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ABSTRACT

Models of galaxy evolution assume some connection betweeRAGN and star formation activity in galaxies. We use thetimul
wavelength information of the CDFS to assess this issue. édetsthe AGNs from the 3 MXMM-Newton survey and measure
the star-formation rates of their hosts using data thatemist-frame wavelengths longward of @@, predominantly from deep
100um and 16Qum Herschel observations, but also frofpitzer MIPS-70um. Star-formation rates are obtained from spectral energy
distribution fits, identifying and subtracting an AGN comeat. Our sample consists of sources in zhe 0.5 — 4 redshift range,
with star-formation rates SFR 10" — 10° Mg yr~! and stellar massed, ~ 10'° — 10'*°Mg. We divide the star-formation rates
by the stellar masses of the hosts to derive specific stardtion rates (SSFR) and find evidence for a positive corogldtetween
the AGN activity (proxied by the X-ray luminosity) and theS for the most active systems with X-ray luminosities exiieg
Ly ~ 10%ergs? and redshiftz > 1. We do not find evidence for such a correlation for lower lumsity systems or those at lower
redshifts, consistent with previous studies. We do not fimg@rrelation between the SFR (or the sSFR) and the X-ragrptisn
derived from high-qualityXMM-Newton spectra either, showing that the absorption is likely toilleeld to the nuclear region rather
than the host, while the star-formation is not nuclear. Carmg the sSFR of the hosts to the characteristic SSFR of@taing
galaxies at the same redshift (the so-called “main sequiemneefind that the AGNs reside mostly in main-sequence ancbstat
hosts, reflecting the AGN - sSFR connection; however theaigaft selection might bias this result. Limiting our anadys the
highest X-ray luminosity AGNs (X-ray QSOs with, > 10*ergs?), we find that the highest-redshift QSOs (withx 2) reside
predominantly in starburst hosts, with an average sSFR thare double that of the “main sequence”, and we find a few cafkes
QSOs atz ~ 1.5 with specific star-formation rates compatible with the msgéquence, or even in the “quiescent” region. Finally,
we test the reliability of the colour-magnitude diagranoffihg the rest-frame optical colours against the stellass) in assessing
host properties, and find a significant correlation betwesst-frame colour (without any correction for AGN contriiout or dust
extinction) and sSFR excess relative to the “main sequeata’given redshift. This means that the most “starburstyéab have
the bluest rest-frame colours.

Key words. Galaxies: active — Galaxies: Seyfert — Galaxies: statisticGalaxies: star formation — X-rays: galaxies — Infrared:
galaxies 1
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1. Introduction at higher redshifts (5 < z < 2.5). In this case, gravitational

instabilities of the system may cause the transfer of nelteri

One .Of t_he most significant observations of modern-day astid the centre through the formation of bars and pseudo-bulge
physics is the evidence that the mass of the super-massigk bl Kormendy & Kennicutt, | 2004). Hopkins & Quataert (2010)

hole (S_MBH)_in the centre of any galaxy is correl_ated to thEnd Diamond-Stanic & Rieke (2012) connected the black-hole
properties Of. its bulge, parametrised by the spher(_)ld I‘_’B_‘W accretion to the nuclear star-formation. In this study, weeand
(e.g.Magorrian et al.. 1998), or the spheroid velocity eiSPn o search for an AGN-host connection to higher redshifts.
(e.g. [ Ferrarese & Merrit ’..200.0)' This relation has a small i Observationally the identification of a connection between
trlnS|c_d|sperS|on (e.g. Gultekin etlal., 2009) which imeplan the star-formation and accretion rates is challenginge@atly
evolutionary .connectlon .between the SMB.H and the sphero "high redshifts. The mosftiecient way is to isolate the char-
The mechanisms that build the super-massive black holeh@nd i -iaistic emission bands of both processes, namely thié har
bulge of the galaxy are an active galactic nucleus (AGN) agd, . e mission from the hot corona of the AGN and the far-
star-formation or possibly merging episodes, respegtiiélere iareq emission from cold dust heated by the UV radiatibn o

is_additional evidence that_th.e space dgnsity Of AGNs and CPRassive young stars or radio synchrotron emission from-elec

mic star_formaﬂon have similar redshift evolution, at Ieap_ trons accelerated in supernova explosions. Previousestuc-

tzoogeéjshlftsz ~ 2 (e.g/Chapman etal.. 2005; Merloni & Helnz1'ng those indicators in deep fields have shown hints of a cor-
T%I | h of the SMBH and the h | relation (e.g. Trichas et al., 2009), which is more promtrian

__ Ihe coeval growth of the and the host galax¥sns with higher luminosities and redshifis (Mullaney et al

implies some causal connection between the AGN and S8510{ Lutz et all, 2010; Shao et al.. 2010). These resultssdrg

formation properties (see Alexander & Hickox, 2012, for a r&,,q,r of diferent mechanisms, secular evolution and evolution
\{lew). Theoretical and semi-analytical models qf galaxglev rough mergers, which take place at lower and higher rédshi
tion through mergers assume such a connection, where A?Jy

- 4 lower and higher luminosities), respectively. Mullgres al.
feedback (e.g. Hopkins etial., _2006; Di Matteo et al.,_20085575%) caution about thefects of both the X-rav (i.e. AGN
plays a catalytic role. After the SMBH has grownfiitiently ) y (e )

. . - nd the infrared (i.e. star formation) luminosities iniaeg with
massive, the outflows driven by the radiation pressure of t

h h di h Id v whi shift, which could mimic a correlation between thoseigal
AGN have enough energy to disrupt the cold gas supply whigli e qja|ly in samples spanning orders of magnitudes in both

sustains the star formation (e.g. Springel etial.. 2005:0King 41 - and find no clear sians of a correlation betwéerand
2005), giving rise to the SMBH-bulge relation. The gas SUR- - ianr'noderate IuminositygAGNsL(( - 107 _ 1044;;351)_

ply for both the AGN and the star formation is often thought tgq e recently| Mullaney et all (2012b) do find hints of coeval
come from the galaxy mergers, which are |d.e.al mecham.sms bwth of the Super-maésive black hole and the host galayy su
removing angular momentum from th? participant galaxies a esting a causal connection (see also Rosarig et al., 2012).
funnelling gas to the central kpc region (e.g. Di Matteo &t al In this paper we use the deepest observations fxivi-

2005; Barnes & Hernquist, 1996). Newton and Herschel, combined withChandra positions and

There is, however, growing evidence that a significant pad’éep multi-wavelength data in the CDFS to investigate th&lAG

of galaxy evolution t_akes plac_e in secularly evolving syse . host connection, expanding to the less well-sampled region
There is a well-defined relation between the star-formatigg. X-ray luminosities Iy > 10*ergs?) and redshifts{ >

rate_and the stellar mass in local star-forming systems (52 ). We exploit the multi-wavelength information implement
€.g. Brmchmar:n et al.,_2004; S,f"“m etal, 2007) whlch_defm g an accurate SED decomposition technique to disentangle
the so-called “main sequence” of star formation. This relgne AGN and star-formation signals in the optical and iricar
tion is also found in higher redshift galaxies (e.g. Elbaal=t on4q and therefore obtain unbiased star-formation fatéise
2007; Daddi et &l., 2007) with a redshift-dependent norsaali A p s’ample. We also make use of accupdiéM-Newton spec-
tion. It is also observed that more signs of recent Merging 4¢, from the deepest 3 Ms observation for the first time, tedv
tivity are found in the morphology of starbursts (defined ate the nature of the AGN - star-formation relation.
star-forming galaxies with star-formation rates highearttihe

main sequence) than in normal (main-sequence) star-fgrmin

galaxies [(Kartaltepe et al., 2012). Mapping the star-fdioma o pata

in high-redshift ¢ ~ 1 — 3) galaxies using integral field spec-

troscopy, Forster Schreiber et al. (2009) find that aboattbind  2.1. X-rays

of those star-forming galaxies have rotation-dominatedikiat-

; ; . \ —— ur X-ray data come from the 3 Ms CDB8VIM-Newton sur-

'&% f,[])ovr‘:g]\?e ns?hg\l/g:sthogpmgz)%zr%f “{Ir?ereg:;t}oi?:gggr'lerge?]t_"ilcl?ey. Initial results of the survey are presented in Comasiai.

Sity atz ~ 1 — 3 takes place in the main-sequence galaxie 2011), and details on the data analysis and source detectio
y P nain-seq 9 ill be presented in Ranalli et al. (in preparation). Brigflye

The hosts of AGNs do not seem to significantly dewat(i frortr)]ulk of the X-ray observations were made between July 2008

g'ﬁqgﬁm Séer%gier:]g?a(ill\/l;lelct)acru]Se)yfghﬁg,nzfizaérseﬂtggrﬂ?clt;i and March 2010, and have been combined with archival data

ween n)&argervs and AGN activity at redsr?i?tsg 7<13. are- taken between July 2001 and January 2002, using a single poin

L : : =2\~ . ing, and covering a total area of 3035 arcmin, centred at the
sult Wh'ch is also confirmed Hy Cisternas et . (."011) n a'smbr?andra pointinggof the CDFS. The total integration time of use-
lar redshift range (@ < z < 1.0), and by Kocevski et al. (2012) ful data is= 2.82 Ms. Standar&MM-Newton software and pro-

* Herschel is an ESA space observatory with science instrumentgdUres were implemented for the analysis of the data, iggld

provided by European-led Principal Investigator conacatid with im- @ Point-spread function (PSF) FWHM ef 10.5 arcsec, which
portant participation from NASA. does not show a significant variation with th&axis angle. The

** This work is based on observations obtained WitM-Newton, XMM-CDFS main catalogue contains 337 sources detected in
an ESA science mission with instruments and contributionscdy ~the 2-10 keV band with & 4o significance, plus a list of 74
funded by ESA Member States and the USA (NASA). supplementary sources (detected with PWXDetect, but ribt wi
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EMLDetect), down to a flux limit of 6.6 x 107 erg s* cm™.  tentway: MIPS and PACS flux densities were derived with a PSF

