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Abstract. We present preliminary results of a study aimed to constrain the star formation rate and
dust content of galaxies as a function of mass at z~2, a crucial time for galaxy evolution: this is the
cosmic epoch when most of the stars in the Universe are formed. We use a sample of star forming
galaxies to perform a stacking analysis of their 1.4GHz radio continuum as a function of different
stellar population properties. Dust unbiased star formation rates are retrieved from radio fluxes. The
main results of this work are: i) Galaxies in our sample show no downsizing pattern: specific star
formation rates are constant over more than 1 dex in mass and up to the highest stellar mass probed;
ii) a model independent UV dust attenuation law is provided which can be used to retrieve UV
corrected SFR for extensive samples and hence a dust free cosmic star formation rate density.
Keywords: galaxies: formation and evolution - galaxies: star formation - galaxies: dust attenuation
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INTRODUCTION
How and when galaxies build up their stellar mass is still a major question for observational cosmology. While a general consensus has been reached in the last years on
the evolution of the galaxy stellar mass function (e.g. [1]), 0(M,z), the evolution of the
star formation as a function of stellar mass SFR(M,z) still remains unclear and debated.
UV-based star formation rates (SFR) suffer from poorly understood dust attenuation correction. IR-SFRs suffer from poor resolution of IR detectors. On the other hand, thanks
to the observed radio-IR correlation [2], and to the arcsecond resolution achievable with
interferometric observations, radio continuum turns out to be the best dust unbiased SFR
tracer. This study aims to disclose new clues on the downsizing scenario [3] and its evolution during cosmic times. Recent studies, mainly based on UV derived SFR, suggest
the persistence of the downsizing pattern, i.e the most intense star formation occurs in
low mass galaxies, out to very high redshifts (e.g. [4]).

DATA AND ANALYSIS
For this work we used the VLA-COSMOS 1.4GHz mosaic (2 square degrees,
rms«10^Jy, 1.5" resolution [5]) in combination with deep imaging in B,z (Subaru, [6]) and Ks (CFHT, Mc Cracken et al. in preparation) bands. A dust-unbiased
CPl 111, Probing Stellar Populations Out to the Distant Universe, Cefalu 2008, Proceedings of the International Conference,
edited by L. A. Antonelli, E. Brocato, M. Limongi, N. Menci, G. Raimondo, and A. Tomambe
© 2009 American Institute of Pliysics 978-0-7354-0648-3/09/$25.00

203
Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP: 131.215.225.131 On:
Tue, 19 Apr 2016 22:17:48

(B-z)„

FIGURE 1. Left: Selection diagram for star forming galaxies at T.~2 according to [7]. Right: Photometric redshift distribution [10] of the sBzK sample: the bulk is in the redshift range [1.3-1-2.5].

sample of about 32000 star forming BzK galaxies (sBzK, see [7]), with Ks<23 AB mag,
was assembled to investigate, in a crucial redshift range for galaxy evolution studies,
how star formation rate and dust attenuation depend on galaxy properties. We adopt the
same recipes used in [7] to infer the stellar population properties of the sBzK galaxy
sample. A Salpeter [8] initial mass function is used to derive stellar masses and SFRs.
About 2% of the sBzK catalog has a radio counterpart. However, these are mostly
extreme objects: AGN or ULIRG-like starbursts [9]. In order to study star formation and
dust content for the normal galaxy population, including objects undetected in the radio
image, we used median stacking as a function of galaxy properties. Median stacking,
compared to mean, is more robust against the tails of the distribution without altering
the rms that still decreases as « N ' / ^ . Total radio fluxes are retrieved by fitting a dirty
beam convolved Gaussian function to the stacked data (Fig 2).

fr
FIGURE 2. Left: Median stacking result for all the 32000 sBzK galaxies. Middle: Best fit dirty beam
convolved Gaussian function to the stacked data. The total flux recovered is 8.8±0.1/jJy. Right: Residual.

RADIO STACKING AS A FUNCTION OF GALAXY PROPERTIES
Given the large number of objects in our sample, we can also stack the radio continuum
as a function of different galaxy properties. In Fig. 3 we present our results for the radio
stacking as a function of: i) the observed B band, i.e. the restframe dust uncorrected UV
luminosity; ii) the (B-z) color which is a proxy, for galaxies at z«2, for the UV slope
of the spectral energy distribution, i.e. for the dust/metals content; Hi) the galaxy stellar
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FIGURE 3. Radio stacking versus B band magnitude (left), B-z color (middle), stellar Mass (right).

mass. Assuming that radio flux can be used as a proxy for total star formation rate we
conclude that: 1) the UV light, dust uncorrected, is poorly correlated with the ongoing
star formation activity and counter intuitively: the largest SFRs happen in galaxies with
the faintest UV light; 2) Galaxies with higher SFRs are more UV extincted; 3) Similarly
to the local Universe, more massive galaxies show higher star formation activity.

RADIO DERIVED SPECIFIC STAR FORMATION RATE
Taking advantage of the high quality photometric redshifts available in the COSMOS
survey [10] we can split our sBzK sample in two redshift bins centered at z?^l .5 and 2.1.
We removed all X-ray detections in order to avoid any possible AGN contamination [11].
Using a synchrotron emission spectral index of-0.8 we k-correct radio fluxes in 1.4GHz
luminosities. Adopting the conversion factor from the study of [2] we then convert radio
luminosities in SFRs and finally derive specific star formation rates (SSFR=SFR/M*).
Additionally, deriving UV1500 luminosities, uncorrected by dust attenuation, from the
observed B band magnitudes [7], we also compute UV-SSFR. We show our results in
the left panel of Fig. 4: i) dust free SFRs show no downsizing in our data: SSFRs are
constant over more than 1 dex in mass and up to the highest stellar mass probed (see also
[12]); ii) by correcting the UV light with a single A1500 at all the masses, a solution often
adopted in the literature, we would have produced an artificial, and wrong, downsizing
pattern for this sample too; Hi) more massive galaxies are more dust extincted.

THE DUST ATTENUATION AT 1500A
Comparing the radio-SFRs with the uncorrected UV-SFRs as a function of galaxy stellar
mass and (B-z) color, we are able to obtain a linear relation for the UV light attenuation
by dust at z?^2. [14] found a similar result for a sample of local starburst galaxies.
Our relation naturally extends their results to higher redshifts. It also nicely shows the
dust-unbiased nature of the BzK selection against, for example, the dropout technique
where: "only galaxies with ^1500 <^6 mag are blue enough in the UV to be selected
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FIGURE 4. Left: Radio derived specific star formation rate (SSFR, solid symbols) compared with the
uncorrected UV derived SSFR (empty symbols) in two redshift bins (ZR;1.5 - circles and ZR;2.1 - squares),
as a function of Log M*. Middle: UV light attenuation as a function of galaxy stellar mass. Right: UV
light attenuation as a function of B-z color (UV slope). The dotted line shows the attenuation law derived
in [7] following the Calzetti law [13] prescription.

as U dropouts" [14]. In the middle/right panels of Fig. 4 we provide the UV light
attenuation as a function of both stellar mass and UV slope: this implies a well defined
mass-metallicity/dust relation in place at z«2. The dust attenuation at 1500 A we found
is empirical, model independent and also in good agreement with the Calzetti Jaw [13].
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