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ABSTRACT

We study the relationship between the structure and stareftion rate (SFR) of X-ray selected low and moderate lusitgactive
galactic nuclei (AGNSs) in the two Chandra Deep Fields, usiludpble Space Telescope imaging from the Cosmic Assembly Nea
Infrared Extragalactic Legacy Survey (CANDELS) and deegrffrared maps from the PERSOODS-Herschel survey. We derive
detailed distributions of structural parameters and FiRitwsities from carefully constructed control samplesaifgies, which we
then compare to those of the AGNs. 2t 1, AGNs show slightly diskier light profiles than massivedtiee (non-AGN) galaxies, as
well as modestly higher levels of gross galaxy disturbaaserfeasured by visual signatures of interactions and cl@tnpgture). In
contrast, az ~ 2, AGNs show similar levels of galaxy disturbance as ina&ctialaxies, but display a red central light enhancement,
which may arise due to a more pronounced bulge in AGN hostsi@ta extinguished nuclear light. We undertake a numberst$ te
of both these alternatives, but our results do not strorggdir one interpretation over the other. The mean SFR amtisitsbution
among AGNs and inactive galaxies are similazat 1.5. At z < 1, however, clear and significant enhancements are seee in th

SFRs of AGNs with bulge-dominated light profiles. These deesuggest an evolution in the relation between nucleaviycénd
haoet nronertiece with redchift towarde a2 minor role for neeserand interactione ats 1 5


http://arxiv.org/abs/1409.5122v1

1. Introduction turbed (Wuyts et al. 2011; Kartaltepe etlal. 2012). This eisso

. tion between structure and SF patterns highlights altenpath-
The study of galaxy structure (or morphology, used integea ways for violent and secular processes, in terms of the asnne

ably in this work) has provided important insights into ga#a i, petween SF and the morphological change in galaxies.
formation and evolution and is a key observable in condsain The morohologies of AGN hosts have been extensivel
on theoretical models. Itis conclusively linked to othepontant studied in v%rioug dierent ways, across a wide range ofy
%i";lté:)xry piL(;Fe)f;gteics)r?gggtzsawc?sésﬁv??orzsnnéﬁtCE)erl];em[’)?m? redshifts. In general, these studies have either used tamaly
Robe??s& Sraction state and envronment (&.g.. Dr ;t al éocm_easures of structure, such as light profile fitting, pixed- di
VInes D4, VY0, IS . . . - 'y S

Wuyts et al. 2011). In this sense, structure is a sensitiva-m%é)(;?,or;,iztrigsgf il Orzorgc?)‘-mec.tgbrgre:f;mSzo((?gr-ogsl?r;#h?-_)lhszgto;
sure of the history of galaxy growth and can be used to Canstt8 17 [ o awinski et al, 2011; Bohm efial, 2013; Villfortraet
galaxy evolution models. Another important tracer of thelev 2014) or visual classification using a number of special-

tionary state of a galaxy is the star—lformanon rate (SFRysT purpose schemes (Schawinski et al. 2007, 2010; Cisterrzds et
Is sensitive to the gas content and infall onto a galaxy, ab W5011:[Kocevski et l. 2012). Some studies of more luminous

as the processes that inject energy and momentum into the (IPB’fically-unobscured AGNs have also been undertakenpiavo
and regulate the overalfficiency of cold gas fragmentation an ng the careful subtraction of nuclear point sources to re-

the formation of new stars.
. . ; . eal the host galaxy more clearly (e.q., Bahcall eétal. 1997;
Active Galactic Nuclei (AGNs) are found in a subset CKA : 1Lif P
X ; AcLeod & McLeod [2001;| Dunlop et all._2003; _Jahnke et al.
galaxies where a central supermassive black hole (SMBH)ZGM; Sanchez etlal. 2004; Guyon €tlal. 2006; Veilleux et al.

