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ABSTRACT

We analyse the stellar populations in the host galaxies of-68y selected optically dull ac-
tive galactic nuclei (AGN) at 0.34z<1.07 with ultra-deep (xs=26.5, 3r) optical medium-
band (R-50) photometry from the Survey for High-z Absorption Red ddebhd Sources
(SHARDS). The spectral resolution of SHARDS allows us to sistently measure the
strength of the 4000 A break,,Bt000), a reliable age indicator for stellar populationg W
confirm that most X-ray selected moderate-luminosity AGN<IL0* erg s') are hosted by
massive galaxies (typically M>10'9® M) and that the observed fraction of galaxies hosting
an AGN increases with the stellar mass. A careful selectioramdom control samples of
inactive galaxies allows us to remove the stellar mass aashift dependences of the AGN
fraction to explore trends with several stellar age indicatWe find no significant fierences
in the distribution of the rest-frame U-V colour for AGN hesind inactive galaxies, in agree-
ment with previous results. However, we find significantialgswer 4000A breaks in AGN
hosts, indicative of younger stellar populations. With tedp of a model-independent de-
termination of the extinction, we obtain extinction-cared U-V colours and light-weighted
average stellar ages. We find that AGN hosts have youngéargpelpulations and higher ex-
tinction compared to inactive galaxies with the same gstetlass and at the same redshift. We
find a highly significant excess of AGN hosts with (8000)~1.4 and light weighted average
stellar ages of 300-500 Myr, as well as a deficit of AGN in mgic¢ red galaxies. We interpret
failure in recognizing these trends in previous studies@maequence of the balancinest

in observed colours of the age-extinction degeneracy.

Key words: galaxies:evolution - galaxies:statistics - galaxiefiateontent - galaxies:active
- X-rays:galaxies - infrared:galaxies

1 INTRODUCTION Ferrarese & Merrittl. 2000] Gebhardt et al. 2000; Marconi it al
2004) as well as a remarkable similarity between the red-
In the current paradigm of galaxy evolution, the growth of SU  ghift evolution of the cosmic star formation rate densitydan
permassive black holes (SMBH) and the galaxies that host the  the integrated black hole accretion ratdgf;), with both hav-
are intertwined (see Alexander & Hickox 2012, for a revie@hp- ing their peak atz~1-3 and a steep decline from-1 to the
servational evidence includes the tight correlation betwéhe present (e.g.. Boyle & Terlevich 1998; Franceschini et &9

mass of the SMBH and the velocity dispersion in the bulge of |\ierioni et al 2004 Chapman etlal. 2005; Merloni & Heinz 2008
the galaxies (the so-called M-relation;| Magorrian et al. 1998;
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Silverman et all. 200&; Bouwens et al. 2009; Aird et al. 2010).
addition, active galactic nuclei (AGN), like star-formirgalax-
ies, display a form of ‘downsizing’ by which the bulk of SMBH
growth and star formation shifts to lower luminosity or lesas-
sive systems at later epochs (Cowie ef al. 2003; Fiore efal3;2
Hasinger et al. 2005; Bongiorno etlal. 2007).

Star formation takes place in one of two regimes. The major-
ity of star formation (up to 90% at~1-3; Rodighiero et al. 20111)
occurs in secularly evolving systems, where internal psses (e.g.
disc instabilities, turbulence) are responsible for gasadyics that
drive star formation (e.g. Elbaz etlal. 2007, 2011; Taccoaile
2008; Daddi et al. 2010; Genzel etlal. 2010). In these systdmas
star formation rate (SFR) at a given redshift is roughly prep
tional to the galaxy mass, defining the so-called ‘main-seqg’
(Noeske et al. 2007). However, a small fraction of galaxies s
tain more @icient star formation in compact starbursts, which are
commonly associated with mergers. Since both major meayats
internal processes are considered to be able to transpstradd
gas to the inner regions of a galaxy (e.9. Kormendy & Kentiicut
2004;| Hopkins et al. 2006), finding the trigger for nucleativac
ity is not straightforward. Early works suggested nuclegtiva
ity to be closely linked with major mergers, largely due te th
high fraction of quasars that appear to be associated witlg-me
ing systems (e.d. Sanders etlal. 1988; Sanders & Mirabel|;1996
Surace et al. 1998; Canalizo & Stockion 2001; Ivison et al(20
However, later studies on the morphology of lower luminpsit
(Lx<10* erg s') AGN hosts suggested that moderate levels of nu-
clear activity are typically associated with secular etiolurather
than major mergers (e.g. Grogin etlal. 2005; Cisternas @04ll;
Schawinski et al. 2011).

The interplay between nuclear activity and star format®n i
not well understood. The luminosity and accretion rate efrtiost
powerful AGN is found to correlate with the SFR in the hostgsl
(e.g..Shietall 2007; Chen et al. 2013), suggesting an irapbrt
contribution of major mergers to the build up of thedvrelation.

On the other hand, the majority of low and intermediate-hosity

tion about the influence of the AGN in the transition from the
blue cloud to the red sequence (¢.g. Nandralet al. 2007; $akdn
2007;/Bundy et al. 2008; Silverman et al. 2008; Georgakakis e
2008;| Schawinski et al. 2009; Cimatti et al. 2013). Later ksor
however, recognized the importance of stellar mass seleet-
fects when comparing the colours of active and inactivexieda
Some of these works found that AGN host colours are similar to
those of inactive star-forming galaxies for the same madsed-
shift (Xue et all 2010; Rosario et/al. 2013), while othersgasged
they are slightly redder (e.g.: Bongiorno etlal. 2012). Jotirflg
results have been associated at least in part to biases KGNe

or non-AGN control samples (Xue et al. 2010; Aird etlal. 2012;
Rovilos et all 2012}, Rosario etlal. 2013). The strong evotutn
the frequency of AGN detection with the stellar mass andhiéids
of the host, and AGN luminosity, implies that all three paeam
ters need to be carefully controlled for meaningful congars
between samples.

One basic dficulty in comparing the stellar populations of
AGN hosts and inactive galaxies through rest-frame col@utisat
they depend not only on stellar age, but also on metalliaity a
extinction. This degeneracy implies that agffatiences can be ei-
ther exaggerated or masked bffeiences in extinction. Extinction-
corrected colours based on SED-fitting with libraries ofthgtic
templates canin principle solve this issue (see e.g. Cavdareat al.
2010), albeit at the cost of the results becoming mode|-oldgret
(Hernan-Caballero et al. 2013, hereafter HC13).

