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ABSTRACT

Aims. The goal of this work is to infer the star formation propestand the mass assembly process of high redsh§t{® < 2.5)
galaxies from their IR emission using the 2¢h band of MIPS-Spitzer.

Methods. We used an updated version of the GOODS-MUSIC catalog, wrashmultiwavelength coverage from 0.3 to2#4 and
either spectroscopic or accurate photometric redshifesd¥gcribe how the catalog has been extended by the additiud-dR fluxes
derived from the MIPS 24m image. We compared twoftiirent estimators of the star formation rate (SFR hereaffem is the total
infrared emission derived from 24n, estimated using both synthetic and empirical IR templatbe other one is a multiwavelength
fit to the full galaxy SED, which automatically accounts farstireddening and age—star formation activity degenesaEier both
estimates, we computed the SFR density and the specific SFR.

Results. We show that the two SFR indicators are roughly consistee the uncertainties involved are taken into account. KMewe
they show a systematic trend, IR-based estimates excedwiniif-based ones as the star formation rate increases. thitimew
catalog, we show tha#) atz > 0.3, the star formation rate is correlated well with stellaissyand this relationship seems to steepen
with redshift if one relies on IR-based estimates of the S§jRhe contribution to the global SFRD by massive galaxieseases
with redshift up to~ 2.5, more rapidly than for galaxies of lower mass, but appeaftatten at higheg; ¢) despite this increase, the
most important contributors to the SFRD at angre galaxies of about, or immediately lower than, the cheristic stellar mass;
d) atz =~ 2, massive galaxies are actively star-forming, with a me@&R=~ 300M,yr~*. During this epoch, our targeted galaxies
assemble a substantial part of their final stellar mgstfie specific SFR (SSFR) shows a clear bimodal distribution.

Conclusions. The analysis of the SFR density and the SSFR seems to supedainsizing scenario, according to which high mass
galaxies have formed their stars earlier and more rapidiy their low mass counterparts. A comparison with rendstimitheoretical
simulations of galaxy formation and evolution indicateattthese models follow the global increase in the SSFR wilkhié and
predict the existence of quiescent galaxies everral.5. However, the average SSFR is systematically underpgestiny all models

considered.
Key words. Galaxies: evolution - Galaxies: high-redshift - GalaxiBgidamental parameters - Galaxies: photometry - Galaxies:
starburst

1. Introduction ing to which massive galaxies evolve rapidly upete 1.5 and

i ) i i ) then more gradually until the present epoch, while less ivass
Answering the basic questions about the birth, formaticassn 45|axies continue to evolve, implies that massive galaxiest
build-up, and evolution of galaxies throughout cosmic tiane 46 already formed by~ 1.5. Several groups (e.4.. Faber et al.
some of the major goals of observational extragalactioastr 2007/ Brown et dl. 2007) studied the evolution of‘massiva)ga|
omy. o ies atz < 1, and their migration from the blue cloud to the red

_In the past few years, this issue has been approach@uence. We note that optical observations (Belllét al4200
with two different methods. Many previous works measurégicca et al. 2006) suggest that the number of massive galaxie
a rapid evolution in the stellar mass density betw@en- a5 well as the stellar mass on the red sequence, has nearly dou
1 andz ~ 3 (Dickinson etal.l 2003| Fontana et al. 2003|ed sincez ~ 1, in qualitative agreement with the hierarchical
2004;| Glazebrook et al. 2004; Drory et al. 2004; Fontanalet gherging scenario.

2006] Rudnick et al. 2006; Papovich el al. 2006; Yan &t al6200

Pozzetti et al. 2007) and demonstrated that a substarg@idn A parallel line of study has analyzed the rate at which galax-
(30-50%) of the stellar mass formed during this epoch. The dies form stars during flierent epochs and shown that they ex-
ferential evolution in the galaxy stellar mass functionga@d- perience an extremely active phase in the same redshiferang
(e.g.,lLilly et al.1996; Madau et al. 1996; Steidel etlal. 999
Send offprint requests  to: P. Santini, e-mail: Hopkins| 2004| Hopkins & Beacom 2006; Daddi etlal. 2007b).
santini@oa-roma.inaf.it Galaxies appear to form their stars following the so-catiesn-
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sizing scenario, in which the star formation shifts from high madsagache et al. 2003; Siebenmorgen & Krilgel 2007, and so on).
to low mass galaxies as redshift decreases. This picture wasotable problem for the reliability of IR-based SFR tracer
first introduced by Cowie et al. (1996), who studied the evoleoncerns obscured AGNs. In these objects the IR emission is
tion in theKg band luminosity function with redshift, and pro-generated by matter accretion onto a central black holesrath
poses that the most massive galaxies assemble their mdss b@n dust heating by young stars.
earlier and more quickly than their lower mass counterparts |In this paper, we use the GOODS-MUSIC catalog to inves-
which, in contrast, continue to form stars until recent éyoc tigate properties of star-forming galaxies up to redsh#tand
Later on, many other groups (e.g., Brinchmann & Ellis 200@hfer the mass assembly process from their mid-IR emis3iba.
Fontana et al. 2003; Feulner et al. 2005; Pérez-Gonzékir e paper is organized as follows. In Sect. 2, we recall the Hasic
2005; Papovich et al. 2006; Damen et al. 2009) derived contfitires of the GOODS-MUSIC dataset and explain the innovation
mations of adownsizing behaviour from the study of the specificconcerning its latest version, and we explain how it has been
star formation rate, defined to be the star formation rateipér updated with the addition of the 24n photometric band. We
mass, at dferent redshifts. However, we note that deep radigerive and compare star formation rates from IR- and fit-chase
observations (Dunne etlal. 2009) appear to conflict withdbés  estimators in Sect. 3. In Sect. 4, we present a study of the mas
nario. Thedownsizing picture also appears to contradict the hiassembly process in the high redshift Universe and a compar-
erarchical growth scenario in which the most massive sirest ison with theoretical model predictions. We finally sumrmaari
that we see today are produced by merging processes betws@nwork and our conclusions in Sect. 5. In Appendix A, we de-
smaller structures inside large-scale overdensities alt@bsed scribe in more detail how we convert mid-IR fluxes into total
when the Universe was far younger than today. infrared luminosities and compare thefdient templates used,
To reproduce this early formation of massive galaxies (se@d in Appendix B we present the error analysis performed on
Thomas et all 2005) that are already “red and dead” at highe fit—-based SFR estimates.
z, theoretical models had to introduce verffi@ent processes  Throughout this work, unless stated otherwise, we assume
of star formation and its suppression by means of actiggSa|petér (1955) initial mass function (IMF) and adopt she

galactic nuclei and supernovae quenching of cooling flowsbm concordance cosmological model(H 70 knmysMpc, Qu,
(Menci et al. | 2006;._Kitzbichler & Whitel 2007; Bower et al.- 0.3 andQ, = 0.7).

2006;| Croton et al. 2006; Nagamine et/al. 2006; Monacolet al.
2007), gravitational heating | (Khochfar & Ostriker 2008;
Johansson et al. 2009), or shock heating (Dekel & Birnboi
2006). These modelsftier slightly in their predictions mainly
because they adoptftérent processes to shut down the sta¥ 1. The new GOODS-MUSIC sample

formation.

Both stellar masses and star formation rate estimates-are\W¢ present and use an updated version of the multicolour
fected by a number of uncertainties. The measure of the sS&@ODS-MUSIC sample (GOODS MuUlticolour Southern
formation rate (SFR) is especiallyfiicult to handle. The high Infrared Catalog; Grazian etlal. 2006), extracted from thie-p
amount of energy produced by newly born stars is emittdig data of the GOODS-South survey (Giavalisco et al. 2004).
throughout the galaxy spectral energy distribution (SE@yn In the following, we shall refer to this version of the catalks
X-rays to radio frequencies. Since we are of course unable@ODS-MUSIC v2, to dierentiate it from the former public
directly measure the total light emitted by young and massiversion, which is named v1 hereafter. The new version is also
stars, calibration factors and corrections are appliedstonate made publicly availablg.
its value for any of these frequency ranges (Kennicutt 18eH; The 15-bands multiwavelength coverage ranges from 0.35 to
2003; Calzetti 2008). One of the most commonly used estim24 um, as a result of the combination of images frorffatent
tors is the UV rest-frame band, where young and massive starstruments (2.2ESO, VLT-VIMOS, ACS-HST, VLT-ISAAC,
emit most of their light. However, dust absorbs, reprocessed Spitzer-IRAC, Spitzer-MIPS). The catalog covers an area of
re-radiates UV photons at near-to-far IR wavelengths. lend43.2 arcmiflocated in the Chandra Deep Field South and con-
the reliability of UV luminosity as a SFR tracer depends osists of 15208 sources. After culling Galactic stars, ittaors
large and uncertain corrections relying upon the dust ptase 14 999 objects selected in either thband or theKs band or at
which are not yet clearly known (Calzetti el al. 1994; Cdlzet4.5um.

1997,/2001). Moreover, the UV-upturn atshortward of 2500  The whole catalog has been cross-correlated with spectro-
A (e.g.,[Han et dll 2007), especially in elliptical galaxiean scopic catalogs available to date, and a spectroscopitifeds
potentially bias the SFR estimate at very low redshift. 8indas been assignedtd2 % of all sources. For all other objects,
the most intense star formation episodes are expected to oage have computed well-calibrated photometric redshiftsgia

in dusty regions, most of the power originating in star-forgn  standardy? minimization technique for a large set of synthetic
(SF) galaxies is emitted in this wavelength range, and trst dgpectral templates.

emission peak is the dominant component of SF galaxies SEDs The previous version of the catalog and procedures adopted
(Adelberger & Steidel 2000; Calzetti et/al. 2000). Thus, ppo to determine the photometric redshifts and physical prigeer

lar approach consists of adopting a conversion betweerothe ¢f each object were described at length in Grazianlet al.§R00
tal emitted IR luminosity (iz hereafter) and a star formationand Fontana et al. (2006). With respect to the previousagtal
rate estimation that is uffacted by dust obscuratian (Kennicutive have performed a set of improvements to the opticalifear-
1998). data, the major ones being:

The total infrared luminosity is generally estimated by eom
paring observed SEDs and synthetic templates, althoughiemp 1 the catalog is available in electronic form at the CDS
cal conversions have sometimes been used (Takeuchi e0&k. 2Qia anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) via
Bavouzet et al. 2008). A variety of filierent libraries are useditpy/cdsweb.u-strasbg/fgi-bingcat?JA+A/. It is also possible to
for this purpose (e.g., Chary & Elbaz 2001; Dale & Helou 2002iownload the catalog at the WEB site hffic.mporzio.astro.igoods.