X-ray spectra are produced for 169 sources from both ligts, ditting analysis, guided using the position of sources detéc

tected with a significance above-&nd a flux limit of~ 2x1071> in the deep MIPS-24 observations described in $ect. 2.3 Thi

erg s cm2. The spectra have been fitted in XSPEC with a sinmethod, presented in detaillin Magnelli et al. (2009, 20h&)

ple baseline model of an absorbed power-law and the additibime advantage that it deals with a large part of the blendisiggs

if necessary, of a soft excess component and and=ne. encountered in dense fields and provides a straightforvesal a

ciation between MIPS and PACS sources. This MIPS-24-guided

) extraction is also very reliable for the purpose of this gfum-

2.2. Optical - near-Infrared cause in the GOODS-S field the MIPS-24 observations are deep

The area around the CDFS is one of the best observed area&1gugh to contain all the AGNs of the MIPS-70 and PACS im-

the sky, with a wealth of data. In this work, for the identifioa 29€S (Magnellietal.. 2011; Magdis et al., 2011). The flux-den
Y ity limits of the MIPS-70 catalogue used is 2.5 mJy-{6For

of our sources in the optical and near-IR wavelengths we LE oo
the MUSYC catalogues of Gawiser et al. (2006) and Taylorlet 81 PACS 100 and 16@m, flux density limits of our catalogues

: y / 0.6 and 1.2 mJy (&) in the 13x11’ inner part of the GOODS-
(2009).[Gawiser et &l (2006) present the optical surveyhef t'S " ) . i
extended CDFS (see _Lehmer et al., 2005, hereafter E-CDFS)€ld and 1.2 and 2.4 mJy  in the outskirt of the field. All

with the MOSAIC Il camera of the 4-m CTIO telescope, usinf{!€S€ values include confusion noise. For the sub-mm péneof
a BVRIZ filter set. The source extraction is done using a comPECtrum, we also use the 870m LABOCA and 1.1 mm AzTEC

bined BVR image and the catalogue is completeRigs = 25. catalogues of Weil3 et al. (2009) and Scott etlal. (2010), kvhic
Taylor et al.[(2009) combine a large set of optical datayidelg €2ch depths of 3.5mJy and 1.4 mJy at the 3.7 afid Bevels,

the[Gawiser et all (2006) data-set, with near-IR data, pifyjna "€SPectively.
from the ISPI instrument on the CTIO telescope. The catadogu

contains sources detected in tieband down to a & limit of 25 Radio
Kag = 22 and includes photometry in tHéU3gBVRIZ JHK o

bands. The E-CDFS has been observed with the VLA in two bands (20
and 6 cm) and the catalogues are presented in Kellermann et al
(2008) and Miller et al.[(2008), the former presenting bdté t
20 and 6 cm results, and the latter presenting the deeper 20cm
The entire MUSYC area has been imaged \v@titzer-IRAC in ~ catalogue. The & flux density limit of the survey near the cen-
four bands, 3.6, 4.5, 5.8, andd§m. The central region is im- tre of the field is 43.Jy and 5%Jy, at 20 cm and 6 cm, respec-
aged as part of the GOODS survey, and these data are combiiwgly. For this work we also check the much wider and shal-
with more recent observations of the wider E-CDFS area in thaver ATCA 20 cm observations of Norris et &l. (2006), but we
SIMPLE survey [(Damen et al., 2011). The combined data-gé not find any new identifications of X-ray sources, however w
has a % magnitude limit of [36 um]as = 23.86, while the 3r  do find some unique spectroscopic redshift measuremenmts fro
magnitude limit of the central GOODS region is§am]as = their follow-up program; see SeCt. 2.6. We also use the VIz8i ¢
26.15. alogue of Middelberg et al. (2011) to identify any high saga

The GOODS area in the centre of the CDFS has been imadgightness VLBI cores among the radio detections, suggesti
with Spitzer-MIPS in the 24um band with a 5 flux density Nigh surface-brightness AGN cores.
limit of 30 «Jy. A much wider area, including the entire E-CDFS
was imaged as part of the FIDEL legacy program (PI: Dickimsog 6. Redshifts
description in_Magnelli et al., 2009) with ad5flux density limit <™

of 70uJy; we use a combination of the two data-sets for thifhere are a number of spectroscopic campaigns of the CDFS

work. and the E-CDFS available in the literature. For the purposes
of this paper we use spectroscopic redshifts from the fol-
2 4. Far-Infrared - sub-mm lowing works: |Balestra et al. [ (2010);__Casey et al._(2011);
Cooper et al. (2011); Kriek et al. (2008); Le Févre etlal.020
The entire E-CDFS region has been imaged \ghzer MIPS |Le Févre etal. [(2005);. Mignoli et al. | (2005); _Norris et al.
in the 70um band as part of the FIDEL survey. For the innef2006); |Ravikumar et al. | (2007);__Silverman et al. _(2010);
part of the field we also use the combination of observatioBzokoly et al.|[(2004); Taylor et al. (2009); Treister etl2DE9);
from the GOODSHerschel survey (Elbaz et all, 2011) and thevan der Wel et &l (2005) and Vanzella et al. (2008). For sesirc
PACS Evolutionary Probes programme (Lutz etlal., 2011)s Thivhich have no spectroscopic redshift determination we hse p
combination provides the deepest surveyHefschel using the tometric redshift estimates from Cardamone etal. (2010w w
PACS instrument (Poglitsch et al., 2010) in both the 100 ande up to 32 optical and infrared bands, including 18 medium
the 16Qum bands, with a total integration time of more thamarrow-band filters, foBVR-detected sources in the E-CDFS. In
400 hours. Because GOODMerschel observations cover only a cases where the redshift is not available inithe Cardamoale et
13 x 17 field inside the GOODS area, the combined GOODSH20104a) catalogue, or it is flagged as low-quality, we use the
PEP observation has inhomogeneous coverage of the GOOD@hStometric redshifts of Taylor etlal. (2009) using 10 baods
field, with the GOODS-S outskirt being 2 times shallower thali-selected sources, Rarty et al. [(2011) who use publically
the inner deep area. The data reduction and image constructivailable photometric catalogues to determine the phdigne
procedures for the FIDEL and the GOOD&¥schel surveys are redshifts of E-CDFS sources, and _Luo €t al. (2010) who use
described in detail in_ Magnelli etial. (2009) and Magnellaét up to 35 bands from public catalogues to derive redshifts of
(in prep; but see also Elbaz etlal. 2011 and Lutz et al.[20&1), counterparts ofChandra 2—Ms sources. The typical scatter of
spectively. For the source identification and flux densitgdwsi- the photometric redshifts i4z/(1 + z2) ~ 0.01, and using this
nation, allimages (MIPS-70 and PACS) were treated in a sensvalue, we estimate that the induced uncertainty in the iiafta

2.3. Mid-Infrared
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3. The sample

In order to avoid high X-ray flux spurious detections due o re

1 atively high background levels, we limit the sample to those

J sources which have a combin¥M-Newton exposure of 1 Ms

or higher in the 2—10keV band (356 sources in the main and

supplementary catalogues of Ranalli et al. in preparation)

better constrain their positions we look for counterpan®ag

N 1 the X-ray sources observed with tBhandra surveys, namely in

\ J the 2Ms CDFS catalogue df Luo et al. (2010), the 4 Ms CDFS

catalogue of Xue et all (2011), and the E-CDFS catalogues of

Lehmer et al.|(2005) and Virani etlal. (2006). The charasteri

tic positional uncertainty oChandra is < 1 arcsec, compared

1 to the 4-5arcsec oMM-Newton. We keepChandra counter-

] parts which are within 5arcsec of ttMM-Newton position

and find 311 unique associations. We also look for counter-

parts in the 3 um SIMPLE catalogue, using the likelihood ratio

method with a matching radius of 5arcsec, and find another

] 19 sources with.R > 0.85 and all with a reliability> 99.9%.

[ 1 Most of them lie in the area not covered by the 4 ®tsandra

[ 1 CDFS survey (see Fifl] 1). Our final X-ray catalogue contains

Enflnnnnn lnnnnn Mnrnnc - lnrnns lnrnnn 1] 330 sources with good positional constraintsl(arcsec) either

34:000 300 3:33:000 300 32:00.0 300 31:000 from Chandra, or from Spitzer-IRAC. Of the 26 sources with no
Right Ascension unambiguousChandra, or Spitzer-IRAC counterpart, 23 are of

Fig. 1: Spatial limits of the dierent surveys used in this work.|oW-significance £ 5¢) and therefore likely spurious, and three
The grey-scale image is the combined 2-10keV 3 Ms image &€ double sources i@handra, not resolved byXMM-Newton,
the XMM-Newton observations, and the regions aretteeschel Which we exclude from our sample.
area (small rectangle), the 4 Mshandra area (solid circle), ~ Next, we build the multi-wavelength catalogue of the X-ray
the XMM-Newton area used (dashed circle) and the E-CDFSpurces using all the information available and the likedith
Chandraarea (large square). The radio sBuitzer areas used are atio method to select the counterparts, using the position-
all wider than the E-CDFS. ThHeerschel and theXMM-Newton  Certainties provided in the various catalogues. We firstlwiom
areas are the boundaries of the “complete” and “broad” sespplthe SIMPLE catalogue with both th€-selected|(Taylor et al.,
respective|y (See Semg) The sources of the “broad’p@mZOOS)) and thBV.R'SeleCted (GaW|Ser et.al., 2006) MUSYC cat-
are marked with blue symbols, whereas the sources with Fegues (preferringk-selected sources in cases where they are
flux density upper limits in the “complete” sample are marke@etected in both catalogues) and find the optical-infracethe
with red symbols. terparts of the X-ray sources, constraining their pos#jand
then we look for counterparts in the FIDEL and j@4-prior
Herschel catalogues. We find a counterpart in at least one of
the optical or infrared catalogues for 3380 X-ray sources;
one source is too faint to be detected at any other wavelength
than X-rays and the other is close to a bright optical-irddar
luminosities and stellar masses (see Sé&ct$. 3.1and 3r@rh) fsource and is missed by the source detection algorithms. The
the photometric redshift uncertainty is 20%, therefore not positions of our optical-infrared counterparts are in gagcee-
important for the overall uncertaintie of the aforemengidn ment with those of Xue et al. (2011) and Luo et al. (2010) for
values. the sources in common; more than 90% of the counterparts are
within 0.7 arcsec of the optical positions given in thoseacat