The strength of the 4000A break,@000), and the Kline
are two well known spectral indicators of stellar age (Baletal.
1999; | Kadfmann et al! 2003b). Using a large sample of Sloan
Digital Sky Survey (SDSS) spectra from local galaxies(Q(3),
Kauffmann et al. [(2003a) calibrated the star formation history
(SFH) of low-z emission-line selected AGN. They found tha t
typical stellar ages of AGN hosts are younger than those -of in
active galaxies while their mean SFR are higher. Poststsirb
spectroscopic signatures are also found to be strong ih Adghl
hosts |(Wild et all 2007), and there is mounting evidence ler t

AGN are not associated with major mergers, as many of them are AGN activity peaking a few hundred Myr after the star forroati

hosted by “normal” discs (Gabor et al. 2009; Cisternas €2Gil1;
Ellison et al. 2011;_Schawinski etlal. 201.1; Silverman eat 1;
Kocevski et al. 2012).

Albeit high resolution observations of local Seyferts have
shown hints of a correlation between AGN activity and cireum
nuclear SFR in scalesl kpc (e.g. Diamond-Stanic & Rigke 2012;
Esquej et al. 2014), several studies of moderate luminésii at
low and intermediate redshift find only a weak correlatiothvihe
SFR of the galaxy as a whole (Silverman et al. 2009; Shaa et al.
2010; Rosario et al. 2012). This is in qualitative agreemettt re-
sults from simulations performed by Hopkins & Quataert 201
which show an increasingly strong correlation of the SRR:
relation with decreasing physical scales from several kpel0
pc. Further insight into the connection between AGN and star
formation can be gained through the study of the stellar [aepu
tions of the host galaxy. This usually requires to carefudignove
the unresolved AGN component in ground-based images of lo-
cal galaxies (e.d. Trump etlal. 2013) or, at higher redshifsing
HST datal(Jahnke etlal. 2004; Ammons et al. 2011). Another op-
tion is to select only low luminosity or obscured AGN that eon
tribute a negligible fraction of the combined (AG¥alaxy) optical
emission (e.d. Kaimann et al. 2003b; Alonso-Herrero etlal. 2008;
Silverman et al. 2009).

Early studies showed that the rest-frame colours of AGNshost
are often in or close to the green valley, which led to specula

does |(Davies et al. 2007; Wild etlal. 2010; Alonso-Herreralet
2013). At higher redshifts, Silverman et al. (2009) demiaistl
that D,(4000), the restframe U-V colour, and the SFR (based on the
[O11] 3727A line) of a bright samplei{.<22.5) of X-ray selected
AGN hosts are all consistent with each other, and match thbse
younger star-forming galaxies at the same redshift. Howepec-
troscopic surveys are limited to brighter magnitudes tloatat in-
clude the bulk of the X-ray selected samples, which peakiateia
magnitudes.

Recently, several intermediate band optical and nearriatdra
surveys have provided deep photometry with enough speetsal
olution to infer the strength of the 4000 A spectral breaks<it
(HC13) and at higher redshifts (Kriek et al. 2011; Straatrmeioal.
2014). In HC13 we analysed the stellar populations of a mass-
selected sample of galaxies in the GOODS-N field with intelime
ate band photometry taken with the 10.4 m GTC telescope fnem t
Survey for High-z Absorption Red and Dead Sources (SHARDS;
Pérez-Gonzalez etlal. 2013). The SHARDS filterset cansisR4
contiguous medium-band &50) optical filters spanning the range
500-950 nm. SHARDS provides an uniform deptmef26.5, (3r)
with sub-arcsec seeing in all its filters. We showed that mneas
ments of the [X4000) index on the SHARDS photospectra agree
within ~10% with those obtained from full resolution spectra (see
Figure A4 in HC13), while they prove fainter magnitudes tittaa
deepest spectroscopy available. We also showed that, wdren ¢
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bined with the rest-frame U-V colour, Jp4000) provides a pow-
erful diagnostic of the extinctionfiecting the stellar population
that is relatively insensitive to degeneracies with agetaitieity

or star formation history. Using this novel approach, wénessted
de-reddened colours and light-weighted stellar ages fiivigiual
sources. We explored the relationships linking stellar snaesst-
frame (U-V) colour, and E(4000) for the non-active sources in the
sample, and compared them to those found in local galaxies.

In this work we study the stellar populations in the host gala
ies of X-ray selected AGN in the redshift range 0<241.07 and
within the fraction of the GOODS-N field covered by the SHARDS
survey. We compare rest-frame colours(4D00) indices, and av-
erage stellar ages of the AGN hosts with those of carefulliched
comparison samples of inactive galaxies with the same Under
redshift and mass distributions. The outline of the papeasifol-
lows: &2 describes the selection of the AGN sample and the com
parison sample of inactive galaxieE] §3 deals with the dinterf
stellar masses, rest-frame colours,(4D00) indices, and average
stellar ages[84 presents our results regarding the spelfardations
of AGN hosts. Eb discusses the systematics that could irfluear
results. Eb summarizes our conclusions. Throughout thpempae
use a cosmology withly = 70 km s Mpc™?, Qy = 0.3, and,, =
0.7. All magnitudes refer to the AB system.

2 SAMPLE SELECTION

Our parent sample is the catalog of X-ray sources in the 2 M&\Ch
dra Deep Field North (CDF-N) from_Alexander et al. (2003). To
minimize the number of contaminating sources that are ndl AG
we constrain the sample to sources with a hard X-ray (2—8 keV)
detection and located within the 141 arcfarea of the GOODS-

N field covered by SHARDS, which is centred very close to the
aim point of the Chandra observations. There are 161 harayX-r
sources in the SHARDS area. Ther&ensitivity limit of the Chan-
dra observations in the 2—8 keV band-i$0716 erg cnt? s™* at the
centre of the SHARDS field and3.3x1071¢ erg cn? s near the
edges.