2! The data sample
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— In addition to objects selected in the A@8nd in the ISAAC by an unresolved central source. These sources typically
Ks bands, we have also included objects selected from the have spectra classified as narrow-line AGNs. The optical
IRAC 4.5um image, hence including sources detected at 4.5 morphologies of all remaining X-ray sources do not show

um but very faint or undetected evenkiy band. A full de- a dominating central point like source, and — where avail-
scription of these objects is beyond the scope of the present able — have typically spectra classified as emission-liae st
paper and will be presented elsewhere. forming galaxies. These objects have been retained in our

— We have revised the photometry in the four IRAC bands us- galaxy sample.
ing an updated version of the PSF-matching kernels, as re-
leased by the Spitzer Science Center. As a consequence, welThe major new ingredient of this new version of the
also adopted a larger kernel, to fully account for the larggOODS-MUSIC catalog, however, is the inclusion of the
tails of the IRAC PSFs. 24 ym photometry for all galaxies in the sample, which is the
— We have adopted a revised procedure for estimating th&in focus of the present paper. We describe the adopted-proc
background in the IRAC images. Using the objects’ posiéures and results in the following.
tions and IRAC fluxes from the GOODS-MUSIC v1 catalog,
we have created realistic simulated images in the four IR
bands by smoothing sources to the nominal IRAC PSFs.%ﬁZ' MIPS 24 um catalog
accurate background estimation has been performed by swe have extended the GOODS-MUSIC catalog with the addi-
tracting these simulated images from the original ones afdn of the mid-IR fluxes derived from the public 24n im-
by linearly interpolating the residual emission. Sincedlie age of the Multiband Imager Photometer for Spitzer (MIPS,
erage value of the apparent IRAC background is negatiiRieke et all 2004) onboard the Spitzer Space Telescope.rAs fo
this has led to an increase in the adopted background, wiie IRAC images, given the very large PSF of this imag&.@
respect to the GOODS-MUSIC v1 version. arcsec), to properly detect and de-blend objects we had to em
- These two changes have modified the IRAC photometploy a PSF-matching technique, which is performed by the sof
Because of the new kernels, the brightest objects havevare ConvPhof (De Santis etlal. 2007). This algorithm messsur
higher flux and a typical fiset in magnitude of 0.23, 0.14,colours from two images of fierent qualities by exploiting the
0.22, 0.35, respectively in the 3.6, 4.5, 5.8, andn8 im-  spatial and morphological information contained in thehieig
ages, with respect to the GOODS-MUSIC v1 catalog, whigiesolution image.
agrees with the analysisof Wuyts et al. (2008). THis is When applying ConvPhot to our case, each object was ex-
largely mitigated for fainter galaxies, since the highetkba tracted from the high resolutiarband ACS-HST (PSF 0.12)
ground now adopted has led to an underestimate of thgifage, which was used aspaior to extract the objects’ posi-

fluxes. . ~ tions, filtered with a convolution kernel, and finally scaleda
— Overall, the revised IRAC photometry has a modest impagt minimization over all the image pixels to match the intensit
on the estimate of photometric redshifts, sin@gotv> —  in the MIPS image. To fully use the positional informatiortioé

Zpnot v1) ~ 0.01+ 0.16 for the whole sample and 0.01+ ACS images, and maintain consistency with theelected sam-
0.03 when a 3—clipping analysis is performed (see alsgle, we used the band ACS-HST data asprior, augmented
Wuyts et al.|(2008)). by artificial objects placed where galaxies detected onlit4n

— A more informative test of the photometric redshift accuor 4.5um were located. In our case, the MIPS-Spitzer and ACS-
racy comes from the enlargement of the sample of gala¥ST images have pixel scales of 1.2 and 0.03 aypses, which
ies with spectroscopic redshifts, which we obtained byieans that it is impracticable to use ConvPhot even with fast
adding new spectra from public surveys (Vanzella et akorkstations. To make the computation feasible, we relinne
2008;/ Popesso etial. 2009). In addition, we have also hgg ACS detection image by a factox@ (0.24 arcsepixel). In
access to the spectra of the GMASS survey (Cimattilet @gions where the crowding of taletected sources was signifi-
2008), prior to their publication. The final sample now incant, the fit may become unconstrained or degenerate beshuse
cludes 1888 galaxies, three times larger than the spectiige large size of the MIPS PSF. To prevent this, we placed an ad
scopic sample in Grazian et &l. (2006). The additional spegitional constraint on the fitted fluxes that must be non-tiega
tra are mostly relative to galaxies that are both fainter arfr the objects whose flux is forced to be zero, we provide an up
at higher redshift than in the original sample. Without siger limit derived from the analysis of the mean rms in the cbje
nificant refinements in the adopted templates, we then figgea.
that the absolute scatt@xz] = |Zspe — Zphot|/(1 + Zspe) has a The behaviour of ConvPhot in these extreme applications
slightly larger average value. Quantitatively, the averal- was tested with several simulations, which were descrityed b
solute scatter is noWAz) = 0.06, instead of 0.045 obtainedDe Santis et al! (2007). These tests indicated that the aigtin
for the GOODS-MUSIC v1 catalog. However, when only thenagnitudes are biased by neither thé&atent qualities of the

brightest galaxies are considered, we find comparable saly@o images nor the undersampling of the high resolution inag
with respect to_Grazian etial. (2006)Az) = 0.043). We after rebinning.

have verified that this is due to an increased number of out- Finally, from visual inspection of sources with unusual
liers, as shown by a8-clipping analysis, which provides colours, we removed 30 objects from the catalog whose flux
(IAZ) = 0.027 and 32 for the complete datasets of v1 angyas incorrectly assigned. By examination of the residuaés,
v2 catalogs, respectively. also verified that there is no significantly bright sourcehe t

— We have removed Galactic stars and performed a more cai@PS image apart from the ones considered. We detected 3313

ful selection of the gala>_<y sample to identi_fy AGN sourceg~ 22% of total) detected objects and 11 84178%) 1 upper
For the latter, we have first removed all objects whose sp@fnits.

tra show AGN features. Then, we have cross-correlated our pespite the validation tests providing satisfying resukts
catalog with the X-ray catalog of Brusa et al. (2009), and remphasize that the intrinsic limitations due to the poocoleton
moved all X-ray detected sources whose flux is dominateglthe MIPS image cannot be completely overcome, in particu-



4 P. Santini et al.: Star formation and mass assembly in Edshift galaxies

lar for sources blended even in thetection image, i.e., sources
whose profiles overlap in the ACAmage. In this case, the sep- R

; ; L . J
aration between the two — or more — objects can become evert® E

smaller than the positional accuracy of the MIPS imagestlaad i :E—::
association between tteedetected and the MIPS sources relies =
on the accuracy of the astrometric solution. To check fospos 100 5 Yo e 3

ble misidentifications, we associated each source with adlag
quantify the number of possible contaminants, diedént dis- 5

tances. This flag was attached to the public catalog and we cdfl | o
tion the user to check for possible systematic errors. Thaltse ™ :
that we shall present in the following are insensitive toitftobu- > [ ¢

T
1

sion of the most blended sources, which have therefore et bes f
removed. n r ; E
N
It may be interesting to observe th&eet of this proce- %

T
1

dure on the 24/m number counts, shown in Fig. 1. We present | }I
both the counts derived by ConvPhot as well as those obtained®* b

T ]
by a SExtractor catalog, which was produced by adopting cor- * ConvPhot 1’ ]
rected aperture magnitudes at 6 arcsec. The blue shaded re- ; 1
gion shows the 24m counts froni Papovich etlal. (2004). They oo p © SExtractor E
counted sources in five fiérent fields (CDFS among them) us- T T
ing DAOPHOT software. The green solid line (error bars are no 10 100 1000 10¢
large enough to be seen) represents Shupe et al.|(2008)scount ol 9Y ]

in the SWIRE field performed by SExtractor. ConvPhot (black

dots) provides consistent results with both the previouswb Fig. 1. 24 um flux number counts measured by ConvPhot (black
other authors to the lowest fluxes and our SExtractor cataéa) fjjled circles) and SExtractor (red empty circles). Errordiaave
circles) atF > 100Jy. been computed as the square root of the number of objects in

The agreement at bright fluxes confirms the results of tg&ch bin. We compared our results to Papovichet al. (20a#) an
simulations and validation tests presented in_De Santik etaluPe et al. (2008) 24m counts (blue shaded region and green
(2007) and shows that the fluxes estimated by ConvPHEE: respectively).
agree with those estimated by an independent detection with
SExtractor for sources that are not severely blended. For th

blended fraction of the objects, however, the fluxes estédhhy one released by the GOODS Tdan{Chary [2007), who

B e o e gt adopted @ sl source extacion echmiaue. The over.
’ all agreement was good with a smallffset in both

24um image alone. cases {(F24.umcoops-music/F24mrireworks) ~ 1.2 and
Itis more interesting to consider the behaviour at faintékix (F24:m coops-music /F24.m pbrs) ~ 0.91).