ﬁ]ccrrﬁgr:]g gr]]gtrzrcl:?ériitticatrﬁaigéfgto;er:/ieL}gngf dg(‘;‘f;‘f/tiabtga‘;s'zoog). AGN hosts span a range of morphologies and levels of
9 y 9 9y e galaxy disturbance, with a sizeable fraction found in massi

Ztrrn(?gg (;(n- rb}ryﬁgr%ngpeeﬁnﬂﬁﬂfgr?&t (:lgsttoo\r/vrllqlgth t?i)g(](ggimaen d alaxies with substantial disks and low levels of mergeiveyt
els SMBH accretion (e.g., Hopkins et al. 2005; Fanidakid.et © mlost Iumkllnous systems tend to be in more bulge-dominated
2012;|Hirschmann et al. 2012; see Alexander & Hickox :201%2r eliry;)rlglleel otsrfz. SE proverties of AGN hosts is topic of
for a contemporary discussion). These may be broadly dj‘/ianuch gurrent ’work Varti))usptracers of the SFR have bgen ap-
into secular processes (bars and spirals, possibly mincgers) lied to AGNs thoﬁ h traditional ones such as emissiorrs]inep
that take several galaxy dynamical timescatggs)(to bring gas P ; ' 9
to the nucleus from galaxy scales, or “violent’ processes (ho ¥ continuum or ;)ptlclal spectral f_ezliltures can lbe strongly-co
rassment, major mergers, violent disk instability), whoglerate 2inated by nuclear light, especially among luminous Type

. : AGNs. Despite the limited sensitivity of current dataséas:
through varying, typically external, torques that changdug, infrared (FIR) wavelengths>( 50 um) offer the best discrim-
and are expected to circumvent secular inflow. Sigeis the g H

characteristic duration over which a galaxy responds tokemt mgﬁmeb;;tevéezﬂsimé?zlcoen tfrz?amla?:::_fglgn:st;oglvr\]/ga;edefr?ig?t: a
disturbance and relaxes into a new state of dynamical «iaquilfA ’ Y

rium, the relationship between galaxy structure and the;lBcc\ivazrgqe%dﬁittub;t;%naff éergqpfgrg%%si:r);?ﬁggé? é‘:t;‘l'“;g;?_
rence or strength of nuclear activity is a vital indicatortiog K P P . v '

relative importance of violent and secular AGN fueling meech Mulla_ney et a\._ 2011; Rosario et’al. 201.2)' ngschel-bast?isS
nisms. of active galaxies across a range of luminosities have Heamrs

Star-formation is also fiected dfferently by these two to agree reasonably well with those of massive inactive (i@n-

- . GN) star-forming galaxies (Mullaney etlal. 2012; Santinak
classes of processes. Stable galactic gas disks form stirs .‘"A2A012)' Rovilos et 3|.920:LIZ: Rosario ef al. 2018b c) but tieee

a relatively low dficiency, which current studies suggest Ib’t‘png tendency for X-ray bright AGNs to be found in SF hosts

modulated by the interplay of dense gas and stellar feedbgglk—=- : S
(Kim et all|2013) Hopkins et al. 2013a). Violent processeslle Rosario et al. 2013b). Therefore, AGN hosts are primariism

to the strong inflow of gas into the centers of galactic p(?—'gr?tgrila)('es forming stars at a normal rate given theilastel
tential wells (Sanders etlal. 1988) or into dense smallescal ’

7 i ; : In this work, we present an exploration into connections be-
clumps (Dekel et al. 2009), both of which result in star-forgm ! ; .
environments with an enhancediigiency of star-formation tween the SFR and structure of AGN hosts at intermediate to

(Genzel et 8l 2010: Daddi etlal. 2010b). Observationathy-s N9 redshifts £ = [0.5,2.5]), towards constraining the degree

forming galaxies show a clear correlation between SFR atd st@ Wh?Ch AGNs exhibit.the relationships k”OWf? among inaetiv
alaxies (i.e., those without substantial on-going SMBkrac

; al. v, .2007; ie ! ; ;
lar mass W) (Noeske et al. 2007; Elbaz etlal. 2007; Daddi et agon). The primary goal of this paper is to lay the groundwork