We find optical and IR counterparts to the Chandra sources
using the likelihood ratio (LR) method (Ciliegi et/al. 200&)05%;
Brusa et al| 2007). Very briefly, we consider all IRAC &%
sources within 3” of the Chandra position that are identifisihg
the code developed for the Rainbow surveys (Pérez-Genzhlal.
2008;|Barro et al. 2011a,b). This code provides deblend&CIR
photometry on the basis of higher resolution optical imgdgsee
Barro et al.. 2011a for further details). We calculate the IdR f
all candidate counterparts and determine a threshold irLEhe
that maximizes the sum of the completeness and reliabsige (
Luo et al! 2010). We deem any sources that exceed this LRhthres
old as secure counterparts (taking the counterpart witthidpgest
LR value in cases af1 secure candidate). We then repeat the en-
tire method with candidates identified in the SubRrACSi, and
WIRCAM K band images, retaining any additional secure coun-
terparts identified in these bands. The Rainbow datBbese-
piles photometry (from UV to radio), redshifts, and SEDkfigt
derived physical parameters for galaxies in several cosgical
fields, including GOODS-N. This ensures that counterpagsab
ready cross-matched across all the optiBabands and provides
consistent, matched-aperture photometry across all bfandsur

1 httpsj/rainbowx.fis.ucm.es
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Figure 1. Rest-frame hard X-ray (2-8 keV) luminosity (not corrected f
absorption) versus redshift for the Chandra sources witbctlen in the
2-8 keV band in the SHARDS area. Stars represent the 53 soseterted
for our stellar population analysis, while open circles kmather hard X-ray
detected sources. The solid and dashed lines representotheesitivity
limits of the 2—-8 keV Chandra maps at the centre and edgee &HARDS
area, respectively. The dotted lines enclose the redsdifje where the
4000 A break is observable in the SHARDS data.

sources. This method will be described in more detail in Nared
al. (in preparation). 96% of all Chandra sources get a semug-
terpart with this procedure.

Out of the parent sample of 161 hard X-ray sources, 115
have spectroscopic redshifts. For the remaining ones weorel
photometric redshifts obtained from the analysis of theab¥o
band and SHARDS SED (se€_&3.1). Rest-frame 2-8 keV lumi-
nosities not corrected for absorptiony,lare calculated following
Trouille et al. (2008) from the observed 2-8 keV flux densitie
with K-corrections assuming a power-law spectrum with phot
indexI'=1.8.

To ensure a reliable measurement of the 4000 A break in the
SHARDS photospectra, we further constrain the sample todec
only the galaxies with redshift 0.34<1.07. There are 75 such
sources (68 of them with spectroscopic redshifts), withd B&ray
luminosities in the range loggllerg s*) ~ 41.0-44.0 (FigurEl1).

Unobscured AGN can contribute a significant fraction of the
rest-frame optical and NIR output of the galaxy. This cautks
tion of the 4000 A break and 1;6n stellar bump, which may lead
to underestimated stellar ages and overestimated stedlssen, re-
spectively (see[85). To minimize the impact of AGN emission i
the determination of stellar properties in the host galawey,have
inspected Hubble Space Telescope (HST) Advanced Camera for
Surveys (ACS) images of the 75 sources at 824L.07 and re-
moved from the sample 6 galaxies with bright point sourceleir
cores. However, powerful AGN can still dominate the NIR emis
sion even if heavily obscured in the optical. Pérez-Glarzét al.
(2008) concluded that the impact of the AGN on stellar matis es
mates is significant only for X-ray sources with observeel (not
corrected for absorption) luminosities of kz 10* erg s* (see also
Alonso-Herrero et al. 2008). Since our targets have lowerstel-
lar masses are expected to be accurate. Even so, the X-r& to |
luminosity ratio varies significantly from one AGN to anotl{see
e.g.|Bongiorno et al. 2012), and the contribution of a mogera
luminosity AGN to the NIR emission could be substantial ie th
less massive hosts. Out of caution, we performed visuakitgm
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of the infrared SED of the 75 X-ray selected sources in order t
identify sources with red IRAC SEDs and no clear jr6 bump.
We found 11 such sources, 5 of them already discarded due to
point-like cores in the ACS images. In addition, there arelces
located very close to bright stars, and 7 more in the edgekeof t
SHARDS images. These where removed from the sample due to
incomplete SHARDS photometry. Finally, 1 source was rerdove
because its spectroscopic redshift is inconsistent wélotiserved
photometry and its photometric redshift is outside the €234.07
range. The remaining 53 sources make up the final X-ray select
sample of optically faint AGN analysed in this work (hereaft
the XAGN sample). All the XAGN sources except 2 have spec-
troscopic redshifts.

The hard X-ray emission in some of the faintest sources in
the sample could originate from intense star formationemgtof
AGN activity. lLehmer et &l.| (2012) estimate that at the fluxiti
of our sample (10 erg s* cm2) the fraction of inactive galax-
ies is~10%. We have calculated hard X-ray to optical luminos-
ity ratios, Lx/Lr, and X-ray derived SFR, SKR(Vattakunnel et al.
2012) for those sources withxk10*? erg s*. All but 6 sources
show log(Lx/Lr) > -1 or SFR/SFRyy.ir > 4 and are thus compat-
ible with most of their hard X-ray emission arising from an WG
Five of the 6 remaining sources ha?€2-8keVYf(0.5-2keV) be-
tween 2.5 and 8, consistent with a mildly to strongly absdméN
spectrum. The remaining source h2-8keVYf(0.5-2keV)~ 1,
consistent with a starburst origin. In addition, it has thghbst
far-IR luminosity among the low luminosity X-ray sourcesitiw
SFRyv+r = 126 M, yr-t. However, the optical spectrum of this
source shows [Olll] 5007[H,3 > 6. Accordingly, we believe this
source hosts a moderate luminosity AGN, even if it does notido
nate the X-ray emission.

2.1 Thereference sample of inactive galaxies

It is well known that the SFH of the galaxies is tightly linkéal
their stellar mass (e.0. Kémann et al| 2003h; Xue etlal. 2010),
and that the fraction of AGN detections grows steeply as a-fun
tion of the stellar mass of the host galaxy (Kaann et al. 2003b;
Best et al.| 2005;_Alonso-Herrero et al. 2008; Bundy et al. €200
Silverman et al. 2009; Mendez et lal. 2013). Therefore, topzmm
the stellar populations of AGN-hosts and inactive galaxtes of
high importance to ensure that the mass distributions aredme.

We select a reference sample of inactive galaxies continin
all the SHARDS sources with M10°M,, and 0.34z<1.07 that
are not detected in X-rays. There are 2579 such sources. We no
that the depth of the SHARDS data ensures a high mass com-
pleteness down to the mass limit of the sampl®1% atz~1,
see HC13). Since all the XAGN galaxies have stellar masses in
the range 9.5log(M./My)<11.5 (see[84]1), the reference sample
contains virtually all the galaxies in the mass and redshifiges
probed by the XAGN sources.