where the a priori knowledge of the object position, becaise

the use of the,, Ks and 4.5um images for the detection, al- .

lows us to obtain flux estimate at much fainter limits, redu@-3- The data selection

ing the efects of blending and confusion. As expected, indeels pointed out above, we removed from our catalog Galactic
SExtractor counts decline al00uJy, where the confusion limit gio-< and both spectroscopic or X-ray detected AGN sources.

prevents the detection of fainter sources, while ConvPlmi/ia Moreover, we only consider the redshift range 0.3 — 2.5. From
us to complete our detection to even deeper limits. ConvPrf[;nS samp'le we consider the following two subsamples:
number counts present a double slope, with a break point lo- ’

cated at~100 uJy, which we consider to be an intrinsic prop- _ the purelyKsselected sample, subsample A, consists of

erty of the sample. The slope and the normalization at the fai : ; ;

end agree with the estimates; of Pap_ovich etal. (2004), wies ca IZZSOZ galza:)xgsé)%)t/haer? g ’1968211(%2 ?2314 gg;?gcrtlgg Z\rllwgg)p er
fully computed a correction for the incompleteness due tr po Iim4}iltr'n

resolution at faint limits. Papovich et/al. (2004) and sujpsmt subsample B was created by performing the following cuts:

papers (e.gl, Le Floc’h etial. 2005; Pérez-Gonzalez @Gi5; 7< 26 0K, < 235 0rmys < 23.2. Itincludes 7909 galaxies,

Papovich et al. 2006; Marcillac et/al. 2006; Bell ef al. Z0&st)- : : ;
mated that the source detection in MIPS-CDFS is 80% complete ?é;ng;alnlng7(jja;)r:Lepsgmigei}ttsecuons with fzm > 20

at 83uJy or so, which typically corresponds 8N ~ 28 - 30
in our fitting procedure. For consistency with these works, w
therefore distinguish between objects with fluxes abowsditmit
and those detected at lowSyN, to fluxes as low as-20 uJy, 3. Comparison between SFR indicators

which corresponds to our flux count limit. The medig at . . . .
this flux limitis ~ 67, although a tail is present at lower vaIue%n this section, we presentfiirent methods to estimate the star

of S/N that is caused by source blending. Nevertheless, this t&{paélpntrate and compare the results obtained from tierdi
includes only a small number of objects. entindicators.

Finally, we cross-correlated our 24m catalog with 2 GOODS-South MIPS 24 micron source list v0.91 from GOODS
both the FIREWORKS catalog (Wuyts et al. 2008) and th#ata release (DR3).
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3.1. SFR estimators: IR-, fit— and UV-based SFR In our analysis, we estimated star formation rates (alotg wi
stellar masses) using Bruzual & Charlot (2003) synthetidimo

Based on the assumption that most of the photons originat ¢, fitting the whole 14 bands of photometry (from théband

in newly formed stars are absorbed and re-emitted by dust, {§ g ;m) " We parameterize the star formation histories with a

mid-IR emission is in principle the most sensitive traceti® 5 iety of exponentially declining laws (of timescalesang-
star formation rate. In addition, a small fraction of unabsa ; g from 0.1 to 15 Gyr), metallicities (from Z 0.02 Z, to

photons will be detected at UV wavelengths. A widely used SFR_ 5 g Z.) and dust extinctions (& E(B-V) < 1.1, with a

indicator is therefore based on a combination of IR and UV Iig5 7t or Small Magellanic extinction curve). Detaile given
minosity, which supplies complementary knowledge of t12 st Taple 1 of Fontana et al. (2004),lin Fontana ét'al. (2006) an

forn];';mon process._(Iglesias-Paramo etal. 2006, Calettl i, (Grazian et al. (2006, 2007). With respect to these recipes
2007). For 24um detected sources, we estimated the instantgsy gifference in our method is the adoption of a minimum age
neous SFR using the same calibration as Papovich et al.(20Q¢; 1 Gyr. Below this value, the relation between UV lumiips
and Bell et al.((2005): and star formation rate changes rapidly with the age of #ikast
population, leading to very high values of inferred SFRs.ae
aware that exponential star formation histories may nothiee t
correct choice in some cases. However, modeling in detail th
Lbo = (22X Lyyv + LiR) (2) star formation history of our galaxies is beyond the scopbef
present paper, whose aim is to compare the star formaties rat
We computed I by fitting 24um emission to Dale & Helou derived from the IR emission with those based on the widely
(2002) (DH hereafter) synthetic templates, which are widelised SED fitting procedures. In the following, we refer tethi
adopted in the literature. In Appendix A, we compare these v&FR estimation as SER
ues with the correspondingd_predicted by dierent model li- We have also fitted our data using the Maraston (2005)
braries |(Chary & Elbaz 2001; Polletta etlal. 2007). We ineludMRO05) and Charlot & Bruzual (in prep., see Bruzual 2007a,b)
the rest-frame UV luminosity, uncorrected for extinctiale- (CBO07), including an improved TP-AGB stars treatment. The
rived from the SED fitting technique,dy = 1.5 X Ly;ox @l-  stellar mass estimates inferred using these new modelg@re p
though often negligible, this can account for the contiiut sented in_Salimbeni et al. (2009) and are approximately &2 d
from young unobscured stars. lower than those computed with Bruzual & Charlot (2003) mod-
Following[Papovich et al. (2007), we then applied a loweringls. However, the extrapolated SFR values lead to a significa
correction to the estimate obtained from Ef. 1. They fourd thoverestimate (especially in the case of Maraston (2005)etspd
the 24um flux, fitted with the same DH library, overestimate®f the SFR density that we present in Sectl 4.2. We suspect tha
the SFR with respect to the case where longer wavelengths pagt of this discrepancy is caused by the peculiar shapdsein t
and 160um MIPS bands) are considered as well, and they cdrear-IR side of the spectrum, which probably cause the worse
rected the trend using an empirical second-order polyniomia x? than measured from the comparison with Bruzual & Charlot
Appendix A we show further confirmation of the need to ap2003) models. Since a robust comparison amoftgmint stel-
ply this correction: for bright sources,d estimated by syn- lar population models is beyond the scope of this paper, and
thetic models has values of up to a factor of 10 higher th@ending further tests on the new MRO5 and CBO7 models, we
Lir predicted by the empirical library of Polletta et al. (2007)continue to adopt the widely used Bruzual & Charlot (2003)
Similar results were also published by Bavouzet &t al. (P08 template library and refer to possible future work for moee d
Rieke et al.[(2009). In the following, we refer to the estiat tails on this point.
Eq.[d as SFR,uv. At z > 1.5, it is possible to obtain an independent estimate
A complementary approach to estimating the star formati® the SFR using the observédsq and the observed slope of
rate, as well as other galaxy physical properties (e.g.snaage, the UV continuum to estimate thE(B — V), rather than the
dust extinction), is the SED fitting. A grid of spectral temigls multiwavelength fit. In the following, we use the conversion
is computed from standard spectral synthesis models, and @gopted by Daddi et all (2004), culling a sample of BzK-SF
expected magnitudes in our filter set are calculated. THeetker galaxies from our catalog and deriving the relevant SFR us-
template library is compared with the available photomatrigi  ing thelDaddi et &l.[(2004) scaling relatio8§ Ryy /Moyr ™ =
the best-fit model template was adopted accordingy® min- Lisoo/Lo, With Lo = 885 x 10°’erg s*Hz'*, and Asso =
imization. During the fitting process, the redshift is fixedits 10 x E(B — V), whereE(B - V) = 0.25B - z+ 0.1)as. We
spectroscopic or photometric value. The physical paramate refer to this SFR estimation as SER.
sociated with each galaxy are obtained from the best-fitkstap ~ For clarity, SFRs lower than 0.0Moyr* are assigned a
up to 5.5um rest-frame. This analysis assumes that the overgdlue 0.0IMgyr* in the following analysis.
galaxy SED can be represented as a purely stellar SED, tedinc
by a single attenuation law, and that the rele\&{B-V) and ba-
sic stellar parameters (mostly age and star formationtyisbat
also metallicity) can be simultaneously recovered with d-muMNe now discuss the consistency between tlkedint SFR esti-
tiwavelength fit. We note that parameter degeneracies ¢énomates. In this section, we use tke-selected sample (subsample
completely removed, especially at high redshift. Previiudies A) to ensure a proper sampling of the full SED, e.g., to ensure
(Papovich et al. 20071; Shapley etlal. 2001, 2005) demoestrathat all the bands, or most of them, are available for thengtti
that, while stellar masses are well determined, the SEMditti procedure.
procedure does not strongly constrain star formation hestat We start from the redshift range3- 1.5, plotting in Fig[2
high redshifts, where the uncertainties become largerdltieet the comparison between SRRy and SFR;. We include both
SFR-age—metallicity degeneracies. For this reason, therunthe 24um detected and undetected galaxies, for which only up-
tainties associated with the SFR values estimated fromEi2 Sper limits to SFRk,uv can be obtained. These upper limits are
fitting are larger than those associated with the IR tracer. misleading for the interpretation of the figure: since theDSE

SFRrsuv/Moyr™ = 1.8x 107 x Lpo /Lo (1)

3.2. Comparison between IR- and fit—-based tracers
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due to additional processes, not observable in thgoptical
regime. Typical cases are AGN emission or additional star fo
mation activity that is completely dust enshroudedzAt 1.5,
these objects are again very rare in our sample. In partidhla
SFR of the few galaxies with SFRyuy ~ 2 — 6 Mgyr~t and
SFRi < IMoyr~t atz < 1 is probably overestimated, because
of the incorrect application of a star-forming template toere
quiescent galaxy (see Flg._A.3).

For a more detailed discussion of the robustness of the fit—
based SFR estimates, the related error analysigandntours,
we refer the reader to Appendix B.

