PROCEEDINGS

oF SCIENCE

The deep Swire VLA field: faint radio populations

Veronica Strazzullo * T
National Radio Astronomy Observatory
E-mail: vst razzu@r ao. edu

Maurilio Pannella
National Radio Astronomy Observatory
E-mail: npannel | @r ao. edu

Frazer N. Owen
National Radio Astronomy Observatory
E-mail: f owen@r ao. edu

We present a study of a 20cm selected sample in the Deep SWIRE-£Id, reaching a 5¢
limiting flux density at the image center 8f 4gnz ~ 13.5uJdy. In a 06 x 0.6 square degrees field,
we were able to assign a optical/IR counterpart to the vaginha(97%) of the radio sources.
The observed spectral energy distributions of these copates in up to 11 passbands from the
NUV to 4.5um were used to derive photometric redshifts and to constharstellar population
properties of the sources. We focus on the radio sample irethghift range B < z < 1.3 where
we estimate to be more than 90% complete in terms of countsraiad redshifts. The whole faint
radio population in this redshift range was divided, basethe optical/NIR spectral energy dis-
tribution, in three classes of quiescent, intermediatd,starforming galaxies, in the expectation
that quiescent galaxies have their radio flux dominated byNA@ile the radio emission from
starforming galaxies has a relevant contribution from &tamation activity. We find that, as ex-
pected, the relative contributions of AGN and starformiadpgies to theuJy population depend
on the flux limit of the sample, however at all flux levels a siigant population of intermediate,
“green—valley” galaxies is observed. While the actual retf these sources is not definitely
understood, the results of this work suggest that a sigmifitaction of faint radio sources might
be composite, transition objects, thus a simple “AGN vsfataring” classification might not be
appropriate to fully understand what faint radio populasoeally are.
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1. Introduction

In recent years, many studies have agreed in assigning \antleole to AGN feedback in
shaping the evolution of galaxies, making the co—evolutibgalaxies and AGNs a fundamental
piece in the puzzle of the general evolution of galaxy pajpouta. At the same time, deep radio
surveys have been conducted in association with multiveaxgth observations, allowing such (co—
)evolution of galaxies and massive black holes to be proibhdse deep radio surveys, for the most
part at 1.4 GHz, opened a window on the previously largelyploged LiJy populations. However,
unlike the Jy and mJy populations, which are dominated biyradd AGNs hosted by quiescent
galaxies, theuJy population appears to be increasingly dominated by diffiekénds of sources,
starforming galaxies and low—luminosity AGNSs.

The individual contribution of AGNs and starforming galesito the wholetJy population has
proved difficult to determine accurately, and still is a reatif active investigation. Deep surveys
coupling high quality radio imaging with a wide panchromatbverage recently upgraded such
investigation to a full multiwavelength approach (e.g.,B.8,12]). Together with the promise of
the new upcoming facilities, this will certainly lead to atee understanding of the real nature of
pJyradio populations.

The AB magnitude system and WMAP cosmolog= 0.27,Qa= 0.73, Hy= 71 km st
Mpc—1) are used in the following.

2. A highly complete sample of distant faint radio sources

In this work we exploit a 20cm selected sample from a very dedBHz VLA image of
the Deep Swire Field [11]. We take advantage of broad—bamdoptetry available in up to 11
passbands from GALEX NUV to IRAC 4iBn, in order to estimate photometric redshifts and
stellar population properties of the host galaxies [17]. pasticular, the comparison of the ob-
served spectral energy distributions (SEDs) with synthetisemi—empirical templates allowed us
to classify the radio sources as quiescent, intermediatstadorming galaxies, from the point of
view of the optical-NIR SED. As a reference, the restframB tllor ranges for the three classes
of quiescent, intermediate, and starforming objects apagimately 1.1-1.4, 0.9-1.1, 0.1-0.9,
respectively, while the break strenghts at 4@)4000 are about 1.6-2.1, 1.5-1.7, 1-1.3.