We build random comparison samples of inactive galax-
ies using a bootstrapping method similar to that describgd b
Rosario et al.|(2013). For each galaxy in the XAGN sample, we
choose at random, and allowing repetitions, an inactivevgal
among those withint0.2 dex in stellar mass (comparable to
the typical uncertainty in stellar mass estimates from Bain
Pérez-Gonzalez etlal. 2008) an@.1 inz Since the reference sam-
ple is much larger compared to the XAGN sample, the number of
repetitions is negligible.

We compare the distributions for any physical parametdren t
XAGN galaxies and inactive galaxies by running Monte Caitio-s

ulations in which 1000 random comparison samples are peatjuc
all of them containing as many sources as the XAGN samplé, wit
the same mass and redshift distributions. We obtain thetiitibn
for the physical parameter in the population of inactiveagis
with the same underlying distributions of stellar mass aubhift
of the XAGN galaxies as the mean of the distributions for tb@al
random samples. The dispersion of the distributions foviddal
random samples provides uncertainties for the mean ditivitn

To determine whether the distributions for the XAGN and in-
active galaxies are compatible with being drawn from theespar-
ent population, we run two-sample KS tests with the XAGN siamp
and each of the 1000 random comparison samples. The freguenc
distribution of the tesp-value shows how often the null hypothe-
sis (that the XAGN and inactive galaxies are drawn from theesa
parent population) can be rejected at a given confidence létlee
null hypothesis is true, it should be rejected at the 0.05idence
level in roughly 5% of realizations. If the fraction of refams is
much higher it indicates the underlying distributions tog XAGN
and inactive galaxies areftirent.

3 ANALYSIS

3.1 Stellar masses, redshifts, and rest-frame colours

We obtain stellar masses, redshifts, and rest-frame lfsam
the Rainbow database. The procedure used to estimate pitetom
ric redshifts and stellar masses is similar to the one desdrin
Pérez-Gonzalez etlal. (2008), with a few adaptationsdhuite the
intermediate band photometry from SHARDS (Pérez-Gazéat
al., in preparation). Very briefly, we use a maximum likebkioes-
timator to find the stellar population synthesis (SPS) madat
best fits all the available photometric data points for wergths
<4um (rest-frame). The stellar emission in the models is takem f
the PEGASE code_(Fioc& Rocca-Volmerange 1997) assuming a
Salpeter|(1955) initial mass function (IMF) with &,/M<100,
and a SFH described by a declining exponential law with toaks

7 and agd [i.e, SFR() « e/7]. The uncertainty in the stellar mass
of individual galaxies is-0.2-0.3 dex, while the dispersion in the
photometric redshifts ia(z)/(1+2)~0.0067.

Rest-frame magnitudes in several UV and optical broad-band
filters are computed by convolving the best-fitting SPS modt
the filter transmission curve, as described in Pérez-Glenzt al.
(2008). The broad spectral coverage of the Rainbow photgmet
implies that synthetic photometry in the rest-fratdeV, and J
bands is interpolated between observed filters. Owing tcathe
curate photometric redshifts, the uncertainty in restfeacolours
is comparable to the uncertainty in observed colosfs1 magni-
tudes am=25.5.

The first row in Figurd 2 shows the dependence of the rest-
frame (U-V) colour, (U-V) with the stellar mass for three redshift
bins. The solid lines represent the location of the greeeyait the
middle of each redshift interval, as derived from the relatob-
tained by Borch et all (2006) in a large sample o&@&21.0 galax-
ies from the COMBO-17 survey (Wolf etlal. 2003). The green val
ley is defined by:

(U = V)ev = 0.227 logM../M,) — 0.352z - 0.437 1)

where the value of the constant term has been adjusted for mag
nitudes expressed in the AB system and stellar masses diexsve
suming a Salpeter (1955) IMF.
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Figure 2. dependence of the rest-frame (U-V) colour (top row), apg4D00) index (bottom row) with the stellar mass for galaieshree redshift bins.
Small dots represent all the inactive galaxies in the refmesample (se€ 82.1), while stars represent sources inA@>sample. The green triangles with
error bars represent median values antl &6d 84" percentiles in stellar mass bins of width 0.5 dex. The sdtied in the three upper panels represent the
location of the green valley at the redshift correspondmthé centre of each interval.

3.2 Dy(4000) index, extinction-corrected colours, and
average stellar ages

We measure the strength of the 4000 A break(4D00), in the
SHARDS photospectra using the definitior of Balogh ¢t al9@)9
Raw D,(4000) values are corrected for the limited spectral resolu
tion of the SHARDS photospectra {/B0) using the calibration ob-
tained in HC13 for synthetic SHARDS photometry extracteurfr
high resolution spectra. The typical uncertainty ip(4D00) esti-
mates is~10%.

The bottom row in Figurgl2 shows the,@000) index versus
the stellar mass for galaxies in three redshift bins. Coegbsw the
restframe U-V colour, i(4000) is much less sensitive to the stellar
mass for M<10'%5M,,. Blue cloud galaxies show higher dispersion
in (U-V), compared to [X4000), arguably as a consequence of the
higher impact that extinction has on broadband colours kg3
for a discussion).

We combine information from (U-V) and ,(4000) to com-
pute extinction-corrected (intrinsic) values, (Up\dnd D,(4000).

We use the method of descent down to the dust-free sequence de

scribed in HC13. The method relies on the tight correlatietneen
(U-V), and D,(4000) observed in model SEDs and the universal-
ity of the ratioE(U-V)/A logD,(4000) irrespective of the extinction
law. Unlike SED-fitting based extinction corrections, tiristhod is
largely independent of assumptions about the metallici§yreH of
the galaxy, and its results are ndfexted by the usual degeneracy
among age, extinction, and metallicity. See §4.5 in HC 13fdher
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details. Uncertainties in (U-\)range from 0.2 to 0.4 magnitudes,
with the typical value being 0.3 magnitudes.