The existing systematic trends can be appreciated by exam-
ining Fig.[3 (a), where we plot the SkRyuv/SFRy ratio for
the 24um detected sample. First, we note that the scatter in the
SFRr+uv/SFR; distribution widens with redshift. This is proba-
bly due to a combination offiects: as we move to high redshifts,
galaxies become intrinsically fainter and the rest—frapextal
coverage becomes narrower, making the SED fitting more un-
ol il vl v certain; likewise, 24um based indicators could become more
UL LAY SRRLLLL BRI DR uncertain as the filter moves away from the rest—frame mid-IR
10s2<15 ‘ .

. . and approaches the PAH region.

More interestingly, a correlation between the
SFRRr.uv/SFRi ratio and SFR,uv can be observed. If
we focus our attention on galaxies with star formation rates
between 10 and 10M.yr 1, the SFRk.uv/SFR; distribution
(black histograms) is centred on unity and fairly symmetiic
contrast, galaxies with milder activity (gray shaded tgstans)
Ll el el el 0 have lower SFR.uv/SFR; ratios, and we find a first hint
001 0.1 ! 10100 of highly star-forming galaxies (red horizontally shaded-h

SFRg, togram), i.e., objects with star formation rates highentt@0
Moyr 1, that have higher SRR.uv/SFR ratios.
The same systematidfects are seen at higher redshift. The
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Fig. 2. Relation between SRR yy and SFR; in three redshift . . o
bins for the wholeK—selected sample. Filled black dots are foypepirSp_ageSl (r);anlgDI? i(sb)irrslmzav(\;isa:gl?/ L?ggrs;’ﬁgvt/hselz?&ég dis
the Fagm > 2041Jy subsample; small gray dots refer 0 g-alaX'e%rger than. at Iower.redshifts and that a large number afaibj
undete_cted_at 2Am, and must be regarded as upper limits. Th ith SFR ISFRy >> 1 is,observed The observed spread
blue circle identifies an obscured AGN candidate, selected %{; not surSFi%\i/ng si;'tlce o similar disagréement of up to df:vo
cording to a similar technlqug as the_one presented in Fiak e ders of ma nituoie in sinale aalaxies at com arz;\ble redshiis
(2008) (see text). The red line defines the locus RRR = 9 gieg P

: - : : : dy been noticed by the similar analysis of Papovichiet a
SFR;. The typical uncertainties associated with both estimat Lrea\ X . L
are shown in the lower panel. The intrinsic parameter deg 5;-00:'2' grﬂiﬁﬁrﬁ?ﬂﬁérﬁ?&Ifslr:rr:eeilseg];lthgv%ﬁ%ﬁ?
eracy involved with the SED fitting procedure is responsibte gek— y

- : : : _1  tive in increasing the noise in both estimates. The factorDf
the larger uncertainties associated with FRnits areMgyr . shiftin the distribution of galaxies with SFRs of betweerai@l

100 Myyr~t is consistent with the uncertainty associated with
o ) ) the spectral library used to computgl(see Appendix A).
fitting can reach lower nominal values for the given SFR, the |tjs therefore interesting to compare these estimatestivith
scatter in SFR seems to be larger than that in SkRyv . pure UV-based SRRy, described above. The relation between

Given the many uncertainties involved in both estimatorSFRg, v and SFRk.uv/SFRisoo ratio is shown in the middle
the overall consistency between them appears reassuniagt Apanel of Fig[B (b). Following Daddi et al. (2004), we applied
from offsets and other systematics, which we discuss below, tiigs recipe only to the sample of BzZK—SF in the redshift ranige
majority of galaxies are assigned a consistent SFR, and.ime n interest. The scatter is significantly lower than in the upaael,
ber of severe incons_is.tencies is small. These inconsis®emay but the same trend for exhibiting an IR excess still appears f
have two diferent origins. highly star-forming objects.

On the one hand, galaxies with SitfRnuch higher than To some extent, the excess in the mid-IR derived star for-
SFRgr+uv can in principle be inferred from incorrect fitting ofmation rate is most probably caused by the presence of highly
red galaxies. For these objects, the SED fitting could eoosly  obscured AGNs. Daddi etlal. (2007a) assumed that all the mid-
assign a large amount of dust to an otherwise dust-freeivehss IR excess objects drawn from the BzK-SF sample (i.e., all ob-
evolving population. Despite the relatively large numbiepas- jects in the lower panel of Fifl] 3 (b) with SERuv/SFRis00> 3)
sively evolving galaxies a < 1.5, the number of these misiden-are powered by obscured AGNSs. Following &elient approach,
tifications is very small at < 1, and low even at = 1 — 1.5. Fiore et al. [(2008) identified a population of highly obsalre

On the other hand, galaxies with SRRy >> SFR;; can be AGNSs candidates in the entite.—selected sample, selected on
obtained either when the opposite misidentification oc¢eug, the basis of their very red spectrugm/F(R) > 1000 and
for dusty star-forming galaxies fitted with a passively evol R—Ks > 4.5) (see alsb Dey et al. 2008). To use the fluxes directly
ing SED) or, more interestingly, when the mid-IR emission isieasured in our catalog, we selected the very same objécts fo
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Fig. 3. Left panels in (a) and left top panel in (b): relation betw&&Rg  uv/SFR;; ratio and SFig,yy in the diferent redshift bins
for the Fogm > 83 udy (black dots) and 26 Fo4,m[udy] < 83 detected galaxies (gray dots); blue circles identifycabsd AGN
candidates, selected according to a similar techniqueeasrib presented in Fiore el al. (2008) (see text). Left migdtes! in (b):
relation between SRR, uv/SFRisgo ratio and SFig., v in the redshift bin 1.5-2.5 for the subsample of BzK-SF galspsymbols
are as in the other panels. Right panels in (a) and (b): bldk,gray (diagonally) shaded and red (horizontally) gfthldistograms
show SFRk,uv/SFRit (SFRrsuv/ SFRis00 in the middle panel in (b)) values respectively for<BFRg uv[Moyr™1] < 100,
SFRRr+uv[Moyr 1] < 10 and SFig.uv[Moyr 1] > 100 samples. Units andoyr 1.

lowing the criteriumF,4,m/F(I) > 1000 and — K > 4.5, which Alternatively, the observed trend can be taken as evidence
we checked to be consistent with that useld in Fiore et al.§R00of a failure in the assumption that a single attenuation law c
These objects are shown as blue open circles in Eigs. Pland 3adequately model the output from a star-forming galaxy.

The presence of highly obscured AGNs could also produce
the observed trend in the SRRyv/SFR; ratio, since they are .
expected to exist inside high mass galaxies, which are on 4-Mass assembly and downsizing
erage highly star-forming. A correlation between the f@&Ct \ye oy discuss the star formation properties of our galamy-sa
of obscured AGNs and the stellar mass was indeed showny\a 45 5 function of redshift and stellar mass. With respect t
Daddi et al.(2007a). other surveys, our sample has the distinctive advantageiogb

However, we find that the trend in the SRRyy/SFR; ra- selected by a multiwavelength approach. In this section)see
tio also extends to lower star formation rates (of averadigega the subsample B. Thi€¢s andmy s cuts ensure a proper sampling
lower than unity) and at lower redshifts. It is thereforegibe of highly absorbed star-forming galaxies, and hence priybab
that it reflects a change in the intrinsic physical propemtiestar- a complete census of all galaxies with high SFR. On the other
forming galaxies. A possible explanation is related to iiiety  hand, the deep-selected sample contains the fainter and bluer
effects. Galaxies with sub—solar metallicities have lower-mig@alaxies of both low levels of dust extinction and low star fo
IR emission (at least atu8n, [Calzetti et dll 2007) and highermation rate.
UV luminosity than solar ones, for a given level of SFR. The In this catalog, we derive the SFR, which we refer to as IR—
observed trend can therefore be related to a metallicitydire based, using the SiERuv estimates to all objects witho4,m >
which is natural to expect given the observed mass—maetgllic20 pJy, and the SFR to all fainter objects. We recall that the
relation from low to high redshifts (Maiolino etial. 2008 daref- SFRg.uy star formation rates are derived from the mid-IR emis-
erences therein). Unfortunately, a direct check of theestaht sion, computed with the DH synthetic models, and by adopt-
above is not feasible. Reliable metallicities cannot berrgfd ing the lowering correction of Papovich et &l. (2007) for hig
from broad-band SED fitting, and high resolution spectrpgco SFRs. This technique was widely adopted in the literatund, a
is necessary to properly distinguish between SEDs chaizete we adopt it as a baseline. At the same time, we mention how
by different lines and hence metallicities. the results would be changed by using &H@r all the objects.
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4.1. The stellar mass—SFR relation

1000 A direct relation between the stellar mass and the star forma
= 100 tion rate in high redshift galaxies was identified bottzat 1
5 (Elbaz et al. 2007) and in a subsample of star-forming BzK-SF
2 10 atz ~ 2 (Daddi et all. 2007b). To some extent, this disagrees with
; 1 analogous trends for galaxy properties in the local Unwers
E o1 where the most massive galaxies have very low levels of star f
' mation rate|(Heavens etlal. 2004). We illustrate the globai e
00 E lution in this relation by plotting in Fid.J4 the star formaiti rate
—_ of each galaxy as a function of its corresponding stellaramas
i 100 It is immediately clear that a trend between star formation
;é 10 rate and stellar mass is present at all redshifts. Thisioelds
< 1 of course neither tight nor unique: at all redshifts theristexa
= fraction of galaxies with low star formation rates, as alsoven
wn 01 by the inset histograms. The SFR distribution becomes mude a
900 more bimodal with decreasing redshift. Figlife 4 also shiwars t
b at the highest redshifts only the most massive galaxieslare a
'7: 100 Z///[ ready experiencing a quiescent phase. We note that we are in-
> 10 ’.i-l complete at low masses and SFRs because of the magnitude
= ,/ limit of the sample. Nevertheless, there is a clear trend/&en
2% 1 ;}// SFR and M of the star-forming galaxies, and to quantify this,
% 01 Q‘A we computed a@—clipped least squares fit, assuming the rela-
0 r tion SFR = A(M/10"M,)2. We found values for4, 8) equal
90 ' ;"4 to (23.47,0.70), (38.93, 0.73), (46.26, 0.65), (127.9850.re-
= 100 /% spectively in the four redshift bins from ~ 0.3 toz ~ 2.5.
5 g‘ The increase in the normalizatioh is robust, and caused by
- 10 - the global increase in the star formation rate with redsfiifie
; 1 . g;ﬁ steepening of the slope, instead, is less robust, sinceérus
B o1 i on the threshold used for tle-clipping and on the SED fitting
0.01 parameters, e.g., the minimum galaxy age. Withra@ipping,