1 T : - idogues. We use the optical positions to look for radio comunte
The spatial limits of the dierent surveys described in this X .

section aPe shown in Fi@l 1. The grey-scgle image is the coRfrts In the Ke”efmanf‘ at al. (2008) and _M|Iler et al._ (2008)
bined 2-10keV image oKMM-Newton and the regions are and find 53 matches Wlt_hln a 2arcsec radius, e>_<c|_ud|ng X-ray
theHerschel area limiting the combined GOODBerschel—PEP  Sources which have multiple radio counterparts within t8ec,
catalogue (small rectangle), the 4 \@bandra area (the region which would be indicative of FRII radio AGNs. For the_ qu'
where the fective exposure is larger than half of its maximung’M catalogues, because of their large positional uncéiain
value; solid circle), th&XMM-Newton area (the region where the(~_8arcsec) we use the likelihood ratio method to assign a
total integration time is higher than 1 Ms; dashed circlefl arFIDEL'24 counterpart to the sub-mm sources, and if thises th
the E-CDFSChandra area (large solid square). The radio and
In this study, we use X-ray sources spanning the entivivi- ally adc_>pte<_1| in cases where a counterpart is so_ught in a ecwdta-
Newton region, and use information from all the other survey89Ue (in this case the SIMPLE catalogue), and it uses ttfaciden-

. : ity of objects of a given magnitude to estimate the profigitihat a
to measure their star-formation rates and stellar masses. -Eounterpart at a certain distance is a chance encounterxanpe of

smallerHerschel area is used to construct a “complete” samplgsing this method to find infrared counterparts®fM-Newton sources
of X-ray AGNs, where we have FIR detections or upper limcan be found i Rovilos et al. (2011)

its for the majority of the AGNs (see SeCf.3.3), while for the 2 The reliability is a measure of the probability that the stee coun-
wider area (“broad” sample) we use /it measurements from terpart is the correct one, and it is used in cases where maredne
the FIDEL survey. possible counterparts are found.
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same as the FIDEL-24 counterpart of the X-ray source we cC & g ——rg
sider it as reliable. We find a LABOCA counterpart for five X- [ gi7o f;:oyr.ﬁ"gs) CDrS 328
ray sources, and an AzTEC for two of these five. Finally, wéloc g L M.=2.05x101°M,

for redshifts and find 215 spectroscopic redshift detertiona " ¢
from the various catalogues listed§f2.8, and 106 photometric_E
redshift estimates. Nine sources have no redshift detetioim,

[ Ly youey=2-5x10% (cgs) CDFS 243 |
£ SFR=87.3 Mg yr~! z=1.894 5
F M.=1.40x101 M, E

10-12

vf, (ergs='cm2)
10414 10413

10-15

are in the area observed by PACS (see[Hig. 1) with no detecti
There are 15%XMM-Newton sources inside the PACS area an ¢

94 of them are detected. Of the remaining 61, 20 are inregic o7 0 T
confused with nearby bright FIR sources, and 41 are upper lii., rest-frame A(um) rest-frame A(um)
its.

10-18

B L) e e e L S
F Ly joxev=2.9%10% (cgs) CDFS 228 J
[ SFR not constrained z=1.216 ]
L M.=1.22x10' M,

10-11

[ Ly_jouey=1.4x10% (cgs) CDFS 153 |
£ SFR<28.6 M, yr-! z=1.609 3
F M.=7.35x101 M, 3

10-12

3.1. Stellar masses

10-12

The most reliable method to derive stellar masses for gaIEE
ies is the fitting of their broad-band spectral energy distr::
butions (SEDs) with synthetic stellar templates with knowg
star-formation histories and dust_extinction propertisse( -5 &
Shapley et all, 2001; Papovich et al., 2001, for the linotagiof ~ |
the method). The stellar componentis important at optiealer % &
lengths & 1 um), but we use the full multi-wavelength informa- ~ b v v ol
tion (excluding radio and X-rays) to fit the SEDs. The reasc  *' L\ fomeagum) ™ : rast—frame A(um)

for this is that the AGN canfect the optical properties of the

system (see e.q. Pierce et al., 2010), and by fitting a combifdg. 2: Examples of the SED fitting used to derive stellar reass
tion of AGN and host templates using the infrared photoroetré@nd star-formation rates, selected to demonstrate thestiven
information we can constrain the AGN contribution. the SEDs of the X-ray sample. The star-formation comporgent i

For the optical-infrared SED fitting we use the procedurelotted in red, the AGN componentin blue, and the stellarcom
described in_Lusso etlall (2011). We applyy@ minimisa- ponentin green. In magenta we plot the combination fittedeo t
tion method using stellar templates from the Bruzual & Golarl data-points. The stellar component is only confined by tte op
(2003) stellar synthesis code, applying solar metallicitynix- cal wavelengths where it usually dominates the flux, butether
ture of constant and exponentially decaying star-fornmatites, are cases where we detect a substantial AGN contributiod. Th
and a Galactic disk initial mass function (IME; Chabrier0Zp star-formation componentis confined by the FIR flux with rest
We redden the stellar SEDs using the Calzetti 2 al. (200@) Idrame wavelengtk 20um, and again there are cases where the
and combine the reddened SEDs with star-formation infrar&¢R flux is dominated by the AGN. With downward arrows we
SEDs from_Chary & Elbazl (2001) (105 templates wittifeti-  plot far-IR upper limits (see Se¢t. 3.3), where the resglstar-
ent FIR profiles in the 3- 1000um range) and four AGN SEDs burst component is plotted with a dashed line. The numbering
from [Silva et al. [(2004), which span from the optical to thé the top-right corners of the panels refers to the prelanjn
far-infrared with diferent absorption properties (unabsorbed 8MM-Newton catalogue number.

Ny 2 10%*cm?). Some characteristic results of the optical-to-

infrared SED fitting, as well as a FIR-limit example can bensee

in Fig.[d. These are examples of both AGN and starburst dom-

inated SEDs. There is enough optical information (photoynet

and redshift) to fit an SED for 304 of the 330 sources. Sources

with a detection in the Taylor et lal. (2009) catalogue (thgoma ties from the parameters included in the stellar synthesis p
ity of the optically-detected sources) typically have mmetry cedure are estimated to be0.15dex (Bolzonella et al., 2010),

in nine optical - near-IR ban@sand those detected only in theand checking the stellar masses aiidvalues of SED fits with
Gawiser et al.[(2006) in six bands, which are used for the dgifferent templates andftiérent relative contributions, we esti-
termination of the stellar masses. We do not take into adcoumate the final uncertainty in the stellar masses te 825 dex
upper limits for the fitting, but check that the predicted ftlen- at the 90% confidence level (see Lusso et al., 2012, for a more
sity value of the fitted SED is indeed lower than the limit. Thdetailed description of the method). We also note that tiee us
reduced ? values of the best-fit models are typically in the 1-10f the |Chabrier|(2003) IMF causes a slight underestimation
range, after reprocessing the flux density errors using dratia  of the stellar masses with respect to the Kroupa (2001) IMF,
combination with the 10%-level error, to account for theidgp in particular they are on average lower by a factor~ofl.1

flux differences between the SED templates used. (see Bolzonella et al., 2010; Pozzetti etlal., 2010; Hagndéihal.,

The method we use to calculate the stellar masses indu2@4.l). In this work we use the Chabrier (2003) IMF in order
uncertainties both from the choice of theffdient parameters to avoid an over-prediction in the number of low-mass stars
fitted, and from thg? procedure itself. The derived stellar mas¢Hainline et al.; 2011), but we also combine the stellar ass
values are potentially strongly influenced by such uncetitss, Wwith star-formation rates; the latter are based on infréwed-
especially at high redshifts, like the majority of the samsén nosities. This star-formation rate proxy useslthe Krou@@13
our sample (see also Michatowski ef al., 2012). The unaertaiMF for its calibration (see Murphy et al., 2011), so we irase
the stellar masses we derive through the SED fitting by a ffacto
3 We do not use the photometry in thiag band for the SED fitting  of 1.1 to be consistent with the star-formation rates.

10-13

e

)

SE 3
= F

vf, (ergs™'cm2)
10 14

10—15
LY,

10-16




E. Rovilos et al.: GOOD$Herschel: Ultra-deepXMM-Newton observations reveal AGhtar-formation connection

3.2. Star-formation rates from the IMF, star-formation history and extinction law dse
(see Bolzonella et al., 2010).
In Fig.[3a we plot the star-formation rate measured from the
ared luminosity of the sources detected in the fararéd
against the SFR measured from the optical SED fitting after co
cting for extinction, excluding the AGN contribution fboth
ases. All X-ray sources with an infrared measurement eih r
me wavelength above 2n and an optical identification (in
MUSYC) are plotted with a circle. We exclude these 14 cases
where, according to the SED decomposition, the flux density
of the longest wavelength data-point is dominated by the AGN
3.2.1. Infrared luminosity so that the SFR cannot be constrained (see[Eig. 2c). I Hig. 3a
o . we also include SFR upper limits for the X-ray sources in the
The IR luminosity is arguably the most reliable tracer of-stayerschel area which are not detected bierschel: for one of
forming activity and is well correlated with other trace&eé the 41 X-ray sources with FIR upper limits we do not have any
Kennicutt,| 1998a; Kennicutt & Evans, 2012, for reviews)eThphotometric data-points to perform an SED fitting in the mid-
IR photons are emitted by the dust surrounding young stajirared, while another four are not detected in the opioal
W_h|ch is hea_ted by their ultra-violet radiation. In_thls_papve have no redshift determination, so 36 upper limits are gébin
will use the integrated rest-frame-81000um luminosity and Fig [33. The solid line is the 1:1 line and the dotted lineskmar

Star formation in galaxiesfiects almost all of their observed
properties, from the X-rays to the radio wavelengths, sme’[hqnfr
are traditionally a number of ways to measure the star-ftioma
rate (SFR). In the cases of AGN hosts we can rule out the X-ra
since they are completely outshone by the AGN (see {&8).