2007;| Santini et al. 2009; Rodighiero et al. 2011), sometim tensi d detailed lsis of h reldii
called the star-formation (SF) sequence. The existenchisf t or a moreé extensive and detailed analysis o such relaupss

sequence implies that secular processes govern most St5th9 for.thc_ommg data;ets spanning a r.‘“mbef of Important e
forming galaxies and, indeed, structural studies of gataxitadalactic fields. Despite this, our work is already uniguis
across much of cosmic time show that galaxies on the SF ggproach of testing SFR-structure trends in systems V\g.mfs'
quence are disk-dominated, indicative of low levels of dyital icant AG.N activity across an important range in redshn‘tsr 0
disturbance| (Forster Schreiber etlal. 2009; Wuyts et al1p0 study bl.“lds on the best available deep extragalactic data a
Starbursts are defined to have an elevated SFR, placing tHéh qpt|cal, NIR and FIR Wavel_engths, anq leverages the.sub
above the SF sequende (Rodighiero etal. 2011; Sargent et _nt|al dforts of th? extragalactic community towards bu!ldmg
2012), and are structurally consistent with being recedisy Cconerentdatasets in the GOODS fields. Datasets, seleimhs
methods are introduced in Section 2. We discuss specific-stru

Send offprint requests to: D. Rosario e-mailrosario@mpe.mpg.de tural patterns relevant to the galaxy population at thedstriéts

* Herschel is an ESA space observatory with science instrtgpeo-  @nd compare them to th_e AGNSs, reveallng anffe_niences b_e-
vided by European-led Principal Investigator consortidaith impor-  tween these two populations (Section 3). In Section 4, wesnv
tant participation from NASA. tigate trends between SFR and structure, again compareng th
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AGNs to the galaxy population. Finally, in Section 5, we dise covers a rest-frame band at8000A atz = 1 and~ 5200A at
our results in the context of earlier work and weigh them guak = 2. Two other HST optical bands relevant for appreciating the
tatively against the predictions of key AGN triggering sagos. following analysis are F606W (V-bane; 3000A atz = 1 and

We adopt a standaml-CDM Concordance cosmology, with~ 2000A atz = 2) and F850LP (z-band; 4500A atz = 1 and
Ho = 70 km s Mpc™* andQ, = 0.7. Stellar masses in this ~ 3000A atz = 2).
study are estimated assuming a Salpeter Initial Mass Famcti

