91. The black-dashed lines correspond to the SFR–M⋆

relation at z = 2 and 1 by Daddi et al. (2008) and Elbaz et al. (2007),
respectively. Blue boxes correspond to Hβ based SFRs for LBGs at z ∼
3 by Mannucci et al. (2009). Bottom: specific star formation rate (SSFR =
SFR/M⋆) as a function of redshift. Black circles show the average SSFR at
a stellar mass of 5 × 1010 M⊙ from Daddi et al. (2009) and Elbaz et al.
(2007), while the black-shadowed box corresponds to the measurement of
the current study for galaxies at z = 3. The vertical lines show the measured
1σ range.

∼4.5 Gyr−1, which is larger by a factor of 2 than that of z ∼ 2 and
z ∼ 4 samples, it seems that the evolution of the SSFR peaks at z ∼
3 and then drops towards lower redshifts (Fig. 7, bottom).

Contrary to our findings, Mannucci et al. (2009), based on SFRs
derived from Hβ fluxes of LBGs, argued that z ∼ 3 LBGs do not
show a correlation between SFR and stellar mass. To investigate
this discrepancy, we include their results in Fig. 7 (top). We see that
the small number as well as the small range of the stellar masses of
the LBGs in their sample are not sufficient to reveal any correlation.
As a matter of fact, their result is in agreement with ours for a small
stellar mass bin. Indeed, if we restrict our sample to LBGs with
9 < log M∗/M⊙ < 10.3, the scatter in their sample is similar to
the one we find, indicating that there is no correlation between SFR
and stellar mass. It is the large numbers and the large stellar mass
range of our sample that enables the detection of the correlation.
A similar trend although with shallower slope is also reported by
Erb et al. (2006a) for a sample of z ∼ 2 UV selected galaxies. We
conclude that although further investigation is required, the SFR–
stellar mass relation seen in lower redshifts seems to hold for z ∼
3 LBGs. Finally, one should note that the average SFR found for
our sample (>100 M⊙ yr1) should be regarded as typical only for
IRAC detected and hence more massive LBGs.

7 SUMMARY

Using IRAC photometry for a robust sample of 196 LBGs at z ∼
3 with confirmed spectroscopic redshift, we carried out a detailed
mid-IR study of the LBG population. For our analysis, we used both
the new CB07 code that incorporates an updated prescription of the
AGB phase as well as the widely used BC03. The following results
were reached.

(i) Stellar masses. Based on the results derived by the CB07
code, we constrained the properties of the population. We find that
although the addition of the AGB phase has resulted in the reduction
of the derived stellar masses, on average by a factor of ∼1.4, the
range of the stellar masses of the LBGs is similar to that found
by previous studies. In particular, we find that the stellar masses
of the population span from M∗ ∼ 109 M⊙ for LBGs with faint
IRAC colours to M∗ ∼ 1011 M⊙ for a fraction of LBGs detected at
8 µm and for ILLBGs. The inferred ages of these massive systems
are considerably higher than the rest of the population, indicating
that they have been star forming for ∼1 Gyr. We show how the
stellar mass correlates with wavelength and find that IRAC bands
improve dramatically the accuracy of the derived M/L ratios when
compared to that obtained when using optical bands. Finally, we
show that LBGs with redder R − [3.6]AB colours have higher stellar
masses.

(ii) Number density and SMD of massive LBGs. We find that
even after the addition of the AGB phase in the SED models, a
considerable fraction of LBGs (∼15 per cent) is massive, with
stellar masses M∗ > 1011 M⊙. We calculate the number density of
these LBGs and find % = (1.12 ± 0.4) × 10−5 Mpc−3. This is ∼1.5
times lower than that predicted from previous studies, providing a
better match with current theoretical models. The SMD of IRAC
detected, optically bright LBGs is ρ = 7.08 ± 0.8 × 106 M⊙ Mpc−3,
indicating a lower limit for the SMD of the whole UV selected
population of z = 3 galaxies, ρ ∼ 1.2× 105 M⊙ Mpc−3. Comparing
our result with values from the literature, we find that LBGs at z =
3 have assembled 2–4 times more stellar mass than their high-z
siblings.

(iii) Star-formation–mass correlation at z = 3. We find a rela-
tively tight correlation between the UV-corrected SFR and stellar
mass for galaxies at z = 3. This correlation has a similar slope to that
found at other redshifts, but a higher normalization factor. We find
an average SSFR of 4.6 Gyr−1 for our sample, indicating that the
evolution of the SSFR peaks at z = 3 and drops at lower redshifts.
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