In this work we test three methods based only on flux dens
measurements: i) infrared luminosity, i) radio lumingsind
iii) optical SED fitting.

the equation: the =1 dex region. We can see that out of the 109 points of Fig.
B4, 79 are between the dotted lines, while for 29 sourcegusin
SFR [ Lir _ .
Moyrt)~ 3.88x 10 ergs? (1) the optical SEDs underestimates the SFR by more than an order

of magnitude; for one (and two upper limits) the SFR is over-
from(Murphy et al.|(2011). In order to measure the IR lumihosi estimated by more than an order of magnitude, assuming that
we perform the SED decomposition describedB11 anew, us- the infrared SFR is reliable. The star-formation rate ested

ing only the infrared data-points froBpitzer andHerschel, the from the optical SED is a highly model-dependent value, and i
completel Chary & Elbaz (2001) host templates (i.e. inclgdinvery sensitive to the star-formation history assumed irstaliar
wavelengths 3um), the AGN templates, and ignoring the synsynthesis models, which shape the optical SED. It is alse sen
thetic stellar part. The method we use is the same as dedcribitive to dust extinction, which would cause an underedina

in |Georgantopoulos etiall_(2011a) and Georgantopoulos etalthe SFR, explaining the behaviour we see in Eig. 3a. Due to
(2011b), using the SED templates describe§iZal. We do this this large scatter and systematitset, we do not rely on the op-

in order to avoid the degeneracies in the optical wavelengtiical SED fitting to derive star-formation rates and use ityon
between the stellar and AGN light, which coulffext the fit- for stellar mass determinations. The stellar mass is agrated

ted AGN contribution to the infrared luminosity; this way wevalue and therefore less sensitive to the assumed stagfiom

fit fewer free parameters. For the infrared SED decompasitiohistory. Moreover, we do not detect any obvious dependehce o
we require at least three mid-IR points fradfpitzer-IRAC to the diference between the SFR determination using the two es-
determine the shape of the mid-IR part of the SED, and at letistators on X-ray or optical classes, which would indica@M

one flux density determination in a rest-frame wavelenggh&i contamination as the cause of the scatter.

than 2Qum, which we can use to constrain the far-IR part of the
SED; there are 125 X-ray sources which comply with these cgj
teria. The FIR flux density determination comes from FIDEL=
70um (for z < 2.5), PACS-10Qum (for z < 4), PACS-16Qum, The radio luminosity of star-forming galaxies is tightlyroe-
sub-mm (LABOCA angbr AZTEC), or a combination of them. Jated with their infrared luminosity (sée Condlon, 1992, doe-

We use the galaxy component (AGN-free) to calculate the stafew), and this correlation holds even for cosmologicaigynif-
formation rates, and for 14 cases the AGN component donsnajgant redshifts£ ~ 2;/Appleton et al., 2004; Ivison etldl., 2010);
even the longest wavelength IR data-point available, saéie we test it in this work as a possibility to derive the stamfation
termination of the AGN-free part of the IR emission is not-rel rates in X-ray sources without far-infrared detectionse Tadio
able. The uncertainties in the IR luminosity values cometimos emission in star-forming systems is generated by synabmotr
from the SED decomposition, and a check of ffevalues of radiation from relativistic electrons accelerated by sapea in-
fitting secondary solutions not selected yields an unagstaif  duced shocks and free-free emission in kegions. The caveat

~ 0.3dex (or a factor of two) in the 90% confidence level, fois that AGNs themselves can produce radio emission through
the vast majority of the sources. The uncertainties ariiog radio jets or compact high surface-brightness synchratooe

the far-IR flux errors are much lower. emission from relativistic electrons heated by the AGN.rEfis

a dichotomy in the radio power of quasars (Miller etlal., 1990
with sources havindis g, > 10°°W Hz™! being characterised
as “radio-loud” and their power source being closely cotedc
The star-formation rate can be derived as a by-product tof the AGN, and sources havirg gy, < 10°°WHz™! being

the optical SED fitting performed i§[3.1, using the star- characterised as “radio-quiet” and having a controversyutib
formation history and age assumed, and the normalisation frtheir power source. Alternatively, the radio to optical flka¢

the photometry. Similar methods have been widely used ip de# is used in some studies tofidirentiate between radio-quiet
fields, including the CDFS (e.g. Brusa et al., 2009), espigciaand radio-loud AGNs| (Kellermann et/al., 1989). However, the
if far-infrared photometry is not available. In the next @ar dichotomy between radio-loud and radio-quiet sources is no
graph we will test its reliability, since it is a highly model clear if more complete samples are used (e.g. White et &()20
dependent method with systematic uncertainties arisinglyna with many objects in the “intermediate” region, making treet

.2.3. Radio luminosity

3.2.2. Optical SED fitting
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Fig. 3: Comparison of the star formation rates of X-ray seareneasured using the infrared 8000um luminosity, and the optical
SED fitting (a), or the 1.4 GHz radio luminosity (b). Blackaes mark reliable fits in both optical and far-infrared (adio)
wavelengths, excluding cases where the AGN SED dominatastee longest wavelength flux density available. Sourcasrspg
over the whole 3 MXMM-Newton region are used in these plots, while the downward arroves tefHerschel non-detections in
the PACS area (35 cases), and leftward arrows in the rigtalpafer to radio upper limits spanning over the whxMM-Newton
region (112 cases). The solid and dashed lines in both pegmissent the 1:1 relation and thé& dex deviation, respectively, and
the vertical dashed line in the right panel marks the catedlatar-formation rate of a source havingygh, = 10°*°WHz™ ! =
10°*°erg st Hz L. The significant deviation form the 1:1 relation of both saaad the significant scatter of the optical SED (left)
case prevent us from using any of the two SFR tracers in tigismpa

sition smooth with only a vague limit. Recenily, Padovarlet according to thé 4cH, > 10°%° erg st Hz ! criterion (three are
(2011), using the luminosity functions offtirent types of ra- also detected in the far-infrared and are included in[Eiy. Bhe
dio sources in the CDFS, argue that the major contributigtar-formation rate is calculated using

to radio power in the diuse part of radio-quiet AGNs comes

from star-formation, though taking a somewhat stringenitlto SFR L
characterise the radio sources based on their radio luitiess ( ) = 6.35% 10-29(ﬂ) ©)
(Liachz = 10245 WHz ! = 1035 ergsiHz L, combined with \Moyr ergstHz!

other observational characteristics).

For this work we test how reliable the radio luminositiegMurphy et al.,| 2011). In Figi_3b we plot the star-formation
are in estimating star-formation rates for an AGN samplagisirates from the infrared and radio luminosities for sources b
the VLA 1.4 GHz flux densities from Kellermann et al. (2008)ng detected in both bands, keeping the same range and sym-
and_ Miller et al. (2008), also checking the VLBI catalogue afols as in Fig[3a. We also plot the radio and infrared (for
Middelberg et al.[(2011) to exclude any high surface-bngkt the Herschel area) upper limits with arrows. The scatter in this
compact cores, characteristic of non-thermal nuclear®aris case is significantly lower than in Fig:J3a. However, the mean
not connected to the star formation (e.g. Giroletti & Paaessog(SFRr/SFR.4cH,) Of the radio detections is0.48 (with-
2009). We calculate the radio luminosities using out taking into account the VLBI sources and the upper lim-
@) its) with a standard deviation ef = 0.39. The dashed verti-

cal line in Fig.[3b marks the calculated SFR of a source hav-
wherec is the radio spectral index, assumiBg « v, and ing Lisgh, = 10°*°ergstHz?, thus being border-line radio-
it is calculated from the relative radio flux densities at &l loud according to the limit of Padovani et al. (2011). If wege
5GHz. In cases where the 5GHz flux density is not availabikis limit and calculate the mean log(SRRSFR..4cuHz) Of only
we assumer = 0.8, characteristic of synchrotron emission (sethe radio-quite objects, its mean and standard deviatioarhe
Condon| 1992). There are 53 X-ray sources with a radio counte0.45+ 0.40, so there is still contamination from the AGN emis-
part within 2 arcsec and without another radio source clibser sion; most probably we are detecting in the radio band those
10arcsec, the latter would suggest an FR 1l radio-loud saursources which are in the top of the radio flux distributionmse
Eight of these sources have a high surface-brightness @sre tthing which is supported by the location of the upper limits.
tected with VLBI with a flux density above 0.5 mJy, and are reBecause of this contamination, we do not use the radio power
moved from the test sample, and a further eight are radid-loas a star-formation proxy in our AGN sample.