2.1.1. GALFIT models of galaxy structure

2. Sample Selection, Datasets and Methods . . i
For our primary measure of galaxy structure in the two fields,

In this work, we concentrate on X-ray selected AGN, since luve rely on light profile fits to the F160W (H-band) images
minous X-ray emission is an unambiguous hallmark of SMBHf galaxies in CANDELS, performed using the GALFIT code
accretion activity. However, studies of the AGN populatiord  (Peng et all 2010). Details of the setup and fitting procedure
the X-ray background suggest that X-ray selection systemancluding the segmentation of the CANDELS mosaics, object
cally misses the most obscured AGNs. Our conclusions frasn thidentification, data preparations and initializations) ba found
work are strictly applicable only to such AGNs as are tracgd inlvan der Wel et al! (2012).
X-ray selection. This caveat must be borne in mind whenrggtti  Galaxies are fit using elliptical Sérsic light profile masjel
this work into the overall context of AGN demographics. yielding an estimate of the best-fit major-axis half-lightlius
Re, the Sérsic indexn) and the ellipse axis ratiag) for each
. . galaxy through GALFIT. The Sérsic index is the principat pa
2.1. CANDELS HST imaging rameter that governs the normalised light profile of galaxy,
A panchromatic spatially resolved view of substantial nensb in a broad sense, is related to the dynamical state of thirstel
of galaxies in the distant Universe is now available throughatter (though the exact nature of these relationships faeid t
the Cosmic Near-Infrared Deep Extragalactic Legacy Surveyolution with redshift is yet unclear). The Sérsic indsxper-
(CANDELS), which consists of HST ACS and WFC3 imag#itted to vary in the range of 0.5 (sub-exponential) to 8up¢s-
ing of five separate deep extragalactic fields in multiplealdro De Vaucouleurs). To ensure the fidelity of the fits, we restnia
photometric bands spanning the observed UV to the near-Ftudy to sources with a F160W magnitutg < 24.0 and with
Full details of the design, data reduction and available for GALFIT flag= 0, indicating a sensible fit.
mats of the survey are discussed. in Grogin etlal. (2011) and We also include a set of GALFIT fits to CANDELS F160W
Koekemoer et al.| (2011). The great leap forward for galaxgnd GOODS-S v2.0 F850LP (z-band) images of a subset
structure work made possible by CANDELS comes from deeyp objects in the CANDELS GOODS-S field, those which
near-infrared imaging from the IR channel of the WFC3 cameraverlap with the FIREWORKS multi-wavelength compilation
The reddest CANDELS band is F160W, which approximate{yMuyts et al. 2008). The GALFIT setup used for these fits is
corresponds to the H-band at Jufh. For galaxies at = 2.5, documented in_Wuyts etial. (2011) and is very similar to that
F160W lies completely redward of rest-frame 4000 A. At theagsed for the H-band fits. We compared fits made using both se-
wavelengths, the continuum light from galaxies is represtere  tups for the FIREWORKS subset and found good consistency,
of the total stellar content of the systems, and is signiflganwith a median dierence im of 0.04 and a scatter in of 0.25.
less biased by rest-frame ultra-violet light from youngsthat About 15% diter by An = 1, typically towards a highar using
can completely dominate in the observed optical and UV wavite setup from van der Wel etlel. (2012) and mostly among high
lengths. Earlier studies of galaxy structure over largeaxyal Sérsic galaxies which have larger uncertainties.in
samples at HST resolution were restricted to observed wave- For this work, we fit galaxies, whether active or inactive, us
length< 1 um. With its capacity to capture the true stellar distriing pure galaxy light profile models, without any special gam
bution of statistically complete samples of galaxies, CANIS nents to account for possible AGN contamination. Studie® ha
has greatly expanded the abilities of galaxy structuralyaismat shown that excess nuclear light from the AGN in the rest-&ram
z~2. optical bands at the level of tens of percent can systenfigtica
We measure structure from the entire CANDELS maalter single profile galaxy fits, as well as other analytic mea
saics in the two fields associated with the Great Obserestorsures of structure. Therefore, earlier studies have tetmléd
Origins Deep Survey (GOODS_Giavalisco etal. 2004). Thgude additional point source components to AGN profile fits,
CANDELS mosaic in GOODS-S consists of an ultradeep ren the principle that such fits can distinguish between doniss
gion (Hubble Ultra-Deep field;’2< 2!3) enclosed by a deep re-from a nuclear point source and the light of central bulgdsciv
gion (CANDELS-DEEP; 6 x 10'), both of which are enclosed may appear very similar). There has been some calibration of
by a larger shallower region (CANDELS-Wide;’1016"). The this technique for AGN hosts imaged with the HBTS cam-
CANDELS mosaic in GOODS-N is similar in size to that irera (Simmons & Urry 2008; Gabor et/al. 2009). Even with the
GOODS-S, with Deep and Wide subregions but without an utarrow ACS PSF, such studies found that this method, while
tradeep section. generally sound, overestimates the nuclear point soua® fr
The HST bands cover filerent rest-frame wavelengthstion in a fraction of early-type systems, leading to an erkedn
across the redshifts considered in this work. Therefois,iin- AGN component at the expense of a residual galaxy component
portant to keep in mind that that when we discuss or highlightith a lowered Sérsic index. With the broader and more cempl
evolution in structural properties obtained from our owalgn HST/WFC3-IR PSF, it is expected that these systematics would
sis, we specifically mean apparent evolution which may be sute more pronounced. To avoid beinfjezted by fitting based
ject to morphological K-corrections. The main conclusiafs biases, we employ only single component fits for all galaxies
the paper are based on structural and SFR comparisons Ipetvaged use various tests to check for thigeets of AGN contamina-
galaxy populations at similar redshifts, which are not sabjo tion when presenting results based on the GALFIT fits (Sactio
K-corrections. As a rough gauge for the reader, F160W (Hipbar3.3.1).
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Fig. 1. The breakup of the mean scatter of visual classificationiosgfior galaxies at ® < z < 2.5 binned by their final mean metric
value. The mean scatter for a galaxy is defined as the avebagkite value of the flierence of the metric between pairs of classifiers
for that galaxy. Galaxies with larger scatter have a largeell of disagreement between the individual visual clasgifins. The
relative number of galaxies in four ranges of scatter arishoepresented by lighter to darker grayscale towardgasing scatter.
Galaxies are binned by the final interaction metric (IM, fghel) and the final clumpiness metric (CM, right panel).