Figure[3 represents the extinction-corrected restframe (U
V) colour, (U-V),, with an additional correction term(U-V) =
0.352¢-0.85) that accounts for the redshift evolution of the red se
quence. The less massive galaxies €W0'° M) concentrate in
a narrow blue cloud around (U-¥} A(U-V) ~ 0.5, while more
massive galaxies show an increasingly red colour. We obsaov
strong bimodality in the distribution of (U-Y) in contrast to re-
sults from_Cardamone etlal. (2010) in a similar sample. Wiiée
relatively large uncertainties in (U-Y)could in principle smooth
the bimodality by filling with sources a narrow green valliyg ~1
magnitude dference that Cardamone et al. (2010) find between the
extinction-corrected colour of red sequence and blue cialdx-
ies would easily show up in our data (see §4.5 in HC13 for a dis-
cussion). The XAGN sources have (UpWalues within the same
range of inactive galaxies at the same stellar mass, hoywnesr
seem to concentrate at intermediate values, particulatlys most
massive galaxies. For a detailed, quantitative analysi§€4e5.

We define the light-weighted average stellar &gg, for in-
dividual galaxies as the age of the single stellar popula®SP)
model that produces the same extinction-correctg@@0). We
used the SSP model library of Bruzual & Charlot (2003) with a
Salpeter|(1955) IMF and solar metallicity. We emphasizé tha
is not supposed to represent the formation age of the galatheo
age of any particular stellar population within it. Inste#ds a con-
venient way to represent extinction-correcteg{4D00) measure-
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Figure 3. Restframe (U-V) colour corrected for extinction and for tied-

shift evolution of the red sequence, versus the stellar n&gsbols as in
Figure[2. The error bars in the bottom-right corner represgical 1o

uncertainties for individual sources.

ments calibrated in units of time. See HC13 for further detan
howtssp relates to the SFH.

4 RESULTS
4.1 Massdependenceof the AGN fraction

Multiple studies show a steep increase in the fraction of AGN
detections with the stellar mass of the host. This trend is ob
served independently of the method employed to select thd:AG
X-ray selection [(Alonso-Herrero etlal. 2008; Bundy etlal0&0
Silverman et al. 2009; Mendez ef al. 2013), optical emistiites
(Kauffmann et al. 2003b), or radio-loudness (Best &t al. 2005). The
steep increase in the AGN fraction with the stellar mass leas b
considered a selectiorffect due to the M~ relation, which im-
plies that at a given Eddington ratio more massive galaxass h
more luminous AGN. The shape of the underlying distributadn
Eddington ratios is however thought to be independent oftibléar
mass and redshift (e.q., Aird etal. 2012; Bongiorno &t alZ20

In the SHARDS sample we also find that X-ray selected AGN
are preferentially hosted by massive galaxies, with 50% @GN
hosts at>10"* M, and~95% over 18° M. Figure4 compares the
stellar mass distribution of the XAGN sources and the refege
sample of inactive galaxies. The fraction of galaxies thettan
X-ray selected AGN is less than 1% for galaxies below’ 1.,
but increases te 13% for galaxies over 0 M.

The frequency of AGN as a function of stellar mass has been
discussed by Silverman et/al. (2009). They selected a sashple
ray sources using similar criteria in the much wider but lsadr
XMMCOSMOS survey (50 ks compared to 2 Ms in the CDF-N).
Their sample is limited to galaxies brighter thaef22.5 AB (the
faint limit of their spectroscopic sample) and log(M)>10.6. In
addition, they required for selection X-ray fluxes abovettiresh-
olds 5¢<107% or 2x107%° erg s* cm? in the 0.5-2 or 2-10 keV
bands, respectively. In the redshift range<z51.0 (sample B in
their Table 1) the fraction of sources with X-ray luminodity{0.5-
10keV]>10* erg s? is 4%. If we restrict our sample to galaxies in
the same redshift range and with 2—8 keV fluxes abovE02™® erg
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Figure4. Distribution of stellar masses for the X-ray selected @iitycfaint
AGN (solid line) and the inactive galaxies (dashed line)e iimber counts
for inactive galaxies have been scaled down by a factor 5@ podave read-
ability. Open symbols represent the AGN fraction in binsteflar mass 0.5
dex wide with the scale indicated in the right-hand side efgraph. Hori-
zontal bars indicate the mass range of each bin, while e¢tiars represent
the 68% confidence interval of the AGN fraction calculatethwlhie Wilson
formula for binomial distributions.

st cm2 we select only 10 out of 294 massive galaxies, or 3.4%, in
good agreement with the results|of Silverman etlal. (2009wH
ever, the much higher depth of CDF-N observations &tection
limit of ~107%¢ erg s* cm™2 in the centre of the field) increases our
AGN fraction to 12% of the log(MM;)>10.6 galaxies when the
fainter X-ray sources are considered.

4.2 Rest-frame coloursof AGN hosts

We address first the question of whether the U-V colour of AGN
hosts and inactive galaxies ardfdrent.

The distribution of the rest-frame (U-V) colour for the AGN
sample and the average of 1000 realizations of the controplea
is shown in the top row of Figulfd 5. Both distributions showneo
parable shapes, with a peak in the red sequence at (M2\(albeit
the distribution for the XAGN peaks at slightly bluer (U;Y)gand
an exponential tail towards the blue cloud. The cumulatigtrie
bution for the XAGN is contained within the @-dispersion of the
mean distribution for inactive galaxies, and the KS-testd<fithe
two distributions are not significantly fiérent.

While our sample spans a large redshift range, the use of com-
parison samples matched in stellar mass and redshift enthaea
potential diference in the colour distribution of XAGN and inac-
tive galaxies is not obfuscated by redshift and luminositylation.

To prove this point, we calculate for every galaxy its distato the
green valley dy = (U-V); - (U-V)gy, with the rest-frame colour of
the green valley at the corresponding stellar mass andifedsh
V)ev, calculated from Eq. 1. The second row in Figure 5 shows the
distribution of distances to the green valley for the XAGNI an-
active samples. Their shapes are very similar to the digtabs for
(U-V),, because (U-\By varies by only 0.2 magnitudes for a 10-
fold increase in the stellar mass, and the redshift evolusalso
small. About 23 of the sources in the XAGN and the comparison
samples of inactive galaxies are in the red sequensg>@). The
mean gy for red sequence galaxies is slightly lower for the XAGN

© 2012 RAS, MNRASO0O, [I}-??
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Figure 5. Distributions for several stellar age indicators in the X¥Gample and the control samples of inactive galaxies. Thanpeters shown are: rest-
frame U-V colour (top row), distance to the green valley ¢calrow), and strength of the 4000 A break (bottom row). laresow the left panel shows number

counts in equally sized bins, while the central panel shawsutative distributi

ions. The solid lines represent disttions for the XAGN sources, while the

dashed lines represent the average of the 1000 random lceatnples. Dark and light grey areas represent theahd 2¢- dispersion of individual control
samples, respectively. Histograms in the right panel st@ifrequency distribution of the KS-test p-values (seeftaxtietalils).

compared to the inactive galaxies (0.27 vs 0.32 magnitudtesy-
ever, this diference is not significant, and the KS-test finds the two
distributions are compatible with being drawn from the sgpae

ent population. This is in agreement with recent resultaiokd in
similar samples (e.d.; Xue etlal. 2010; Rosario &t al. 20dB)ch
found no significant dferences between the rest-frame U-V colour
of AGN hosts and inactive galaxies.