LiacHz = 4702S1a6mAL + 2"t
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Fig. 4: Optical magnitude against 2-10keV flux density f@ thrig. 5: Histograms of the basic properties (star-formataes,
XMM-Newton sources with robust SFR estimations. The linesellar masses, specific star-formation rates, and res}lhfr
mark the-1 < log(f«/ fopy) < 1 region and open symbols sourceshe 99 hosts of the X-ray AGN sample used in this work. The
with Ly < 10*ergs?. We exclude the 10 sources which havehaded histograms show the same properties for X-ray QSOs,
bothLy < 10*?erg st and log(fx/ fopr) < —1 from our final sam- i.e. sources with, > 10*ergs™.

ple, as normal galaxy candidates.

the galaxy is forming stars. To calculate the sSFR for the AGN
3.3. Final sample in our sample, we use the star-formation rates measuredfrem
infrared luminosity. We have calculated the sSFR for 99 X-ra

We start with a sample of 356 X-ray 2-10keV selected sourc&&Ns, 77 with spectroscopic redshift and 22 with photoneetri
from the 3 MsXMM-Newton survey with a total integration time redshift. The SFR, stellar mass, sSSFR and redshift histogra
more than 1 Ms, 330 of which have goad { arcsec) positional are shown in Fid.]5.
constraints fromChandra or Spitzer. We have enough optical ~ The sample described in the previous paragraph (hereafter
information to fit an SED and calculate the stellar masses figle “broad” sample) is not a complete sample of X-ray detkcte
304 of these 330 sources. On the other hand, we rely on W&Ns, because of the various selections of the sourceshwhic
infrared flux density to constrain the SFR of our sample, anighit their number from 356 to 99. This incompleteness might
there are 111 sources with an SFR measurement from the BiRct the statistical properties. In order to account for, that
flux. For 109 of them we can also calculate the stellar mass frereate a more complete sub-sample constrained ikiénschel
the optical SED. area where we have the most sensitive far-IR measuremants. |

As we are dealing with faint X-ray fluxes, there is the possthis area (marked with the small rectangle in Eig. 1) for thiea)
bility that for some of the X-ray sources the X-rays tracemalr sources for which a far-IR counterpart is not found, a FIR up-
star-forming galaxies instead of the AGNs (Ranalli et &032 per limit is calculated from the sensitivity map of the GOGDS
Bauer et all, 2004). In Fig] 4 we plot the hard X-ray flux deasit Herschel—-PEP survey. Thus, we have 155 X-ray sources, 94 of
against their opticalR-band) magnitudes. The lines mark thehem are detected in the FIR, and for 41 we can calculate an
-1 < log(fy/ fopy) < 1 region where the bulk of the AGNs are exupper limit to their 10@um and 16Qum fluxes. Twenty sources
pected (see e.g. Stocke etlal., 1991; Elvis et al.,|1994; Xak,e lie within a 10 arcsec region of a nearby bright FIR source and
2011). Sources with lod{/ fop) < —1 are candidates for beingan upper limit cannot be calculated, they are however a ran-
normal galaxies instead of AGNs (see Tzanavarislet al.,;20@®m sub-sample, noffacting the completeness. Out of the 135
Georgakakis et al., 2006). Moreover, most normal galaxaee h (155-20) sources, eight are associated with normal gaaroe
X-ray luminosities not exceeding 40erg s?, except for a few hosting an AGN, a further 12 do not havefstient optical or
extremely star-forming sources, mainly detected in sub-mmid-infrared information, or a redshift estimate for an SfD
wavelengths (see elg. Alexander etlal., 2005; Lairdlet@L0P and for a further seven the emission from the AGN dominates
Sources with luminosities below the*@rg s limit are plotted over the FIR flux (the AGN-related flux go the highest wave-
with open circles in Fid.J4. There are 10 sources compliatit wilength data-point is higher than the star-formation relgteak-
both thefx/ fop: and thely criteria, and they do not show anying a star-formation measurement not reliable. Summingvep,
signs of obscuration in their X-ray spectra, so we removethecalculated the SFRs and stellar masses of 108 out of the 127
from the AGN sample. (~ 85%) X-ray AGNs in the GOOD$terschel region, for which

A fundamental property of each galaxy is its specific staa FIR flux determination is possible (76 detections and 32 up-
formation rate (sSFR), which is defined as the ratio of its- stger limits). Hereafter we will call this the “complete” sahap
formation rate to its stellar mass. It is indicative of hoffr@ent The basic properties (2-10keV luminosities and redstuftd)e
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Fig.6: 2-10keV luminosities against redshift for all the XFig.?: Star-formation rate against hard X-ray luminosity f

ray sources with reds.hi.ft determinations in. the 3 MsIM- X-ray selected AGNs. We plot values of 99 far-infrared de-
Newton survey. The original parent sample is plotted in grej, o 'y _ray AGNs, and 32 FIR upper limits in the area cov-
crosses, while black and red filled circles are plotted fa t y

. red by the deeHerschel survey. The dotted line is the expected
X-ray AGNs with both a stellar mass and a SFR measur, o :
men)t/ (“broad” sample). Red symbols represent sources in EFB luminosity of a pure-AGN source, translated into SFRe(se

; . Mullaney et al.| 2011). We find a strong correlation between t
GOODSHerschel-PEP area, filled fotlerschel detections and g, tormation rate and the X-ray luminosity.
open for FIR upper limits (“complete” sample). The line ig th
6.5x 10%erg st cm2 flux limit, assuming’ = 1.7.

are strongly correlated. However, Mullaney et al. (201 2a)eh

complete sample are shown in Higy. 6 with red symbols (filledi aghown that the correlation between the X-ray and the infrare
open circles for FIR detections and limits, respectivelhjle minosity is sensitive on the evolution of the infrared luosity
the properties of the overall sample are plotted in blacktzylsy  With redshift, and this might befi@cting the sSFRx correla-

and the rest of the X-ray sources are plotted in grey crosses. tion we observe here. To test this hypothesis we apply théapar
correlation test of Akritas & Siebert (1996) and find sigrafi¢

correlations of the sSFR with both redshift and X-ray lunsino
4. Results ties at the 460~ and 440 levels, respectively. However, this par-
4.1 SSFR-L tial correlation test tends to incorrectly reject the rufpothesis

in cases where the two “independent” parameters (hg@nd
In previous studies there has been a controversy about the ex) are also correlated with each other (see Kelly et al., 2@87)
tence of an observational connection between the AGN and thehis case, which limits the reliability of the test.
host galaxy activity. In Fig.J7 we plot the SFR against thedhar In order to further check theffect of the redshift in the
X-ray luminosity of the 99 X-ray AGNs with an estimate of thesSFRL, correlation, we divide our sample into six redshift bins,
SFR described in the previous section and the 32 upper limit®ntaining a roughly equal number of data-points (21 or 229,
There are also two X-ray sources with lower limits in their Xrepeat the Kendall’s method for each bin separately and for
ray luminosities. These are Compton-thick sources whosayX- different combinations. The description of the redshift bing an
spectra are dominated by a reflection component accordingte results of the test (null hypothesis probability) areve in
the spectral fits, and their unobscured luminosities cabaale- Table 1. We can see that there is no correlation at lower iftglsh
termined. The lower limits in FiQl8 are their observed lungino but there is a possible correlation for 1.15 (bins 4, 5, 6) with
ties. Because of the limits, for the statistical analysisuse the > 95% significance. If we merge adjacent bins in order to in-
ASURV package (Rev. 113 LaValley et al., 1992), which implecrease the number of data-points in each bin, the corraléio
ments the methods presented. in Feigelson & Nelson (1985) agdhin found forz > 1.12 (bins 4-5, 5-6) with> 99.8% signifi-
Isobe et al.[(1986). Using the generalised Kendallsethod in cance. In this case however the redshift dependence is glt ne
order to include upper limits, and all the data-points of. Fg gible. We also note that within the redshift bins the samplk-i
we find that the SFR is strongly correlated with the hard X-rayost luminosity-limited. To further check if the X-ray fluixit
luminosity, with a null hypothesis probability lower thartD@%. affects the previous result, we exclude sources with X-raydumi
To simulate a mass-matched sample and study the activibeof hosities lower then the luminosity limit of the highest riifs
host independent of its size, we calculate the specific SFRslimit of each redshift bin, to create truly luminosity-lited sub-
the sample and plot it against the X-ray luminosity in Fig8re samples. Repeating the analysis in those sub-samplesrehe p
Performing the same method, we find again that the two valudeus result does not change significantly, except in thbdsty
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- g ties cannot be constrained, not even with an upper limit.df w
- ° 1 consider the SFR estimations from the optical SEDs, althoug
L * 4 unreliable, they are consistent with the (s)SEReorrelation.
Moreover, their number is 10% of the sample used, so we are
confident that they will notféect the result.