2.1.2. Visual classification of galaxy structure and eral arcseconds with no clear signs of interaction; thesglrea

disturbance associated but may also be line-of-sight alignmeht.= 0.5

are given to objects with visual signatures of interactiathw

In the CANDELS GOODS-S field, all galaxies witimy < other galaxies outside their H-band segmentation mapsse the
24.5 were examined by at least three human classifiers, as pagly be pre-mergers or close encountelé.= 0.75 are objects
of a large on-going program of visual classification by thghat have another galaxy within their segmentation aredsem
CANDELS team. Each classifier looked at four images of th&robably in an interacting state, but still show distinctisture,
galaxy — 2-orbit F160W and F125W images, as well as F606)Kely because the merger is still at an early stage. Thesitetw
and F850LP images from the GOODS-S v2.0 release — alogfindividual reliable classifiers may fiiér, but we average their
with its SExtractor segmentation map on the F160W mosaiav values leading to findlMs that could be intermediate to the
Several details regarding a galaxy’s visual shape, coiyma five principal assignments described above. The visual IM fo
metry, clumpiness and disturbance were noted in a systemafistant galaxies is most sensitive to major mergers, hesd
fashion using a GUI tool. A set of metrics were used to ord@ere the optical luminosity ratio of the componestsl, or,
the various classifications down to a final reduced set, mkiﬁjternativew, where the late-stage merger shows strangssif
into account the averaged reliability of classifiers. Moe¢adls  disturbance. Minor mergers will only be detectable amorgg th
about the plethora of visual classification outputs, theho@ol-  few big bright relatively local galaxies in the CANDELS fisld
ogy of classification and a discussion of classifier relisb@an none of which are considered in this work.

be found il Kartaltepe et al. (2014). To develop a sense of the level of disagreement in the visual
In this work, we rely on visual estimates of the degree afssessment of interaction acrog$atient classifiers, we consider
gross galaxy disturbance, using twdfdient benchmarks. Onethe scatter of M for all galaxies from CANDELB500DS-S
is the “interaction metric” (M), a general measure of the levelin the redshift interval ® < z < 2.5. For each galaxy witiN
of interaction or merging in a galaxy. The CANDELS visuatlassifications, we calculate the mean absolute value dithe
classification tool gives classifiers five choices for eachnex ference ofl M between theN(N — 1)/2 pairs of classifications.
ined object, along a sequence of increasing apparent defreSince the number of classifiers for a galaxy could be as low as
interaction. We assign a numerical value to each choicestwhiN = 4, this quantity is not necessarily a statistically acaurat
enables us to easily combine the outputs dfedent classifiers. uncertainty on the final metric, but considering a large nemb
Objects which are clearly undisturbed, with no obvious bgar of galaxies together, its distribution allows a simple meaf
neighbours and no signature of any interaction, are given #ue variation inl M. We show this distribution in the left panel
IM = 0. At the other extreme, objects witthM = 1 are in ob- of Figure[1, splitting galaxies into 4 bins of their final coiméd
vious late-stage mergers, with highly disturbed strugtstreng | M and considering four bins in the mean scatter. It is immedi-
asymmetries, much clumpiness, frequently showing tidiégd taately apparent that galaxies classified as undisturbedargly
andor double or multiple nucleilM = 0.25 denote objects in interacting have only a small scatter among classifiers -t mos
an apparent pair or multiple system separated by a few to selassifiers agree on the two extremes of the visual intenacti
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Fig. 2. A montage of randomly chosen inactive galaxies.&td z < 2.5 arranged in the fiducial bins of the visual Interaction Neetr
(IM). Each row of five galaxies are randomly selected fronoajects in one of the three bins in IM (see Secfion 2.1.2).dshéft
is written at the upper left of each panel and IM is writtenha bower left. All three color (iJH) images are 6” on a side anel
identically scaled with a sint} stretch.