107 10 10°  10® 1ot 1pte slopes can vary by 20%. ConS|d_er|ng these uncertainties, our
MASS (M results are in broad agreement with previous studies (Detdli
(M) 2007b; Elbaz et al. 2007).
It is interesting to note that the correlation between SFR an

stellar mass holds also using the SF€stimates. While the two

Fig. 4. Left panels: relation between the star formation rate apdrejations are consistent at intermediate redshifesstbpe of
the stellar mass of the GOODS-MUSIC galaxies fiedentred- he SER, one is steeper at low redshift (0.90) and milder at high

shifts; large dots represent the galaxies with SFR derivet f o 4shift (0.42), because of the systematic trends showiyif8F
the 24um emission, while small ones are 24n undetected

galaxies, with SFR derived from the SED fitting analysis; red
solid lines show the @—clipped least square fit described in thd.2. The evolution in the cosmic star formation rate density
text; green dashed line in the highest redshift bin reptssbe

correlation found by Daddi etal. (2007b). Right panels: SFﬁhe. most concise repres_en?atio_n of the evqution_in thefgtar
distribution in two mass bins. 10— 10" My, (plain black his- mation rate across cosmic time is the star formation ratsitien

tograms) and 16 — 102M,, (shaded red histograms) (SFRD), which we show in Fif] 5. We show both the IR—derived
© | estimates (continuous lines) as well as those obtainedypoye

the SED fit (dashed line). In this figure only, we extend thd-ana
ysis to the redshift bin.B < z < 3. In this redshift regime, the
IR templates are hardly representative, since tharidand is
no longer representative of the dust emission peak, alththe
Dale & Helou (2002) models are still formally applicable.rFo
We use the stellar masses estimates derived from the SE{gfitﬁﬁthSre rreetzzovcﬁr’]t?aeuﬁﬁrﬁbv estimate is tentative and should be
analysis described above. b ' . .
Because of the complex selection criteria that we adopted,

Finally, to avoid bias in the IR-based SFR estimates, vitewas not easy to compute the corrections necessary todaclu
remove the obscured AGN candidates identified by Fiore|et Hie contribution of galaxies fainter than those includedim
(2008) from our analysis. We are aware that the removal sample. Because of our mid-IR selection, we assumed that we
this population will cause a reduction in the star formatiate include nearly all highly star-forming galaxies. The midéec-
measured on average at high masses. AGNs are indeed kntiamconsists therefore mainly of galaxies with low stanfiation
to reside preferentially in high mass sources (Bestlet d1520 activity, sampled by the—selection. A good approximation of
Daddi et all 2007a; Brusa et/al. 2009); although a high foacti our incompleteness can be obtained by fitting the star foomat
of IR emission is understood to originate from accretion-preate function computed on the-selected sample in each red-
cesses, some fraction of it probably originates from stemé  shift bin. Volumes were computed with théVl,.x method. We
tion. found that the SFR functions can be fitted by Schechter fansti
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Fig.5. Upper panel: the redshift evolution of the total cosmi€ig. 6. The contribution to the cosmic SFRD by galaxies of given
SFRD. Solid lines refer to IR-based estimates, dashed immeanass, in two redshift bins. Solid and dashed lines are cosdput
SED fitting estimates. The compilation lof Hopkins & Beacomassumingf(M) = 1. The dashed line in the lower panel corre-
(2006) is shown as small gray dots. Lower panel: the redshséftond to the ~ 1 line of the upper panel. Dotted lines are com-
evolution of the cosmic SFRD by galaxies offdrent masses. puted assumin@(M) # 1 (see text). Black filled dots: this work;
Only galaxies above the completeness limit in stellar masskdue squares: Combo-17 (Zheng et al. 2007); red open teang|
each redshift (see last column of Table 1) are shown. Salasli GDDS (Juneau et al. 2005).
refer to IR-based estimates, dashed lines to SED fitting esti
mates. Black, red and blue symbols correspondffeidint mass
ranges as shown in the legend. Error bars include unceesintormation rate density iM > 10''M, galaxies appears to halt
on the SFR estimates and Poissonian errors. atz > 2.5. This is expected since, at thesghe number den-
sity of M > 10'*M,, galaxies drops quickly (Fontana etlal. 2006;
Marchesini et al. 2008).
of slopes~ —1.5. We then corrected our observations for these The evolution in the SFRD for galaxies offidirent stellar
contributions at low SFR values by extrapolating from thedit masses is one of many pieces of evidencdoginsizing. Indeed,
functions. The corrections are small fok 2.5, of the order of downsizingis evident as an evolution in the slope of the SFRD as
10%, consistent with the assumption that the sample is aapla function of redshift, which becomes yet steeper as higlksmas
at high star formation rate values. At- 2.5, the corrections are galaxies are considered because of the more rapid evolotion
higher than 50%. massive galaxies, wherever a number of physical processes a

We first note that the total SFRD (upper panel of Figexpected to suppress the star formation mdiieiently than in
B) which we derived from our sample (black stars) reprdewer mass galaxies.
duces well the compilation of other surveys completed by The exact values of the SFRD depend very sensitively on
Hopkins & Beacom|(2006), normalized to a standard Salpetée mass ranges adopted. Our mass bin choice is determined by
(1955) IMF, and is also in agreement with Le Floc’h et athe intention of having good statistics in each bin. Keeping
(2005%)/ Caputi et all (2007) and Rodighiero €tlal. (2009). mind this warning, our observations seem to supportiven-

It is more interesting to study the trend in the SFRD fa$izing picture for the reasons mentioned above. Indeed, in the
galaxies of diferent stellar masses (lower panel of Hig. 5yedshiftinterval 0.3 — 1.5, where all mass samples are cetepl
Previous surveys, such as Combo-17 (Zhenglet al.| 2007, ttet SFRD derived from the IR emission increases by a facgor 1.
traced the evolution in the SFRD o ~ 1) and the GDDS 2.75, and 9, respectively for bins of increasing mass. Wedds
one (Juneau et Bl. 2005, which first presented the evolutiontéct a similar steepening in the slope of the relation betvibe
the SFRD in aKs—selected sample to ~ 2), demonstrated average star formation rate per unit mass (which is treated i
that the contribution to the SFRD by the more massive galagect[4.B8) and redshift between low and high mass galaxies.
ies (typically those wittM > 10''M,) is negligible at low red- At all observed redshifts, the more massive galaxies do not
shift, and becomes much largerat-> 1 corresponding to the dominate the global SFRD. To some extent, this may follow
major epoch of formation in the more massive galaxies. Ofrom the exact choice of the mass bins. However, it is easyeto p
data confirm this picture, with an increase by a factor 20 frodict that the major contributors to the global SFRD are gakax
z =~ 05 toz ~ 2. The sharp decline at low suggests that immediately below the characteristic mads. The number of
these structures must have formed their stars at earliethspo galaxies of given masd(M) at any redshift can be represented
Keeping in mind the caveat mentioned above about the reliakds a Schechter functiohl(M) « (M/M*)*exp(—M/M*)). Given
ity of SFRr,uv atz > 2.5, we note that the increase in the stathe tight correlation between stellar mass and star foomatite
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described aboveM o« M#), and assuming that the fraction of ( SSFR[Gyr])
star-forming galaxies id (M), the contribution to the cosmic AZ IRTUV SED fitting  Mym[Mg]
SFRD for galaxies in a logarithmic intervdllogM is simply

0.3-0.6 0.2780.022 0.570:0.137 510

d(SERD(M . ) 0.6-1.0 0.487%0.017 0.658:0.103 8 1(°
(0”07(,\2))) o (M/M*)**#*+texp(—M/M*) f (M) (3) 1.0-15 0.754:0.029 0.854:0.168 2 10
9 15-25 1.6520.058 0.420:0.122  7-10%

i is i -12/ - ' al. 20( . .
andsﬂmie%lg T(t)hge (rsgge;bo\l,f/ rel;'t?ng:?g tinea fé_%aigaes)eér_able 1. Average observed IR- and fit-based SSFR fiedi

timate), and ignoring for the momeri{M), the shape of the ent redshifts for galaxies above the completeness limiteites

d(SFRD(M))/dlog(M) is that of a Schechter function with pos_mass.

itive slope, which has a peak arourM* and decreases at

Iog(l\/_l) < Iog(_M*). The shape off (M) is sqmewhat more un-

certain. We simply assume th"?‘t the fraction of active g@&Xiq, - masses and SFR to the Chabrier (2003) IMF used by the

above the characteristic mass is around 05-atl, around 0.8 \sillennium Simulation. :

gtSZ o 2,~an1d W'g probazly bf'[ hghsr gt Ic')A\wer massites_t(?roun We recall that our SSFR estimates are quite low compared
-0 atz = 1and around unity at = ). AS a result, | 4o the possible estimates made by adopting standard vajues f

ther decreases the distributiondSFRD(M))/dlog(M) athigh  grp_ " " 61 the one hand, the conversion between mid-IR

masses, withoutféecting the low mass regime. flux and SFR includes a lowering factor for high SFRs, as de-