10

4.2. Redshift evolution

The average sSFR of star-forming galaxies increases with re
shift at least up t@ ~ 2 (Elbaz et al., 2007; Daddi etlzl., 2007),
and in this section we investigate how the hosts of an AGN
evolve with respect to the general population. In Eig. 9a lee p
the sSFR of the AGN hosts against the redshift. The veriivasl
refer to the redshift bins of Tab[é 1, while the solid curvéhis
expected main-sequence sSFR, according to

1

1

sSFR (Gyr~1)

lIIIIIlI

~ 26x 1722 7<2156
SSFRys[Gyr ] = { 2. ™ otherwise @)

0.1
TTTT]

wheretgosmicis given in Gyr. The grey area denotes the borders of
Y RN T S the starburst and quiescent areas, defined as double arttidalf
1042 1043 10% 10**  main sequence sSFR, respectivély (Elbaz et al.,|2011). e no
log Ly jouev (ergs™) here that the increase of the main-sequence sSFR does not con
tinue forever, and in Elbaz etlal. (2011) the density of qadants
Gs)rf.Jpporting the above relation dramatically decreases:a?.5.
here is evidence that the main-sequence sSFR is constar ab

Fig. 8: Specific star-formation rate against hard X-ray luosity
for X-ray selected AGNs. The grey, blue, green and red symb

refer toz < 1.120, 1120 < z < 1.615, 1615 < z < 2455and ' "5 (Siaric et 41 2009; Gonzalez et L., 2010) with a value of
Z > 2.455, respectively. The error-bars and their associated II%SFR}IS ~ 2 Gyr L. According to the above relation the value of
refer to the mean luminosities and specific SFRs of the higdi- aSSFR/IS —2is reéched at = 2.156. so above this redshift we
I'\czw_-lumlr:_osn%/ bins W'g"%"? rev?/Shgt b'n’tlés'tng :he szf assume a constant relation. There is a hint that the hosteof t
eler estimator (see Se -1). Ve do not detect a SIgNtICHys s in our sample are mostly in the main-sequence and star-
correlation between the X-ray luminosity and sSFR for thve-lo burst regions, while they generally follow the behaviouttus

esé rﬁ%shlfiblln, but do detect a significant correlatiorfigher main sequence with redshift. With green crosses we markahe p
redshifts g2 1). sitions of X-ray QSOs having intrinsic,_1okev > 10*ergs?.
The majority of them (125 sources) are consistent with being

e . . In the starburst region with sSSFESFRys(2) > 2.
redshift bin ¢ > 2.305). In Fig[8 we colour-code the data-pomt% : C o . . “ .
- . o . This behaviour is also evident if we plot the starburstifes
with respect to their redshifts, in grey we plot bins 1-23piue . P . - P
bin 4 inpgreen bin 5 and in red bi%s é thepresults of this bigni against redshiftin Fig. 9b. The “starburstiness” is theratf the

: - FR of the source over the main-sequence value at the given
are shown in the last column of Talile 1. We divide each da} . : . : : :
compilation into a low-luminosity and a high-luminosityntin- redshift. The vertical dashed lines in Higl 9b are identiz#those

cluding an equal number of sources, and plot the mean s h{'g'@’ and the grey area again marks the main sequence.

and its associated error, calculated using the Kaplan-iésitg I?erbOIS of the ddata-pomfts z;(re |deng<(:5'il toI . S?]a (gla:-f
mator in ASURV, and the mean luminosity of the bin. The sSF or all the sources and green for X-ray QSOs). In each retshi

o . bin we also show the average “starburstiness” and its sstsati
I('X CC;-I’I:’Le,:_:;:ItIOI‘] Is evident for the blue, green and red data{po'r%tatistical uncertainty calculgted using the Kaplan-Meg&ima-
z>1.15).

A possibly important factor fiecting the previous anal SiStor. For the QSO case we have re-binned the data into four red-
. P y Imp g the previol YYSISohift bins to improve the statistics of the sample. The bihav
is the FIR selection of the sources of our final “broad” sa

. seems to depend on redshift: the QSOs in the first redshift bin
ple, which reduces the number of X-ray sources from 356 ith 0.976 < z < 1.499 have an average sSFR consistent with

99, being biased in favour of sources with higher SFRs. In Yhat of the overall population, while higher redshift QS@s @n

der to chepk whether this has affeet on the apparent SSI:R'average more “starbursty”, having sSFR more than doubte tha
Ly correlation, we repeat the previous analysis in the smed ar

covered by the GOODSlerschel survey (the “complete sam- of the main sequence.

ple”; see Figd.11 ar[d 6). In this case, the analysis is peddrim To check how much the complex source selectl‘(‘fﬂecas
broader redshift bins due to the smaller number of sources those results, we repeat the previous analysis for the "tetiip

oo . . . aSample where we have FIR upper limits for most of the X-ray
the re§ults are 5|m|!ar fo those descnbed_ in the PreVIOU&-pa,, \rces. We use the same technique, and the result is shown
graph; there is no sign of a sSAHR-correlation belowz < 1.2,

but above this redshift the correlationi95% significant. with the dashed lines in Fig.pb. It is consistent within the s

We note here that there is a small number of X-ray sourc tistical uncertainty with that of the “broad’sample. FoetQSO
which are detected in the far-infrared in a rest-frame Y h TCase however, thefilerence between the complete and the broad
nervgd ._sample is significant in the first redshift bin, owing to tharsity

A > 20um, butits flux density is dominated by the AGN EMISHt such objects. The mean sSFR of the QSOs seems to be in the

sion, according_ to th? SED 9ecomposition perfqrmed:‘Thme Pnain sequence far < 2 and in the starburst region for higher
14 such cases in the “broad” sample and seven in the “complefg . i

sample with redshiftz ~ 1 — 3. These sources could populate
the low-(s)SFR - higH-x area, however their far-IR luminosi- * starburstiness sSFR'sSFRys(2)

10
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Table 1: Results of Kendall’s method for the correlation between the specific star-foilonatte and the hard X-ray luminosity
for different redshift bins. The null hypothesis probability inteaedshift bin is shown in column 3 and in combinations of bins
columns 4 and 5, with a lower null hypothesis probability meg a tighter correlation.

Bin number of sources redshiftrange  Null Hypothesis (%) |MNybothesis (%) Null Hypothesis (%)
1 21 Q000- 0.620 34 .
2 22 0625- 0.755 8.5 I Eg:ﬂz ;:g 1.5 (bins 1-3)
3 22 Q759-1.113 43 9'5 (bins 3-4)
4 22 1156- 1.599 5.4 0 ‘18 (bins 4-5) 5.4 (bin 4)
5 22 1605- 2.299 0.97 0'11 (bins 5-6) 0.97 (bin5)
6 22 > 2.305 5.2 ) 5.2 (bin 6)
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Fig. 9: Evolution of the specific SFR and the “starburstif@sth redshift for X-ray selected AGNs with long wavelengttiorma-
tion. The dashed vertical lines refer to the redshift binFaifle[1, the solid line in panel (a) is the expected main secpisSFR
according to Equationl4, and the grey areas denote the lohifse starburst and quiescent areas. Their borders ardedaod
half the main-sequence sSFR, according to Elbaz et al. [2@Gk&en crosses mark the positions of X-ray QSOs havinmsitr
Lo_10kev > 10*ergs?. In panel (b), the solid lines and respective data-poirgdlae running means of the “starburstiness” for X-
ray AGNs and QSOs in the “broad” AGN sample, and the dashed ke the running means of the “complete” X-ray AGN sample
(see Secf_313). There is a general trend for the sSFR of AGls o follow the main sequence, so that the median “staiibass”

is constant with redshift. The QSO hosts on the other hand 8&¥Rs which are somewhat higher.

In order to further investigate how the “redshiffect” af- sorbed sources are more likely to be detected at sub-mm wave-
fects the correlation found between the sSFR and the haed/X-tengths because of their extreme star-formation ratelsoadth
luminosity, in Sect_4]1 we plot the starburstiness defindlis the absorbed AGN sample consisted only of type | (broad-line
section against the X-ray luminosity in Fig.]10. The resolts QSOs |(Page et al., 2001), which are not a representative sam-
the statistical analysis (null hypothesis probabilityXteé same ple. Moreover, Alexander et al. (2005) found that the majori
redshift bins as in Tablgl 1 are presented in Table 2. The anady radio-detected SCUBA sub-mm sources are consistent with
sis shows again 8 95% correlation for redshifts > 1 and no being heavily obscured AGNs, wity > 10?2cm2, although
correlation at lower redshifts. We therefore assume theatth- the active nucleus is not bolometrically dominant. Baueset
relation between the host and galaxy activity is nd¢eted by (2002) found hints that X-ray sources with sub-mJy radionzcou
the evolution of the infrared luminosity with redshift. terparts (tracing star formation) are, on average, morewhs

than the unmatched population, confirmed by Georgakakis et a

(2004). Subsequently, Rovilos et al. (2007) using a conilzina
4.3. SSFR-Ny of the 1 Ms CDFS and the E-CDFS surveys found that such a

trend was confined only to AGNs with any evidence for X-ray
In earlier studies there have been some hints of a correlatigbscuration Ky > 10?*cm?), linking it with line-of-sight ef-

between the star-forming activity of the host and the AGN obects. However, deeper surveys both in X-rays and at indrare
scuration in the X-rays. Page et al. (2004) found that X-tay a

11
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Table 2: Results of Kendall's method for the correlation between the starburstinesstanthard X-ray luminosity for dierent
redshift bins. The null hypothesis probability in each hefidin is shown in column 3 and in combinations of bins inwahs 4
and 5.

Bin number of sources redshiftrange  Null Hypothesis (%) |MNybothesis (%) Null Hypothesis (%)
1 21 Q000- 0.620 84 .
2 22 0625- 0.755 6.7 215('["?‘3 1-2) 4.4 (bins 1-3)
3 22 0759- 1.113 69 -5 (bins 2-3)
29 (bins 3-4) .
4 22 1156 - 1.599 6.0 0.5 (bins 4-5) 6.0 (bin 4)
5 22 1605-2.999 1.0 3'7 (bins 5-6) 1.0 (b!n 5)
6 22 > 2.305 5.2 : 5.2 (bin 6)
§ ET T T — Ty the starburstiness agairisy; in Figs.[1Ib and 11c. Performing
- 3 all the previous tests, we again do not find any significant cor
L ] relation, except for the sSFR and starburstiness of AGNB wit
i . ) 0.7 < z < 1.4, where we find hints of an anti-correlation
i o 1 at the 95% level. However, considering the behaviour of the
o overall sample and the complex selectidfeets to shape that

sub-sample, we do not consider it important. This behav®ur

in broad agreement with models assuming a clumpy absorber
(Elitzur & Shlosman, 2006; Nenkova et al., 2008), where the a
sorption strongly depends on the number of absorbing clumps
crossing the line-of-sight, however there is a number ofoled
AGNs (with Ny > 10°2° cmi?) and sSFRsSFRys(2) < 1 which

are still hard to explain with these models.