The similarity of the observed U-V colours in mass and red-
shift matched samples is striking given the widespread rehse
tion of a low prevalence of AGN among quiescent galaxies.(e.g
\Kauffmann et all_2003b; Xue etlal. 2010; Schawinski et al. 2011)
and higher average SFR in AGN hosts compared to inactivecgala
ies (Santini et al. 2012; Rosario eflal. 2013). These factbeaec-
onciled if AGN are more likely to be hosted in star-formindaga
ies with significant extinction (see eDJSﬁnce
extinction reddens the U-V colour, it can push some dusty sta
forming galaxies into the red sequence. These galaxiesvehaw
U-V colours similar to those of quiescent galaxies, but bigstar
formation rates.

Evidence favouring higher extinction in the AGN hosts comes
from the UVJ restframe color-color diagram (Figliie 6, lefhpl).

© 2012 RAS, MNRASD00, [I-2?

In this diagram, quiescent galaxies occupy the region veith(lJ-
V), and blue (V-J) delimited by the dashed liné (Williams et al.
M). At the same (U-V) reddened star-forming galaxies are
about 0.7 magnitudes redder in the (V-8lour compared to qui-
escent galaxies. Only 21% of the XAGN sources are found in the
locus of the quiescent galaxies, while the same region ow¥d%
of the inactive galaxies in the random comparison samptead}
dition, sources with (V-J»1.7 represent 32% of the XAGN com-
pared to only 17% of inactive galaxies.

The 21% fraction of passively evolving AGN hosts is much

lower than the~50% found by Cardamone etldl. (2010)zafl in

the Extended Chandra Deep Field South, but consistent ag¢dnit
results from Georgakakis etldl. (2014), who find in a largensa
including the CDF-S that15-20% of the AGN luminosity density
at z~0.40 and 0.85 is associated with galaxies in the quiescent pa
of the UVJ diagram.

4.3 Stellar ages of AGN hosts

Unlike the (U-V} colour, the [3(4000) index is only weakly influ-
enced by extinction, and therefor&ars a more robust indication
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extinction law with Milky Way grain size distribution (Wedrartner & Drain

of the age of stellar populations. The bottom row in Figurbé&ngs
the distributions of [X4000) for the XAGN and the control sam-
ples. The AGN counts are now outside the-Zonfidence inter-
val for inactive galaxies in several,B1000) bins. There is a clear
(>30) excess of AGN in galaxies with [p4000)»~1.4, and also a
strong deficit of AGN at [(4000)>1.5. The KS-test confirms that
the XAGN and control samples areffidirent at thex=0.05 signif-
icance level in 70% of realizations. This is incompatibléhathe
null hypothesis of the XAGN and control samples originafirggm

the same population. The small fraction of XAGN sources with
D, (4000)-1.5 indicates a low prevalence of AGN among passively
evolving galaxies. We note that the peak in the AGN numbentsou
at D,(4000)~1.4 is also apparent in M 10'%°M,, galaxies at com-

parable redshifts from zZCOSMOS (Silverman et al. 2009 thigj-

ure 11), although it is more prominent in our data.

The (U-V) versus log [(4000) diagram (Figur&l6, right
panel) shows that there is a tight correlation between (Javig
D, (4000) that applies to both XAGN and inactive galaxies. How-
ever, about B of XAGN with intermediate [(4000) values and
(U-V),~2 show (U-V) excesses of 0.2-0.4 magnitudes relative to
inactive galaxies with the same,(3000). Also, very few of the
XAGN with (U-V);~2 have logR(4000)»0.2, as is the case for
the inactive galaxies. Instead, they have lower Ig¢4D00) values
which imply the red (U-V) is due to higher extinction. Since (V;J)
and D,(4000) are obtained with independent techniques using dif-
ferent data sets (broad-band versus intermediate bandmbkuty),
we are confident that the observed trends are real.

It is enlightening to test whether extinction estimates and
extinction-corrected U-V colours havefidirent distributions for
the AGN hosts and inactive galaxies that support a lowergsrev
lence of AGN among intrinsic red galaxies. Ondfidulty with
SED-fitting based extinction corrections is the degenebatyween
metallicity, extinction, and stellar age. While this degrty can
be partly broken with the help of rest-frame NIR photometinjs
implies that the extinction determination iffected by the entire

¢ 2001) and\R=3.1.

UV to NIR SED of the galaxy, not just the population that dom-
inates the emission in the rest-frarke and V bands. To over-
come this issue we obtain an extinction correction for (|-af)d
Dn(4000) using the method of projection down to the dust-fiee s
guence presented in HC13. This method has the advantages of r
lying only on the SED between the rest-fratdeandV bands and
not depending on assumptions about the metallicity or SFtHef
galaxies. The first row in Figurlgl 7 shows the distribution »f e
tinction in the rest-fram&/-band calculated with this method for
XAGN and inactive galaxies. While the uncertainties i Are
large (~0.3-0.4 magnitudes) there is a clear trend towards higher
extinction in the XAGN, with a median value of 1.25 compared t
1.0 in the inactive galaxies.

The second row in Figurg]l 7 shows the distribution of the
extinction-corrected rest-frame U-V colour, (UgV)There is a
strong excess of AGN at (U-¥}1.2, whose significance-@o)
is boosted by a slight decrease in the number counts of veacti
galaxies at the same (U-y)There is also a significant deficit
of intrinsic red galaxies (extinction-corrected (Up¥)L.3) among
the XAGN. The cumulative distributions for jp4000) and the
extinction-corrected (U-\ghave similar shapes. This is hardly sur-
prising, since the two magnitudes are not independent. Menve
the significance of the fierence between the XAGN and inac-
tive galaxy distributions is even higher for the extincticorrected
colour (80% of realizations with p-valk®.05), probably due to
the residual ffect that extinction has onp4000) values.