Using the parameters of the galaxy mass function obtaingd: ; : ; ;
in [Fontana et al. (2006), and the SFR—stellar mass conalatgf ibed in SecL. 31 and in Appendix A. On the other side, #ee u

bf more recent models of stellar populatiohs (Mardston 005
shown above, we computed the exped€sFRD(M))/dlog(M) ; \ ' 0
distribution in two redshift bins. 0.8-1.2 and 1.5-2. whek would slightly decrease the average stellar masses (by 20% o

. , Salimbeni etlal. 2009), and h i the d
from different surveys (Zheng et/al. 2007; Juneau €t al. [20Qk ;(rjagg':;e'e alimbent.etia ), and hence increasehe

could be combined. To convert masses and SFRs of Zheng et al..; o ¢ all, we notice a strong bimodality in the SSFR dis-

(2007) from a_Chabrier (2003) tola Salpeter (1955) IMF, we., ' . g ; :
used a factor of 1.78 (Bundy et al. 2006) and 1.5 (Ferrerals etf?l-blé]tlg QtIV\-/r(:,\A(Ie% ?;]Sél?v(\:/topgf: ?g&ﬁaﬁge&gzr c\)l¥ I:::)SI’? g‘ 25;; a

2005), respectively. Masses and SFRs_of Juneau et al. | (20 e galaxies (the so-called blue cloud) and the other one co

were instead renormalized from a Baldry & Glazebraok (2003);: “ " ] : A ey
to alSalpeter (1955) IMF using the factors 1.82 (Juneau etg§Stlng ofold, 'red and dead’, early-type galaxies (re €)

2005) and 2/ (Hopkins & Beacom 2006). We note that the ar ee also Fid.l4). The loci of these two populations are

: ; ith the selection in_Salimbeni etlal. (2008) between eathd
ment presented above is ufetted by the well known dlscrep'Iate-type galaxies. It is noticeable how these evolvedaibjare

ancy between the directly measured mass density and the 8 gady in place even at the highest redshift. We reservera mo

I(r\}{/(azi?li fertogp tzhgo';tegruar“ogirﬁfrfgfeséigorrg‘taég’r?cr;f fﬁjgﬂn tcomplete discussion of these objects to Fontanal et al. 2009
" : P A trend for the specific star formation rate to increase with

grated amount of stars formed, but only the analytical Shuiperedshift at a given stellar mass is evident: galaxies teridrto

the SFRD. their stars more actively at higher redshifts. The bulk divac

The result is shown in Fid.] 6, where we plot the expect urces shifts to hi . P
LS ; A gher values of SSFR with increasinghiétds
d(SFRD(M))/dlog(M) distribution by assuming both(M) = 1 Dur findings are in good agreement with Pérez-Gonzalez et a
and af(M) that decreases with both increasing mass and 5005) and Papovich etlal. (2006)

creasing redshift. Our data are in good agreement with thiase
vided byl Zheng et all (2007), who inferred SFR estimatesgjsiré i
the same method that we adopt to compute §kR. In con-
trast, Juneau et al. (2005) estimated the SFR from the nastef
UV continuum, and obtained values lower than $&R,/. The
differences can probably be attributed to thi@edéent selection
criteria and SFR estimators used in their work. o

This analysis confirms that the major contribution to the stﬁ..
formation is from galaxies of masses around or immediatety bforming stars more actively than in their recent past
low the characteristic madg*. This statement is consistent with At15 < z < 2.5, the fraction of active galaxies i'n the total
the evolution in the SFRD for fierent mass bins that we show, T -~

e S > = sample is 66%, and their mean SFR is 3@9yr~*. To com-
In F|g.[5..The com_bmatlon of the steepening in the SFR_Mrelﬁute the total stellar mass produced within this redshiftrin
tion, the increase in the SFR values with increasing retjstitl

. . : . L val, it is necessary to know the duration of the active phase.
the lower fraction of active galaxies at layis more significant

than the &ect of the decrease in the characteristic stellar mat%%rt Ji?]'g apgtz\p/)g?‘re(a’\c\?ilce)nu;‘e gzlgggscigcilr? dzitrg;ij\ge;(ttag(;ms‘;{ppose
at increasing.

terval spent in an active phase. We adopt the assumption that
the active fraction is stable within the redshift bin corsed.
4.3. The specific star formation rate and the comparison with ~ The time spanned in the 1.5-2.5 redshift interval corredpon
theoretical models to 1.5 Gyr. By multiplying the fraction of active galaxies by
) ) the time available, we derived an average duration of theeact
In Fig.[d, we plot the relation between the stellar mass and
f[he s_p_emflc_star formz_;\tlorj rate (SSFR hereafter) for ala)ge_\l 3 Indeed, ifM = (SFR) pag Xtu (), Where(SFR) 4 is the star forma-
ies divided into redshift bins. To be able to compare our fin@on rate averaged over the whole age of the Universe at tiiesgond-
ings with the Millennium Simulation predictions, we contegt ing z the requiremenBFR/M > (ty(2))~* impliesSFR > (SFR)aq-

A significant fraction of the sample, increasing with redishi

n an active phase. It is natural to compare the SSFR (which
has units of the inverse of a timescale) with the inverse ef th
age of the Universe at the corresponding redsbit). We de-

fine galaxies withMl/SFR < ty(2) as “active” in the following,
since they are experiencing a major episode of star formatio
tentially building up a substantial fraction of theirletemass

this episodél. Galaxies selected following this criterium are
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Fig. 7. Relation between the specific star formation rate and tHEismass calibrated to la_ Chabrier (2003) IMF. Larger dots
correspond to 24m sources with fm > 83uly, while smaller ones show 24n detections with 200y < Fogm < 83uly. Plus
refer to 24um upper limits. Dotted lines correspond to constant SFRs 01100 and 1008,yr 1. The horizontal dashed lines
indicate the inverse of the age of the Universe at the ceffiteach redshift interval. Shaded contour levels (at 0.050%6,150%
and 80% level) represent the predictions ofithe KitzbickI&hite (2007) rendition of the Millennium Simulation.

phase of 0.99 Gyr. The average amount of stellar mass assearison. We note that this limit depends on the redshift kin.
bled within each galaxy during these bursts is measured to Table[1, we report the average SSFR as a function of the red-
the product of the average SFR and the average duration of shéft bin for the IR— and the fit—-based estimates, along with t
active phase, and equals tal X 10'*M,, representing a sig- completeness mass cuts computed as described in Fontdha et a
nificant fraction of the final stellar mass of the galaxiessidn (2006). SSFRs and masses are calibrated/to a Salpeter (1955)
ered. Although quite simplified, this analysis implies thaist IMF.

of the stellar mass of massive galaxies is assembled during an Fig. [4, we show the predictions of a semi-analytical

long-lasting active phase atsl< z < 2.5. Itis important 10 e ition of | Kitzbichler & White (2007) of the Millennium
remark that this process of intense star formation occurs N-body dark matter Simulation | (Sorinael et al. 2005

rectly within already massive galaxies, and, given itsnsiy, || om\son g Springél 2006/ De Lucia & Blaizdt_2007), which

; ecreases with stellar mass (at given redshift) and ineseas
same result are based on the tightness of the SFR-massmelafl, roqghift (at given stellar mass). In addition, it foasts the

(Noeske et al. 2007), on the kinematics of disks (Cresci.etg istence of quiescent galaxies everzat 1.5. However, the
2009) and on the analysis of the accretion histories of datk Mo era0e observed SSFR is systematically under-predieted (
ter haloes in the Millennium Simulation (Genel et.al. 2008). .55t above our mass limit) by a facte8-5 by the Millennium
ppimulation. A similar trend for the Millennium Simulatiort a

Z ~ 2 was already shown by Daddi et al. (2007b).

Daddi et al. |(2007b). Independent arguments converginc‘t)leng“iL

To provide a further physical insight in this process, we €0
pared our results with the predictions of three recent tiezal
models of galaxy formation and evolution. Our sample is af- We also compared our findings with the semi-analytical
fected by mass incompleteness, so only galaxies above the canodels of_ Menci et al.| (2006) (adopting a cosmology consis-
pleteness limit in each redshift bin were considered in e tent with WMAP1) and MORGANA|(Monaco et gl. 2007, up-
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Fig. 8. Average SSFR in each redshift bin. Black solid lines rérig. 9. Number density of star-forming galaxies as a function

fer to IR-based estimates, dashed lines to the SED fitting estf redshift and lower SFR. Filled symbols represent our ob-

mate. Error bars for the fit—-based estimate are larger th@sethservations corresponding to the SFR thresholds shown in the

of the IR-based one because of the intrinsic parameter degegend. Open gray symbols at ~ 2 are the predictions of

eracy involved with the SED fitting procedure. In the uppéfhochfar & Silk (2008) model.

panel, we show the comparison with Menci et al. (2006) semi-

analytical model (red triangles), which adopts a Salpdt@bb)

IMF. In the lower panel we compare our data with the predi@nd model predictions, Khochfar & Ostriker (2008) propoaed

tions of the Millennium Simulatior (Kitzbichler & White 200 galaxy formation scenario at high redshift that is mainlyein

(blue squares) and MORGANA (green circles), which adoptky cold accretion flows. Their model allows an increased star

Chabrier ((2003) IMF. The comparison is done above the coffiermation dficiency resulting in a closer agreement with obser-

pleteness limit in stellar mass, which igfdrent in each redshift vations.

bin (see text and Tablé 1). We then considered the number density of galaxies with
star formation rates higher than a fixed threshold as a func-
tion of redshift, and compared our observations with the ehod

dated by Lo Faro et al. (2009), adopting a WMAP3 cosmologydf Khochfar & Silk (2008) atz ~ 2. Figure[® compares our

They show very similar trends with respect to the Millenniurfata (filled symbols) with the theoretical predictions (oggm-
Simulation, with only slightly dierent normalizations. bols). The SFR limits were chosen to allow comparison with

In Fig.[8, we plot the average SSFR as a function of tHghochfar & Silk (2003) resulfs The agreement s very good for

redshift bin for the IR— and the fit-based estimates as well @Bj€Cts WithSFR > 90Moyr —*, while the model slightly under-
those predicted by the three theoretical models. Once again Predicts the number density of galaxies with higher levestar
only consider galaxies above the completeness limit in rfass formation rate. _ _ _
each redshift bin (see last column in TdBle 1). The trendadepi A more comprehensive comparison between theoretical
must therefore not be considered an intrinsic trend, sireely  Predictions and observations was presented_in_Fontanbt et a
serve diferent populations at the féiérent redshifts because 0f(2009).
the mass cuts. Errors in the average SSFR were estimated by a
Monte Carlo simulation. . .