LR RN
1 IIlIllI

sSFR/sSFR,4(z)
1

4.4. Rest-frame colours

O F 3

u ] The colour-magnitude diagram (CMD; the rest-frarde —

i ] B or U — V colour plotted against the absolutB or

. 4 V magnitude) is used in a number of studies to check
=l I T R B the evolutionary stage of the AGN hosts. The hosts of
o 1042 1048 10% 1045 AGNs are concentrated in and around the “green val-

ley” (Nandra et al.,l 2007; Rovilos & Georgantopoulos, 2007;
Silverman et al., 2008; Georgakakis et al., 2008; HickoX.et a
Fig. 10: “Starburstiness” against (2—10)keV X-ray lumiips 2009; Georgakakis & Nandra, 2011), which is thought to sign-
for the sources in our sample. The grey area is the same a®®st the transition phase from a starburst to a “dead” ellipt
Fig.[@ and the data-points and error-bars are as in[Fig. 8, sGgl- There are however a number of factors thféea the po-
stituting the gray point with cyan. We again do not detect arﬁgﬂon of a source (especially an AGN) in the CMD making
significant correlation between the “starburstiness” arelX- the meaning of the above observation unclear. For exantple, i
ray luminosity forz < 1, but there is a correlation far > 1, has been noted that both the AGN contribution and dust ob-
within the redshift bins. scuration can alter the observed optical colours of the AGN
hosts|(Pierce et al., 2010; Cardamone et al., 2010b; Lussq et
2011), making them bluer or redder. Moreover, AGNs are usu-

wavelengths failed to reproduce those results (e.g. Ludf et allyzfound in relatively high ste’llar mass hostsl{ ~ 10' -
2010;/Rosario et all, 2012; Trichas et al., 2012). Here, vee 1k0*Mo; Kauffmann et al., 2003; Brusa et al., 2009; Xue ét al.,
the deepeskMM-Newton survey, providing good quality X-ray 2010; Mull_aney et all, 2012a, _th_ls study), and that in turkesa
spectra, combined with the deepedtrschel PACS observa- them “avoid” the blue cloud; it is observgd that the concantr
tions, and an SED decomposition technique to clarify this i§0n of AGNs around the “green valley” is not detected when
sue. In Fig[ITa we plot the hydrogen column density of tHSiNg mass-matched samples (Sllve_rman et al.,|2009; XUe et a
sources for which we have good X-ray spectra against thagir st2010; Mullaney et gLI., 2012a). In t_hls section we use the sam-
formation rates. We apply a value Nf; = 10?°cm to sources ple of AGNs for_ wh|ch_we have an mdepend_ent way to measure
which show no signs of obscuration ahg = 5 x 1074 cm 2 the stfar-form_atlon act|y|ty, to check_the vaI|d|ty_ of thelauq-

to Compton-thick AGNs. We do not find any significant correlghagnitude diagram without correcting the optical magresud
tion between the two values. Using the Kendat'method we for the host co_ntrlbuthn or dust reddening. In add_ltlon,u/se a

find a null-hypothesis probability of 90%. Excluding unotiged  Colour-mass diagram instead of the colour-magnitude ambro
AGNSs or splitting the data into redshift bins does not chand@ order to simulate a mass-matched sample.

this result; the null hypothesis probability is always tegkhan The positions of the red sequence, blue cloud and green
20%. Neither is there a significant correlation in the higmitu valley in the colour-magnitude (and colour-mass) diagraen a
nosity AGN (Lx > 10*ergs?) or the high redshift{ > 1.5) strongly dependent on redshift (Bell, 2003; Borch etlalQ&0
sub-samples. In order to simulate a mass-matched sample [Badg et all, 2010). In this section we use the- B rest-frame
correct for any redshiftféects in the column density and sSFReolours of a sample of AGN hosts spanning fram 0.1 to
values (e.g. Hasinger, 2008) we also plot the specific SFR and 4 and we use the parametrisation of Peng et al. (2010) to de-

log L,_;ouev (€rgst)
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cant anti-correlation allows us to use the colour-massrdiag
as a diagnostic of the host properties when detailed observa
tional information, which would allow the determination ax-
curate star-formation rates and stellar masses, is noiablai
although the large scatter limits its reliability. Moreoyvéhe
rAgN sample probed here is only a sub-sample of the total
RGN population, selected both in the X-rays and at longer (fa
rared) wavelengths. There is evidence that tieedént selec-
ions of AGNs bias their position in the colour-magnitude-di
gram (Hickox et all, 2009), with the X-ray-selected AGNsgi
in the green valley (§ — B) — (U — B)rs ~ 0 in Fig.[12), the
infrared-selected in the blue cloud and the radio-seleict¢ide
red sequence. The complex selection of the AGNs in our sample
limits its representativeness.

Fig. 11: Star-formation rate, specific star-formation reded
“starburstiness” plotted against the hydrogen columnidefe
65 sources witliXMM-Newton spectra and robust SED fitting
(including nine withHerschel upper limits). The grey area in
panel (c) is the main-sequence, as in Higs. 9[and 10. Theser
on the hydrogen column density are in the ranges df0% to
30%. We do not detect any significant correlation between t
two values, even if we split the sample into redshift or luagin
ity bins, in any of the three plots.

fine the dividing line between blue and red galaxies, exteatpd
to higher redshifts. Xue et al. (2010) have demonstrateitiiea
colour bi-modality of non-AGNs exists up to at least 3. We 5 piscussion

use the fitted SEDs including the AGN contribution and the fil-

ter curves of the COMBO-17 survey (Bell, 2003) to measure ttel. Is there an AGN-host correlation?
optical colours of the AGN hosts. In Fig. 112 we plot the star- .
blFJ)rstiness of the AGN hosts against thé%]“redness”, defirged®-1-1- Low redshifts (z < 1)

the deviation of their rest-frame colours from the dividiite  previous studies in the low-redshift Universe (Nétzer, 200
in the colour-mass diagram. We observe a clear anti-ctiogla [Serjeant & Hatziminaoglod, 2009) have shown a correlat®n b
between the two values, which is statistically significana tween the AGN luminosity (bolometric or optical) and the hos
> 99.9% level. We parametrise it using the Buckley-James rgalaxy luminosities (or star-formation rates), probinmioous

gression method (Buckley & James, 1979): QSOs withL, > 10*3ergs? and optically-selected QSOs, re-
spectively. On the basis of our low-redshit & 1) — low-
sSFR luminosity Lx < 10**%ergs?) AGN sample, we do not see