While the correspondence between the extinction-cordecte
values of (U-V) and D,(4000) is independent of metallicity or
SFH, to translate any of them to stellar ages requires tamassu
metallicity and SFH. For simplicity, we define the light wiigd
average age of the stellar populatidg,, as the age of an in-
stantaneous burst with solar metallicity that producesotiserved
extinction-corrected ({4000} and (U-V). The bottom row in Fig-
urel7 represents the distributionstef, for the XAGN and inactive
galaxies. Since there is a functional relation betweenxtinaion-

© 2012 RAS, MNRASO00, [1-7?
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corrected (U-V) and tsp, it provides no new information. The
small diferences in the number counts, cumulative distributions
and frequency distribution of p-values are due téedences in bin-
ning, the non-linear nature of the coloyg, relationship and the
randomness of comparison samples.

The D,(4000), and (U-V), of the peak of the XAGN distribu-
tion translates tdss~300-500 Myr. In HC13 we estimated from
stellar population models that a galaxy with a constant S&Reh
light-weighted average stellar age that converges tovigygs 300
Myr. This implies that galaxies witks;<300 Myr must have expe-
rienced a recent increase in their SFR, while those wigf»300
Myr have recent SFR below their long-term average. The obser
peak in the frequency of X-ray detected AGN at 36Q,<500 Myr
would then imply that the probability of observing AGN adtyv
peaks when the last star formation episode is already inrgecl
This is in agreement with the detection of significant paatisirst
stellar populations in the hosts galaxies of luminous |0dGN
(Kauffmann et &ll. 2003b) and results from detailed analysis of the
stellar populations in local AGN hosts, which find that therage
accretion rate rises steephi250 Myr after the onset of the starburst

(wild et all2010).

In summary, the distribution of restframe (U-V) colours and
distances to the green valley of XAGN sources are not sigmiflg

© 2012 RAS, MNRASD00, [I-2?

different from those of inactive galaxies, in agreement witlvipre
ous results. However, once thffexts of extinction are removed
(either by using the [4000) index or the extinction corrected (U-
V) colour) there is a clear excess of AGN at values that cpoed
to intermediate stellar age{=300-500 Myr) as well as a deficit
of AGN in quiescent galaxies.

4.4 Massdependence of the age distribution of AGN
frequencies

We have shown evidence that the frequency of AGN detectiens d
pends mainly on the stellar mass of the host galaxy. Onceéhars
mass selectionfiects are taken into account, a clear dependence on
stellar age appears that favours intermediate age hostaiskieo
address now the question of whether there is a mass dependenc
on the distribution of the AGN fraction as a function of aell
age. Other studies have found evidence for such a dependence
a larger sample of X-ray selected AGN. Aird et @012) fdun
that for the most massive galaxieslQ'* M) the AGN fraction is
highest in the blue cloud, while at lower masses it peaksdmgteen
valley. Using the [(4000) index| Silverman et al. (2009) obtained
an equivalent result: while at M10''* M, the AGN fraction is
higher among the galaxies with a weaker 4000 A break, the peak
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shifts to 0,(4000) ~1.5 if galaxies in the 1¥5<M,/My<10'* M,
range are also included.

For comparison, we show in Talllé 1 the AGN fraction as a
function of (U-V),, Dy(4000), (U-V), andtss, for three mass bins.
Percentages indicate the AGN fraction among galaxies mighi
given interval of stellar mass and one of the age indicafbhe
values in parenthesis represent the number of XAGN soures a
the total number of galaxies in each group.

We find that for the mass bins 1&5ogM./M, <11.0 and
11.0< logM./M,, <11.5 all four indicators are consistent with com-
parable AGN fractions for young and intermediate age stptia-
ulations, and much lower fractions (a factor 3-5 lower) itages
with old populations. Although the AGN fraction seems tarease
slightly faster with stellar mass for the galaxies with tlfeiggest
stellar populations, we find theftrence not to be significant due
to the limited sample size. Therefore, we cannot confirm ardas
pendence of the relative frequency of AGN as a function dfeste
age.

4.5 dependencewith X-ray luminosity

The luminosity and accretion rate of powerful AGNx#10* erg
s?1) is found to correlate with the SFR in the host galaxy (e.g.
Shi et all 2007; Chen etlal. 2013). However, there is no cleaee
lation between global star formation and nuclear activitipiv and
moderate luminosity AGN_(Shao etal. 2010; Mullaney et al.220
Santini et al.| 2012| Rosario et/al. 2012, 2013). In star-fogm
galaxies, a recent burst of star formation can easily domittee
UV output of the galaxy, making stellar ages based on the U-V
colour or ,(4000) appear younger even if young stars only rep-
resent a small fraction of the total stellar mass in the galas a
consequence, there is a correlation between the specificaBBR
tsspin star-forming galaxies (Hernan-Caballero et al., inpre
Figure[8 shows the X-ray luminosity versiys, for the sources
in the XAGN sample. We find no correlation between the two mag-
nitudes. However, the concentration of sources atdgg8.6 (400
Myr) found in §4.3 seems to be stronger for AGN witj+10% erg
s compared to less luminous ones. 20 out of 32 XAGN sources
with Lx>10* erg s* have 8.4log tssp<8.8 compared to only 8 out

of 21 with Lx<10* erg s. The Fisher exact test gives a p-value of
0.099, which implies the flierence is significant only at the90%
confidence level. If confirmed in larger AGN samples, this ldou
be consistent with the picture of AGN reaching peak lumityosi
few hundred Myr after the onset of the starburst (Davies.&0fl7;
Wild et all| 2010).

5 DISCUSSION

The main result of this work is the existence of a significagt e
cess of X-ray selected AGN in galaxies with intermediatdlaste
ages (0.3tss;<0.5 Gyr), which correspond top4000)~1.4, after
the stellar mass and redshift dependences of the AGN fraktive
been accounted for. This excess at intermediate ages isiraso
to previous results that suggested either an increased AN f
tion among the galaxies with younger populations (Silvermial.
2009), in red ones (Bongiorno et al. 2012) or no dependenat at
(Rosario et al. 2013). While our AGN sample is small, the ezde
statistically significant mostly because the procedurel ugeesti-
mate stellar ages allows us to break the age-extinctionmdegey,
therefore eliminating the dispersion that extinction aduices in
rest-frame colours such as (U+V)