We find that although all models taken into account repré—' Summary and discussion

duce the global observed trend, they predict an averagéostar \We have presented a revised version of our GOODS-MUSIC
mation activity that is lower than observed in most of the snaghotometric catalog for the GOODS-S field. The major new fea-
regimes. The observed star formation occurring in situdsi tyre of this release, on which our scientific discussion Eebla
massive galaxies is higher than predicted by a factor 3-5 f@fthe inclusion of 24:m data taken from the Spitzer MIPS pub-
the Millennium Simulation and for MORGANA, and around 1Qjc images, of which we provide a self-consistent photomfatr
foriMenci et al. (2006) model. Daddi et/al. (2007b) claimeatth each object in the catalog. We employed a PSF-matching tech-
the star formation rates predicted by the Millennium Sirtiaka  njque, performed by ConvPhot software (De Santis &t al.[R007
are as much as one order of magnitude lower than those @bmeasure 24m photometry by exploiting the high resolution

served atz ~ 2. Similar mismatch at these redshifts betweeACS image used asmior to detect the objects’ positions. This
observed SFRs and those expected by various kind of thealreti

models, independent of their physical process implemiemisit 4 Note that they adoptla Chabtiér (2003) IMF, so the SFR thidsho
were found and discussed by Davé (2008). To reconcile datve been renormalized by adopting the conversion faai@ect[4.D.
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allows us to reduce thetects of confusion noise and deblending  While these results are grossly independent of the paaticul
problems caused by the large size of the MIPS PSF. star formation rate estimate, the specific details appesepend

We have used this new catalog to study the star-formimg the chosen indicator. In particular, the correlatiomeein the
properties of galaxies up to ~ 2.5. We have first compared SFR and the stellar mass still holds using &FBut it is steeper
the estimates of the SFR obtained from the total IR luminogt z ~ 0.5 and it becomes flatter at high redshift, remaining
ity (SFRrsuv) and from the SED fitting analysis to the overalsimilar in the two intermediate redshift bins. As far as ther s
0.3 to 8um photometry (SFR), which are the two major es- formation rate density and the specific star formation rage a
timators of the SFR that have been used so far in high redslsifincerned, the two techniques used to estimate the SFRiprovi
galaxies. We found that the two tracers are consistent thveraonsistent results up o~ 1.5. However, significant dierences
especially in the redshift range 0.3 — 1.5. The overall medda are evident at redshift 1.5, where the IR-based SFRD flattens
tio of SFRr,uv to SFR; is around unity, a limited number of and the fit-based one begins to decline. The average IR-based
objects appearing to have discrepant results. The agradimeen SSFR increases monotonically to the highest observedifexjsh
tween the two estimators appears to depend on redshift ecauhile the fit—-based one has a turn-over aromnd1.5 and then
the scatter increases with redshift. Moreover, gAfslightly decreases. The trends above directly reflect the correlate
systematically overestimated with respect to &R, in the tween SFRk.,uv and SFR:.
lowest redshift bin (- 0.6). The scatter increases significantly We used our results for the redshift evolution in the specific
atz > 1.5, where the IRUV value is systematically larger thanstar formation rate, and its trend with the stellar massnves-
the one resulting from the SED fitting analysis for brightasitg. tigate the predictions of a set of theoretical models of xyala
However, these results stem from a systematic trend thdsholormation inA-CDM scenario.
at all redshifts. In galaxies with star formation rate$0M,/yr, On the one hand, these models reproduce the global trend
the fit—derived SFR is on average higher than 8RR/, while that we find in the data — the most important being the increase
the opposite holds at SFR 100M,/yr. It is at present diicult in the specific star formation rate with redshift, and iteidevith
to ascertain the origin of this systematic trend. It can be u stellar mass. Somewhat surprisingly, however, the ave3&§dR
systematics thatfBect the interpretation of the data, either fronof galaxies in our sample is significantly higher than prestiby
the SED fitting technique as the target galaxies move in i#dshtheoretical models, in most of the mass regimes. Essenidi|
or in the templates used in the extrapolation of the mid-IR oker including a strict completeness limit in stellar mass faund
served flux, especially at high redshift, where it sampled?hH that the typical SSFR of galaxies at a given mass is a factor at
region. Alternatively, it could have physical origins, buas a least~ 3 — 5 higher than predicted by the models we have con-
metallicity trend or a failure in the assumption that a séreften- sidered here. This mismatch is very clear for massive gedaxi
uation law can adequately model the output from a star-fogmi(M, ~ 10**M,) atz ~ 2 and for less massive galaxieszat 1,
galaxy. where we are able to complete a higher quality statisticalyan

Keeping in mind these uncertainties in the estimate of tlsés.
star formation rate, we summarize the basic results olftaine It is not obvious to ascertain the origin of this mismatch. It
by adopting SFR.uv, which we assume to be a more reliableould be caused by a genuine failure of the models. These mod-
tracer because it is noffacted by dust extinction. els often quench the star formation in massive galaxiessogmt

the formation of blue, giant galaxies at low redshift, andde

— We show that, at all redshifts considered here, there is-a cproduce the existence of red, massive galaxies at high ifedsh
relation between the stellar mass and the star formatien rdfe mismatch that we observe could imply that the feedbagdk an
of star-forming galaxies. The logarithmic slope of this-corstar formation recipes adopted are too simplified or inaarre
relation, after applying a—clipping algorithm to remove all Most of the models considered in this work adopt the commonly
quiescent galaxies, is in the rangé 6 0.9, with some indi- used star formation scenario, where gas uniformly coltapt-
cations of a steepening with increasing redshift. wards the galaxy centre forms a stable disk. New processes ar

— The SFRD derived from our sample agrees with the globlaging explored (e.g., Dekel etial. 2009) that involve a mapid
trend already depicted by other surveys. When divided dermation of galaxies by cold streams and could lead to close
cording to stellar mass, it shows that more massive galaxggreement with observations.
enter their active phase at redshifts higher than lower mass Alternatively, the mismatch could be related to the ovérest
ones. Atz > 2.5, the increase in the SFRD due to the moreate of the stellar mass of the typical star-forming galaXgr—
massive galaxies (wittM > 10"M,) appears to halt, in instance, due to a combination of the overestimate of megrgin
broad agreement with the expectations of theoretical moglents and of the star formation activity in its past histasy,
els (Menci et all_2004; Bower etlal. 2006). This is mainlypt redshifts higher than those sampled in this work. A pdessib
because galaxies of higher mass become extremely rare@nsequence of this is the overestimate of the stellar nuzss f
these redshifts. The increase in the slope of the SFRD withn predicted by the Millennium Simulation at high redshin
redshift of samples of increasing mass seems to support th&tion to observations (Kitzbichler & White 2007).
downsizing scenario. Additional evidence of an incorrect treatment of the star fo

— At all redshifts, the main contributors to the cosmic SFRDhation processes was presented by Fontanot et al. |(2009) and
are galaxies around, or slightly below, the characterstét Lo Faro et al. [(2009). In their models, these authors found an
lar massM*. excess of low mass galaxiesak 2 and faint LBGs az > 3,

— Massive galaxies at~ 2 are vigorously forming stars, typi- respectively, which is probably counterbalanced by thgsegp
cally at a rate of 30Bl,yr~'. A simple duty—cycle argument sion of the star formation to reproduce the observed evmiiti
(see Secf. 4]3) suggests that they assemble a significant fthe SFRD.
tion of the final stellar mass during this phase. However, we remark that the interpretation of the observa-

— The specific star formation rate of our sample shows a wellens is dfected by a number of uncertainties, such as uncer-
defined bimodal distribution, with a clear separation betwe tainties in the stellar mass estimates or uncertaintiggraiing
actively star-forming and passively evolving galaxies. from both the templates used to convery;24 fluxes into total
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infrared luminosities (see Appendix A) and the SED fittinglan
ysis. An example of these uncertainties is illustrated leyrttis-
match between the integrated star formation rate densityten
stellar mass density. This disagreement could be alleVibye
an evolving IMF {(Wilkins et al. 2008; Davé 2008), which wdul
provide lower values of SFR.