We focus in the following on the sample at redshif8 & z < 1.3, which is estimated to be
overall more than 90% complete in terms of counterparts aaghifts [17]. It is important to
remind that, since the Deep Swire Field is imaged with a siMiLA pointing, the rms varies as a
function of distance from the image center and thus the wtadd@® sample is not a flux—limited
sample. In the following we will restrict to flux—limited stdamples when dealing with statistical
properties of the radio sources.

3. Thenature of faint radio populations

In this work we investigate the nature of faint radio sourfresn the point of view of their
stellar populations. In fact, galaxies with a quiescent Siglical of a passively evolving stellar
population are very likely to have most of their radio flux trdsuted by an AGN. On the other
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hand, galaxies with an SED showing ongoing star formatianliaely to have at least some of
their radio flux produced by such star formation activity.eldomparison of the star formation rate
as estimated by different indicators, such as the restftdkxhand radio flux densities, yields further
information on the actual contribution of star formatiorpiowering the radio source. Nonetheless,
it is important to remind that the optical-NIR SED of a galawrgy be affected by several factors
(and most notably dust extinction) which may lead to a mgsifecation of the source in this
scheme.

In figure 1 we show the radio luminosity as a function of reftdor all radio sources in the
range 03 < z < 1.3, divided by SED class. We remind the reader that due to the-ewmlving
nature of the templates used, figure 1 shows the stellar ptipu$ status (i.e. actively starforming,
passively evolving, etcat the time of observationsvithout any evolutionary link between same—
class objects at different cosmic epochs.

As figure 1 shows, all the sub—classes of radio sources (lssildg the bluer starforming)
span a wide range in the radio luminosities probed here. Merveat all redshifts the highest
radio luminosities in the probed range are typical of lowHfstrming systems (intermediate and
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Figure 1: The 1.4GHz luminosity plotted against redshift, for obgagith 0.3 < z< 1.3. Grey points in all
panels show all data points while colored symbols show ¢&jghose photometry was best—fitted by SEDs
of different types, as indicated in each panel. We note th#his figure the “starforming” class is further
split in two sub—classes of starforming templates, “red®ferand “bluer SF”, with restframe U-B ranging
in 0.7-0.9 and 0.1-0.7, ari2h (4000 aboutx1.3, 1-1.2, respectively.
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quiescent galaxies), with starforming galaxies tendingvaid the highest radio luminosities, with
just few exceptions. Typical radio luminosities of the llgearforming are lower than the bulk of
the redder starforming, and for the most part seem to liegbsive the flux density limit of this
survey.

Figure 1 also shows how a significant part of this radio gakample is made of “interme-
diate” objects. This is more clear in figure 2 which shows thstframe U-B colors of our radio
sample between redshift 0.3 and 1.3. The left-hand pane¥sstite color—-magnitude diagram
for the whole 03 < z < 1.3 sample, with the points color-coded according to their SH3s.
The dotted line shows the separation between red sequeddelw cloud as defined for a opti-
cally selected sample [19]: of course galaxies classifiequéesscent lie on the red sequence and
starforming objects in the blue cloud. However, as showrheftux—limited sub-samples in the
right—hand panels, the peak of the restframe U-B distrilouties at the expected location of the
division line between red and blue galaxies [19], in the sfled green valley. This is likely due to
the depth of this survey which allows us to go beyond the AGhidated population, but at the
same time does not yet allow us to reach the still fainterordginosities more typical of the bulk
of normal starforming systems.