A source of uncertainty for the analysis presented hereris co
ceivably the impact of AGN emission in the measurement dieste
ages and stellar masses. While [ih §2 we argued that the iropact
AGN emission in optical colours and derived stellar masse®g-
ligible for galaxies with a clear 1y6n stellar bump, it is reassuring
to test whether our results can be interpreted as a consegoén
contamination from the AGN emission. The observed distitiou
of D,(4000) for the XAGN sources can be accurately reproduced in
the comparison sample of inactive galaxies by decreasintpbfy
the D,(4000) value of all galaxies with [p4000)>1.45. To check
whether emission from a type 1 AGN in a quiescent galaxy could
decrease the [§4000) index by the required amount while avoid-
ing being identified in the ACS images, we calculate the foaet
AGN contribution to the rest-framé band luminosity required to
reduce (4000) by 10%. We use the SDSS quasar composite tem-
plate from_Vanden Berk et al. (2001) as the type 1 AGN template
and the elliptical template from Coleman et al. (1980) agjties-
cent galaxy template. We obtain that a 10% reduction j(#000)
from AGN contamination alone requires the AGN to contribute
~50% of the integrated luminosity in the rest-fratdeband. If the
AGN SED is redder or the galaxy SED is bluer than our assump-
tion, then the required AGN contribution to the rest-frathéand
emission is even higher. We obtain conservative upper dimit
the AGN contribution to the restframé band emission using ACS
photometry in theé/sos band from the version r2.0z of the GOODS
ACS multi-band source catalogs (Giavalisco et al. 2004)ofre
ing (Silverman et al. 2008), we calculate the ratio betwéerfiux
contained in circular apertures with radii 0.088” and 1" eTfor-
mer contains 50% of the flux for an unresolved point sourcélewh
the later matches the aperture used for our SHARDS photgmetr
We find that the median flux ratio is 4%, which implies the AGN
contributes less than 8% to the restfrabhéband emission in the
SHARDS photometry for 50% of the XAGN sources. The flux ra-
tio is below 10% for 90% of the sample, and the highest value is
14.5%, which represents a maximum AGN contributi@0%.

AGN emission can also bias the distribution of (U-\@nd
Dn(4000) via overestimation of stellar masses. The additiemés-
sion in the NIR arising from the AGN boosts stellar mass estis,
and as a consequence AGN hosts are compared to inactivéegalax
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that are actually slightly more massive. The stellar magsor-
relation then makes AGN hosts seem younger. We use observe
IRAC colours to estimate the fraction of NIR emission thases
from the AGN in the XAGN sample. We define the colour excess
A([3.6]-[5.8]) of a source as the fiierence between its observed
[3.6]-[5.8] colour index and the average value for inactiedaxies

at the same redshift. The mea([3.6]-[5.8]) for XAGN sources is
0.1 magnitudes. This implies the AGN contributes betwe#&b%
and ~25% of the observed 58 flux density, depending on the
redshift, and less than 10% at the peak of the stellar emisSiach

a small contribution is unlikely to have any noticeable icipia
stellar mass estimates.

Finally, we note that while the strongest discrepancy betwe
distributions for the XAGN and comparison samples is foumd i
the extinction corrected parameters ((UsM)sp) the signal is suf-
ficiently strong in the X4000) index to rule out the extinction
correction procedure as a probable cause for the obsereadstr
Furthermore, the lower fractions of XAGN in the quiescerdu®
of Figure[®6 compared to inactive galaxies confirms that AG& ar
more likely to be hosted in star-forming galaxies.

6 SUMMARY AND CONCLUSIONS

We analyse the stellar populations in the host galaxies 0K53
ray selected moderate luminosity,(&10* erg s') optically faint
AGN at 0.342z<1.07 in the area of the GOODS-N field covered by
the SHARDS survey. The ultra-deem{z<26.5) optical medium-
band (R-50) photometry from SHARDS allows us to consistently
measure the strength of the 4000 A break. This, in conjunetith
the rest-frame (U-V) colour, provides a robust measureroktite
extinction that is independent of assumptions on the meitgland
SFH of the galaxies. This allows us to obtain extinctionreored
(U-V) colours and light-weighted average stellar ages)(

We confirm a steep increase in the frequency of AGN with the
stellar mass of an order of magnitude betweet? 8did 16 M.
50% of our X-ray selected AGN are in hosts more massive than
10" M, and~95% have M>10° M.

A careful selection of random control samples of inactive
galaxies allows us to remove the stellar mass and redsipérde
dences of the AGN fraction to explore trends with stellar.age
We confirm that X-ray selected AGN hosts have rest-frame U-V
colours comparable to those of inactive galaxies at the saass
and redshift. In particular,/2 of the AGN hosts in our sample and
a comparable fraction of inactive galaxies are in the redisece.
However, we find that the fraction of AGN hosts with UVJ coleur
in the quiescent locus is only half the fraction found in itz
galaxies. The other half are instead dusty star-formingges with
bluer extinction-corrected colours.

D, (4000) measurements and extinction-corrected U-V colours
both support significantly younger stellar populationsha AGN
hosts, with a strong deficit of AGN among galaxies with older
(tssp>1 Gyr) stellar populations. We find that X-ray detected meder
ate luminosity AGN (log(ly/erg s*)~41.5-44.0) are more preva-
lent in galaxies with intermediate stellar ages €2s3,<0.5 Gyr)
compared to younger or older galaxies, consistent with ayeel
onset of AGN activity after a star formation episode.

© 2012 RAS, MNRASD00, [1-7?
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Table 1. Frequency of AGN (L[2—-8keV]> 10*° erg s?)

10.0<log(M./M)<10.5  10.5l0g(M./Mo)<11.0  11.&log(M./Mo)<11.5

(U-V); <1.5 2% (3213) 5% (240) 0% (02)
1.5<(U-V), <2.0 2% (3161) 10% (17165) 16% (850)
(U-V); >2.0 3% (766) 4% (5132) 10% (884)
(U-V)g <0.8 3% (3185) 13% (756) 25% (14)
0.8<(U-V)o <1.3 3% (3105) 12% (13105) 30% (183)
(U-V)o >1.3 3% (260) 3% (4119) 7% (369)
Dn(4000x1.3 3% (7235) 9% (§91) 30% (310)
1.3<Dn(4000K1.5 3% (275) 14% (14103) 25% (1744)
Dn(4000)-1.5 2% (141) 2% (786) 4% (752)
tssp< 0.3 Gyr 3% (7244) 9% (998) 23% (313)
0.3< tssp< 1 Gyr 2% (285) 10% (13129) 17% (1164)
tssp> 1 Gyr 5% (321) 4% (753) 7% (729)
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