To make conclusive, quantitative statements in this dmact
we ultimately need to improve the reliability of the SFR me
surements, especially for high redshift galaxies. Fonthiog IR
facilities, such as Herschel and ALMA, will probably proeids
with a more coherent picture.
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Zucca, E., lbert, O., Bardelli, S., et al. 2006, A&A, 455387 Fig. A.1. Comparison between the total infrared luminosity es-
timated with| Dale & Helou(2002) and Chary & Elbsz (2001)
templates in dferent redshift bins. The two synthetic libraries

Appendix A: The estimate of total infrared predictions are in good agreement within a fact@.

luminosity

We describe our method to convert mid-IR fluxes into total irfolour. In both cases and for each source, oncétgerrection
frared luminosities and compare the results obtained frisfard had been applied, we selected the model that reproduced the
ent template libraries. 24 um observed luminosity and normalized it using the flux dif-
By assuming that the IR emission is primarily caused by du&rence between the model and the observed galaxy.
heating during star formation, the SFR remains proportitma In Fig.[A.D, we show a comparison betweepk lpredicted by
the dust thermal emission of the galaky. Kennicltt (1998) aie two diferent model libraries. As already noticed in literature
serted that the total infrared luminositysLemitted between 8 (Papovich et al. 2006; Marcillac et/al. 2006), they give ¢ons
and 1000um is a good tracer of the SFR. At the redshift otent results to within a factor 2-3, with the highestfeliences
our interest £ ~ 0.3 - 2.5), MIPS 24um band probes the rest-appearing at high redshifts and high luminosities. Howgtes
frame mid-IR emission, which has been demonstrated to c@Pssible to observe a few trends with both luminosity and red
relate with Lg (e.g., [Chary & Elbaz 2001 Elbaz et al. 2002shift that depend on the specific template details.
Papovich & Bell 2002; Takeuchi etlal. 2005; Zhu €ff al. 2008). A new kind of approach in our work consists of employing
Since dust emits most of its light at longer wavelengthgmpirical local spectra to fit the overall galaxy SED shape in
Lir extrapolation from 24um observations can be afficult stead of the 24m luminosity. These spectra include the stellar
procedure. The rest-frame region under study is partiulacontribution as well as thefiects of dust emission. We con-
complex given the presence of polycyclic aromatic hydrooar sidered_Polletta et all (2007) spectra (POL hereafter)s Tihi
(PAH) lines. In principle, these aspects could easily leadan- brary comprises early-type, spiral, starburst, arftedgnt kinds
negligible errors in the determination ofsLvalues. Therefore, of AGN local templates, ranging from100 A to~5 mm. The
we employed two dierent methods to inferk, examining and wide wavelength extension allows us to fit the SED shape us-
comparing both synthetic and empirical templates using@sr ing the multiband catalog. After performing several tesesde-
selected subsample (subsample A). cided to carry out a fit over 5 bands (IRAC band<4 um),
Firstly, according to procedures normally adopted in the liexcluding the optical range, where the evolution in thelatel
erature, we considered Dale & Helou (2002) (DH hereafted) acomponent has a more significatiiset than the dust emission.
Chary & Elbaz [(2001) (CE hereafter) synthetic librariese3éa Since we removed AGN-dominated objects from our sample, we
models do not extend to ficiently short wavelengths to fit the only fit early-type and star-forming models. If we insteadie
SED shape, i.e., they do not include the stellar contrilbuémd AGN SEDs, the estimatedid is only poorly dfected, resulting
atz > 1 only MIPS 24um band data can be fitted, the othem slightly lower values (see also Papovich et al. 2007).ddes
bands moving out of the model range or being shifted to a wau&e poor statistical weight (one amongst five bands) andehnigh
length region dominated by star light. Each model is assedia noise, the 24um band is still fitted acceptably. The mean de-
with a given Lg. In the case of the CE library, each modeliation between observed and fitted magnitudes fou2vde-
is provided with its absolute normalization, and hence vaith tections is £0.28 + 0.53) mag, 68% of objects being consis-
given total infrared luminosity. As for the DH library, we-as tent within 0.48 mag and 95% of objects being consistentiwith
signed a given | to each template using the empirical relatiod mag (considering th&,4 > 20 uJy subsample). An exam-
in[Marcillac et al.(2006) betwednr and the predicted®®/ f1°° ple of different kinds of spectral energy distributions fitted by
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icant way. The observedd—redshift relation agrees with that
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F I 3 only able to detect the more luminous sources as we move to
o higher redshift.
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Fig. A.3. Comparison between the total infrared luminosity esti- 100} . .
mated with_Dale & Heldu (2002) and Polletta et al. (2007) tem- E ]
plates. Black and gray dots and red crosses indicate olfijgeets e T S—
respectively by starburst, spiral-like and early-typepéates by Redshift

Polletta et al.[(2007). Synthetic models appear to ovenasé

L r at bright luminosities in the highest redshift bin when com-. ) . .
pared to empirical templates. Fig. A.4. Relation between total infrared luminosity gl

computed using Dale & Helou| (2002) (upper panel) and
Polletta et al..(2007) templates (lower panel), and retdBidick
dots represent fluxes above 88y, gray+ black dots refer to our

Polletta et al.|(2007) templates is reported in Eig]A.2. sample limited at 2@Jy.

Figure[A3 shows the comparison betweer Estimates ob-

tained with the DH synthetic library and the POL empiricaéon

Source classification based on the spectral shape fittirgeagr

with that assumed from 24m emission. As expected, the onlyA

galaxies fitted by early-type SEDs (red crosses) have vény fa

24 m emission. Moreover, objects tend to be fitted by starbursir Sect[ 3.2, we compared twofldirent tracers for the star for-

like models (black dots) rather than spiral-like ones (gtats) mation rate, one derived from the 2# emission and the other

as redshift increases. Although the scatter between the tinferred from a SED fitting technique. Although the two esti-

Lir estimates is larger than in the previous case (note that,nitators were found to be consistent overall, in a more careful

contrast to Fig. All, the y-scale is logarithmic), we foutmb@gl analysis they were found to exhibit a systematic trend depen

consistency between the two adopted procedures. The dnly irg on the SFR itself as discussed in the text. To assesslthe re

evant deviation fiects the highest redshift bin: in this redshifability of the SFR measurements inferred from the SED fitting

range synthetic models appear to overpredict, by up to erfaft and hence concrete evidence of this characteristic treadypy

10, Lir for bright objects. The same behaviour was observed plied an error analysis similar to that widely adopted inikim

Papovich et al! (2007), where gdn flux, fitted with DH library, cases|(Papovich etlal. 2001; Fontana &t al. 2006, 2009)\Brie

seems to overestimate the SFR (which is almost proportiofia¢ full synthetic library used to identify the best fit speot

to Lir) with respect to the case where longer wavelengths (@as compared with the observed SED of each galaxy. For each

and 16Qum MIPS bands) are considered as well. They correcte@ectral model (i.e., for each combination of the free patans

this trend using an empirical second-order polynomial.ilsir  age, 7, Z, E(B - V)), the probabilityP of the resultingy? was

trend of the 24um flux overestimating |z at bright luminosities computed and retained, along with the associated SFR. In the

was also pointed out by Bavouzet et al. (2008) and Riekel et éhse of galaxies with only photometiican additional source

(2009). In our work, we used the Dale & Helau (2002) librarwf error was the redshift uncertainty. To account for tHig, ér-

for consistency with previous works and for which the lowror analysis was completed by allowing the redshift to beea fr

ering correction needed to estimate the SFR was provided frameter at a local minimum aroungiz.

Papovich et al! (2007). We chose two subsamples by performing the error analy-
In Fig.[A4, we show lg, estimated using both syntheticsis, for the cases SFRuv << SFR;; and SFRy,uv >> SFR;.

(DH) and empirical (POL) templates, as a function of redshifThese two subsamples were called subsample A1 and subsam-

Once again, the two libraries provide fairly consistenutiss ple A2, and selected to complete a reliable statisticalyasil

All'in all, the conversion between fluxes and total infrarad | in both cases. Subsample Al is made of galaxies havidig0

minosity does not depend on the assumed templates in a-signik 1.0, SFRr,uv < 10Mgyr—* and SFRk.uv/SFRy < 0.8.

ppendix B: Error analysis for SFR ¢
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drawn from the same distribution is negligible§% 107° and

SRy / SR " 7.3x 10729 for subsample A1 and subsample A2, respectively).
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Fig. B.1. Probability distribution of the star formation rates es-
timated through the SED fitting technique averaged over each
subsample. Upper and lower panels show subsample Al and A2
(see text), respectively. The solid line shows the prolistak-
sociated with the SFR inferred from the generic fitted terepla
SFR, as a function of the ratio SERSFR.eqfit. The dotted line
shows the distribution of SRR uv/SFRes it fOr all the galaxies

in the subsample. The dashed line shows the average value for
SFRRr+uv/SFRhestfit-

Subsample A2 consists of galaxies in the redshift bin 1.5+ 2.
with SFRr,uv > 200|\/I@yr‘1 and 2 < SFRg.,uv/SFRit < 20.
Highly obscured AGN candidates were removed from both sub-
samples.

The results of our analysis are shown in Hig.1B.1. We
show the probability distribution of the star formation st
estimated by the SED fitting averaged over each subsample.
We plot the probability associated to the SFR inferred from
the generic fitted template, SERas a function of the ratio
SFR/SFR«tit- We also show the distribution and the average
value of SFRk.uv/SFRuestfit-

As expected, the probability curve is much wider at higher
redshifts than at lowez, where the spread in our data also be-
comes larger (see Fi§] 3). This is caused by the faintness of
the galaxies observed at these redshifts and to the l&rger
corrections. However, it is clear from Fig. B.1 that the SBD fi
ting for galaxies in both subsamples is well constrained], an
that the inferred average SFR is significantly higher (Igwer
than the one derived from the IR emission. Indeed, the agerag
SFRr+uv/SFRessit (dashed line) as well as their distribution
(dotted line), occupy the tail of the SHBFR,e+it distribution.

We also inspected the individual probability curves, cdnsi
ering, for each source, the ratio of the probability that 8fR
from the SED fitting equals SR v to the best-fit probability
P(SFR=SFRRr.uv)/P(SFR=SFRx«tit). The fraction of galax-
ies with a ratio higher than 0.4 is 17.4% and 7.2% in subsasnple
Al and A2, respectively.

Finally, according to a Kolmogorov-Smirnov test, the prob-
ability that the SFR values derived from the two tracers are
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Fig. A.2. Different typical observed spectral energy distributionsfittgPolletta et al! (2007) templates. From top left, in datk-
wise direction, galaxies have been fitted by an ellipticabiaal and two starbursts templates. The green shadedriegiicates the
wavelength range used for the fitting procedure.
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