log SSFRus() (-1.36:017)[(U-B)~(U-B)rd +(0.2£0.4)(5) sych clear signs of a correlation between the AGN and the host
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galaxy activity (parametrised by the sSFR; see Hi@s. 8[ahd U@st, or there is a link between the AGN activity and the evo-
and Table$]1 and] 2). This implies that lower luminosity AGNution of the host galaxy at higher redshifts and luminesiti
activity, especially at low redshifts, is not directly liek to the parametrised by the overall SSFR. In the former case we would
state of the host galaxy, if the latter is parametrised bgSER expect a correlation between the obscuration of the AGN and
or its “starburstiness”. In the redshift range of the firgethbins the star-formation rate (see e.g. Ballantyne et al., 20fidgast
(z < 1.12) there are seven quiescent AGN hosts and 11 stéor high luminosity objects showing some degree of obscura-
bursts, while the mean sSFR is within the borders of the maion, because of the expected increase in the coveringrfantb
sequence. The selection of objects which have a FIR countiére column density of the obscuring material, if it is alse re
part could #fect the mean “starburstiness” of our sample, bsponsible for the star formation. In Figs. 11b &ndl11c we do no
this dfect is found to be minimal when limiting the sample taletect any such correlation; moreover, according to Balfen
the area where upper FIR limits are available. It is likelgtth (2008), a circumnuclear star-forming disk could not sustairy
the AGN process takes place as a result of instabilitiesahat high star-formation ratesz(10 Mg yr—1, typical of rates of our
fect the nucleus but do not have any promineffi¢ée overall, sample) and is not compatible with a high-luminosity AGN; be
being only confined to circumnuclear star formation. Indeedause it would limit the necessary gas supply. This is an-indi
there is a positive correlation of the AGN power with the nusation that the star-formation rate is not nuclear and foeze
clear star formation in local Seyfert-1 galaxies (Thompsbal., not directly connected to the AGN obscuration. The lack gf an
2009;| Diamond-Stanic & Rieke, 2012), and such a correlati@orrelation between the AGN obscuration and the sSFR aiso in
is also supported by recent models (Hopkins & Qudtaert,[P0168icates that the star-forming gas is not directly connetudtle
The causal mechanism behind this connection could be highsN obscuration, so the obscuration from the host galaxg (se
mass stellar winds fueling the AGN (see e.g. simulations Bartinez-Sansigre etal., 2009) is not dominant. The apyar
Schartmann et al., 2009). This nuclear correlation howdges connection between the galaxy and AGN activity is therefore
not leave a clear mark on the overall observable propertiteo likely evolutionary.
system (infrared and X-ray luminosities). This correlation of star formation at galaxy scales with the
AGN activity seems to be in disagreement with models sug-
. . gesting that the AGN outflows quench the star-forming activ-
5.1.2. Higher redshifts (2 > 1) ity by disrupting the cold gas supply (Di Matteo et al., 20G8)
In the more distant Universe there are studies finding boifere are a number of AGNs with high luminositi€s, 1okev >
a correlation between the AGN power and star-formatick**ergs?, which are actively star-forming, with sSFR-
intensity (Trichas etal.| 2009, Hatziminaoglou et dl., @01 1Gyr?, and the most active AGNs appear to be more “star-
Bonfield et al., 2011), and no signs of ahy (Seymour et al.1201ursty” than lowelL;_1okev SOUrCes, at least in the redshift range
Rosario et dl/, 2012), usingftérent diagnostics and source se2 < z < 3 (see Figs[16 and 9b). Such behaviour is consis-
lections, while there is evidence that the star-formatites of tent with the suggestion that the AGN activity might enhance
the AGN hosts are enhanced with respect to those gt 1 the star-forming activity of the host galaxy instead of qtlen
(Mullaney et al.. 2010). Combining data afférent luminosities ing it (see e.g. Elbaz etal., 2009) and one means of doing that
and redshiftd, Lutz et al (2010) ahd Shao étlal. (2010) mepds through the disruption of the density profile of the host by
different mechanisms for the fuelling of both the star formatictn AGN-generated jet (see also Gaibler et al., 2011). Areissu
and the AGN, merger-driven for high luminosities and secul#hat has to be addressed in this case is whether the jet would
for lower, with the “high-luminosity” limit being stronglyle- be detected at radio wavelengths, since onfy & the high-
pendent on redshift (see also Serjeant & Hatziminad@lo0920 est SSFR and highekb_1okev Sources in Fig.18 are detected in
Wilman et al.,[ 2070). Recently, Mullaney ef dl. (2012a) gsinthe radio, one of them being only marginally radio-loud with
deepChandra andHerschel observations find that the increasd-14cHz = 6 x 10**erg s Hz™1. We note that the radio luminos-
of both infrared and X-ray luminosities with redshiffect the ity of HE 0450~ 2958 (the source studied|in Elbaz et al., 2009)
observed., — SFR correlation, and do not detect it for moderatié not radio-loud according to our classification, havingdio
luminosity AGNs (x = 10*2-10*erg s?) in individual redshift luminosity in the 1.4-GHz band in the order offt@rgs* Hz™*
bins. However, such a correlation emerges at redshiftd — 2,  (Feain et al., 2007), meaning that a relatively low radioihuws-
if the stacked signal from individually X-ray undetected W& ity jet could cause a star-formation episode.
is factored in, revealing a simildr, — M, relation to the SFR
main sequence (Mullaney et al., 2012b). There is also ecile :
that the correlation is weaker at higher redshifts for trghbst '5.2. Where do AGNs live?
luminosity AGNs (Rosario et al., 2012). Recent studies_(Daddi etlal., 2007, 2009; Dunne et al., |2009;
Here, we use a combination of the deepéstM-Newton [Pannella etal., 2009; Magdis ei al., 2010; Elbaz etal., [p011
and Herschel observations in combination with an SED dehave found a relation between the star-formation rate aad th
composition technigue to remove any AGN flux from the faistellar mass, consistent with being linear at all redsHifien
IR wavelengths (see_Mullaney et &l., 2011), and find a correcal toz ~ 4, but where the normalisation of this relation is
lation between the specific SFR and the X-ray luminosity fatrongly dependent on redshift (Karim et al., 2011; Elbeallet
z > 1andLy > 10%ergs’. [Mullaney et al. [(2012a) using al2011). In this discussion we use the star-formation “main-
similar sample with a somewhat lower luminosity rangg € sequence” of Elbaz etal. (2011) upze- 2.156 and a constant
10*?-10*erg s!) fail to detect a significant correlation at thosevalue of sSFgs = 2 thereafter. As we can see in Fig] 9a, the
redshifts, suggesting that the higher luminosity sourcese sSFRs of the AGN hosts are mostly on the main sequence, indi-
sponsible of the correlation detected in this work. Our darigp cated by the grey area or above it. This is more clearly demon-
highly incomplete forLy < 10*3ergs?® atz > 1 (see Fig[b). strated in Fig[9b, where we plot the deviation from the main
Following the discussion of the previous section, this beéha sequence (“starburstiness”) of the AGN hosts. The blac&-dat
can be either because the nuclear star formation in highyX-naoints and line denote the running mean (and the respective e
luminosity objects is so strong that it dominates over ttidhe ror) of the whole AGN sample described $B.3; the line is
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constant with redshift (within the errors) and close to tipe uspite the feedback from the powerful AGN, the star-fornmat®o
per border of the main sequence. This result also holds ifsee wstill powerful.

a sample unbiased by the lack of upper limits for all the FIR-

undetected sources (dashed line —$48). This is a similar re- .

sult to Xue et al.[(2010) who find that the SFR of AGN hosts & Conclusions

similar to that of non-AGN galaxies when using mass-matchgge select 131 AGNs from the 3 M$MM-Newton survey and
samples foz < 3. measure their star-formation rates using long waveleraythR

Overall, there are 11 quiescent, 54 starburst and 34 magfd ?urt])-mmfluxeswith rest-framle wavelength a}bovmﬁOFor i
sequence AGN hosts, which is in agreement with the findingsof © the 131 Sources we are able to d(_arlve only an upper limit
Santini et al.[(2012) who use similar methods on a wider saf-the star-formation rate. We take special care in modgtire

ple. Within the luminosity range 18 < Ly < 10*ergs® we spect.ral energy distri_butions, identifying and removing AGN
find 2369 main-sequence, B starburst and/89 quiescent contribution, and derive the sSFR and stellar masses ofiis h

hosts (assuming andl confidence interval of a binomial dis-C0MpParing them to the AGN properties (X-ray luminosity and
tribution). These numbers do not agree at first glance wigh tRPSOrPtion). Our results can be summarised as follows:

findings of Mullaney etal..(2012a) who use a sample simila{ e find no evidence for a correlation between the sSFR and
to the one used in this study. However, Mullaney et al. (2012a e X-ray luminosity for sources with, < 10%3%erg st and

use a wider main-sequence region (a factor of three insttad 0 5, < 1.

factor of two of the main-sequence SSFR) and if we adopt this \e find a correlation between the sSFR and the X-ray lumi-
definition, the above numbers becomg&28 2769, and 39, nosity for sources withy > 10%ergs® and az > 1. There
respectively, much closer to Mullaney et al. (2012a). Thsdke  ig g indication that this correlation is a result of a retshi
ual difference of the fewer quiescent hosts found here is becauseggect, as it is present even when we divide the data into nar-
of the stacking analysis donelin Mullaney et al. (2012a) tb €s o\ redshift bins. We argue that it is instead a result of the
mate the behaviour of FIR undetected AGNs. The limited num-  AGN-host co-evolution. which is more prominent for higher
ber of sources in the “complete” sample in the area covered by |yminosity systems, confirming previous results.
Herschel-PACS does not allow us to perform such an analysi§, \we do not find any correlation between the star-formation
here. We note that Santini et al. (2012) find similar resutiem rate (or the specific SFR, or the “starburstiness”) and the
they factor-in their stacking analysis of undetected AGNse X-ray absorption derived from high-qualitgMM-Newton
increased mean sSFR of the AGN hosts we find in this study is gpectra, at any redshift or X-ray luminosity. We assume that
in line with theL — SSFR correlation, suggesting that the AGN  thjs is an indication that the X-ray absorption is linkedtte t
and star-formation processes are connected, eiffesiting each nuclear region, and the star-formation to the host.

other, or having a common cause. The most luminous AGN§ Comparing the SSFR of the hosts to the characteristic SSFR
with Ly > 10**erg s* (X-ray QSOs) are represented with green  of star-forming galaxies at the same redshift (“main se-
symbols in Figd. 9a aid b, and reside on average inthe reflion  quence”) we find that the AGNs reside mostly in main-

starburst galaxies (defined as having sEES¥FRys(2) > 2) for sequence and starburst galaxies, with the mean specific SFR
z > 2, which reflects the overall correlation between the AGN being close the limit between main-sequence and starburst
luminosity and the host activity. hosts. This reflects the AGN-starburst connection.

In the redshift range 1< z < 2 there are a few high- - H|g4her X-ray luminosity AGNs (X-ray QSOs withy >
luminosity AGNs which have very low sSFR and “starbursti- 10"*€rgs™) are found in starburst hosts with average sSFR
ness” values, placing them in the main sequence or even in More than double that of the_ main sequence” at any redshift
the quiescent region. Although these objects are not entugh ~ @bovez ~ 2. At lower redshifts £ ~ 1.5) we find a num-
disrupt the sSFRx correlation at those redshifts (see Figure Per of QSOs with low sSFR values, which drive the mean
B), they could be examples of the powerful AGN suppress- starburstiness of QSOs to a value consistent with that of the

ing the star-formation. In a recent study, usi@igandra X-ray overall AGN population. _ _ _
data ancHerschel-SPIRE sub-mm (250m) data in the CDF-N, 6. We test the reliability of the_ coIour-mggmtude d.|z.igra1m i
Page et 1./ (2012) find that the highest X-ray luminosity & assessing the host properties, and find a significant anti-

10™ergs') AGNs are rarely detected in the sub-mm wave- correlation between the _“redn_e_ss_" (deviation of the rest-
lengths, and therefore have modest SFRs (seé also Trichkis et frame colours from the line dividing red and blue galax-
2012). In our sample, most of the X-ray QSOs /@Btof the ies, yvlthout any correction fprAGN contrlbutlon or dust ex-
“complete” sample) are detected in the far-infrared, alftoat ‘t‘|nct_|on), and th? “starburstmt_ass” (the SSFR divided b th
a shorter wavelength (100n) than in the sample 6f Page etal. Main sequence” sSFR at a given redshift).

(,201‘2)' This could _|mply that there is some residual CODHI,bAcknowIedgements We acknowledge financial contribution from the agreement
tion from the AGN in shorter FIR wavelengths. However, witAs|-INAF 1/0091000. ER acknowledges financial support from the Marie-
our SED analysis we identify and remove the contribution @furie Fellowship grant RF040294. FJC acknowledges finarstigport for
AGN flux in the far-infrared flux, so this explanation is unthis work by the Spanish Ministry of Science and Innovatidmotigh the
likely. Rosario et all[(2012) argue that the SERrelation starts Jan AvA2010-21490-C02-01. DMA and ADM acknowledge sugifom the

to weaken above ~ 1, and indeed the correlation we find is '

not very strong for the 156 < z < 1.599 redshift bin, as a re-

sult of the low-sSFR QSOs in that redshift bin. We do find oReferences
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