We note that, as expected, the contribution of quiescetat;nrediate and starforming systems
changes with the radio flux limit. In the shallowest sub—si@mgonsidered % 41z > 84uJdy),
the fractions of galaxies classified as starforming, intiate, and quiescent are roughly simi-
lar (33%, 36%, 30%, respectively), but eventually they beeat5%, 33%, 22% in the deepest
sub—sample§ 4cHz > 16pJy). This clearly suggests how the contributions of thevabtistar-
forming and quiescent galaxies change with the flux densitit bf the sample, with quiescent
AGN-dominated galaxies increasing their relevance inftegsamples and, viceversa, starform-
ing galaxies becoming more important in fainter samples.néte that if instead of flux—limited
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Figure 2: Left-hand panel: the restframe U-B vs B color—magnitudgmim for all sources with redshift
0.3<z< 1.3. Symbols are color coded according to best—fit SED typedisated. The dotted line shows
the division between red sequence and blue cloud from DEER2 &s in [19]. Right-hand panel: the
distribution of restframe U-B color in four flux—limited sabamples. The dotted lines mark the U-B color
of the [19] division line at the median B magnitude of eachtteld sub—sample. In each panel, the gray—
shaded histogram shows the distribution of the whole subpgawhile histograms for the different SED
classes are color—coded as in the left—hand panel.
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Figure 3: The “dust attenuation” ,;7~2.5Log(SFRadio/SFRyv) against “star formation rate” as deter-
mined from the 1.4GHz luminosity (see text for the actual niieg of the two quantities plotted). Small
symbols color coded as in figure 2 show ouB & z < 1.3 radio sample, 34 objects (95% of whom are red
or green) with A,,> 10 are not plotted. Large empty circles with errorbars shios[1.3] results (median
and 16-84 percentile range) for star forming BzK galaxieszat 2. Empty squares, diamonds and stars
show local galaxies from [2,3] (stars/diamonds symbold@rgalaxies classified as dust-rich and dust poor,
respectively). The solid, dotted and dashed lines show tiseattenuation as a function of SFR as derived
from the local optical/UV—selected sample of [6], the intediate redshift NIR/MIR—selected sample of [4]
and the low-redshift radio—selected sample of [1], respelgt

samples we consider flux ranges this trend becomes, as egrpenbre evident: if considering
just the faintest sources with flux density lhB/< S 46Hz < 24uJy less than 10% are classified
as quiescent while the fraction of actively starformingtepss has increased to more than 50%.
The U-B color distribution of this faintest sample is diffet from that of theS;, sgnz > 84uly
flux—limited sample at a99.7% significance level. On the other hand, we also remiadehder

of the different redshift distributions of populations affdrent flux density: less than 25% of
the 1QuJy< S acHz < 24udy sample is at @ < z < 0.7, compared to more than 40% of the
S .acHz > 84uJy sample (see [17] for details).

As we mentioned above, the comparison of different star &ion rate (SFR) indicators for
the sources in our sample may help us disentangling AGN- &tarformation—powered radio
emission. We show one kind of such approach in figure 3, whereampare our classification of
this radio sample with populations of starforming galaxieth regard to their radio/UV flux den-
sities. Figure 3 shows for our sample the SFR as determired fihe 1.4GHz luminosity against
the dust attenuation estimated a§A=2.5L0g(SFRadio/SFRyv). We note that the meaning of
both quantities isot well defined for the whole sample. In fact, only for galaxieBose radio
emission is due to star formation the quantity plotted asRS&ctually represents the SFR, and
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Alspoindeed is the dust attenuation. Instead, galaxies with AGMNribution are expected to have
their 1.4GHz luminosity at least partially contaminatedtihy AGN, and thus both SFR and 4,
lose their meaning for these objects. Keeping this in minid, plot allows a simple comparison to
be made between our sample and populations of star formiagiga, at different redshifts and se-
lected with different criteria (UV, optical, IR, radio). Ake figure shows, the range of attenuations
derived for our starforming objects is in very good agreetmeith other studies of star forming
galaxies [1,2,3,4,6,13]. On the other hand, while part efdhjects classified as intermediate would
also overlap with these samples, it is clear how thg,Afor the intermediate and, even more sig-
nificantly, for the quiescent sources, generally lies alibxéeexpectations, either suggesting that
these populations exhibit unusually high extinctions angared to their SFRs, or supporting the
idea that a significant fraction of their radio luminositydsntributed by AGN, thus making the
SFR and A5, estimates meaningless. Even though part of the interneed@irces might still
be very dusty starforming objects, it is useful to remindehibrat a significant occurrence of AGN
hosts among the green valley population, as well as their@aif composite (starforming+AGN),
transition systems, has been noted in several previousestye.g., [5,9,10,14,15,18]). Folding
in the available (and upcoming) X-ray and IR informationhallow us to better understand the
actual nature of these sources.
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