sequence. Intermediate valuesI®fl are more uncertain. For cal values to these choices. Objects with smooth strucauie |
example, more than 40% of galaxies witl2® < IM < 0.5 ing any clumps are assign&M = 0. Those with one or two
have mean scatters that span across most of the IM sequeriamps (disregarding any central bulge) are assi@d= 0.5,
(0.50 <scattex 0.75). We are able to trust that a final classificawhile objects with three or more clear clumps are gi@én = 1.
tion for a galaxy as non-interacting represents a fair cosise Intermediate values come from averaging the decisions ¢f mu
among visual classifiers, but, if a galaxy shows signs ofate tiple reliable classifiers.
tion, there may be some uncertainty as to the degree. In the right panel of FigurEl1, we show the distributions of
For this reason, we hin galaxies by interaction class quitiee scatter irCM calculated in the same manner as as described
coarsely: @< IM <02,02<IM <05and 05 < IM < 1.0, abovefor M. The fidelity of the clumpiness measure of galaxies
which represent “isolated”, “interacting” and “mergindijects. is generally better than the interaction measure. Mossiflass
Figurel2 shows some examples of massive galaxiedbat £ < agree on whether a galaxy is smooth, but there is a small amoun
2.5: each row contains randomly chosen galaxies classified imff classifier scatter on the actual level of clumpiness iaxjab.
the three coarse bins listed above. Figure[3 shows some examples of massive galaxiedat & <
In addition tol M, we identify a refined subset of galaxie2.5: each row contains randomly chosen galaxies classified int
with interacting or merging activity, which comes from a comthree coarse bins in CM (0< CM <0.2,02<CM < 0.6 and
bination of visually identified features derived from theswal 0.6 <M < 1.0).
classification catalogs. It consists of galaxies expliciisted In addition to IM and CM, we also use flags set by visual
as visual mergers or direct interactions (disregardingtipial classifiers to exclude from our analysis sources with tresdoine
galaxy systems with no clear signs of interactions) by astledmage artifacts and, as needed, those with signs of visuat-po
60% of classifiers, or in which at least 60% of classifiers n@ource contamination.
ticed tidal tails or double nuclei. This multi-feature sabmay It is worth noting that the various measures of structureluse
exclude some very young stage or distant interactions wthere here are not independent of each other. Some dependeneies ar
galaxies have not yet been substantially disturbed, blitb@ib  physical: high Sérsic galaxies are generally massivigtiethl
cleaner distillation of actual systems in a broad array tdric- galaxies which tend to be smooth and, even if interactirgy, fr
tion states, lessfiected by scatter than thé/. quently show only weak signatures of obvious disturbancé su
We also employ a “clumpiness metric” (CM). CANDELSas tidal tails. Some dependencies are based on the sulijectiv
visual classifiers identified clumpy structure by examinimg of visual classification: if a galaxy is judged to be closeuggto
ages of galaxies across multiple bands and were given aehdi another in the HST images to satisfy a non-zero IM value, a
of three alternatives in the GUI. As féM, we assign numeri- disky/clumpy system frequently appears to be more visually dis-
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Fig. 3. A montage of randomly chosen inactive galaxies .&t4 z < 2.5 arranged in the fiducial bins of the visual Clumpiness
Metric (CM). Each row of five galaxies are randomly selectedif all objects in one of the three bins in CM (see Sediior?}. A
redshift is written at the upper left of each panel and IM igten at the lower left. All three color (iJH) images are 6" @side and
are identically scaled with a sinhstretch.

turbed and may be assigned a higher IM than a bhslgpoth the GOODS-N maps and probe further down the FIR luminosity
system, even if the clumpiness could be related more to thaection at all redshifts (Magnelli et al. 2012).

gas fraction or inflow history of the galaxy rather than its-cu  For practical purposes, we use the monochromatic luminos-
rent interacting state. For example, one of the high IM galaity of a galaxy at 60um rest (go) as a measure of its FIR
ies in Figure R is also found in the high CM row of Figlite 3juminosity. The PACS bands cover the rest-frameu@® over
When we compare distributions of individual structuralgraf  much of the redshift range probed in this work and we estimate
eters in course of this paper, the reader should keep in ming, from a simple log-linear interpolation of PACS measure-
that there may be covariances between the various distit®it ments in bands that bracket i in the rest-frame. The use of
Disentangling these dependencies is neither trivial naitféd, |4, obviates the need to apply an uncertain correction between
since the principal limitation in the determination of tdsnin  monochromatic and total FIR luminosities. As a rough guite f
this work stems from the modest size of the AGN sample.  the reader, a star-forming galaxy with an IR SED similar to2Vi8
with Lgo= 10 L, has a SFR of approximately 80Jr. The
exact transformation depends on the SED shape, the SFyhistor
of the galaxy and on many other factors relating to the digtri

Our far-infrared data are composed of maps a0 100um tion of dust and stars in a system.

and 160um from a combination of two large HerscfiRACS In cases where a medry, is desired for a sample con-
programs: the PACS Evolutionary Probe (PEP), a guarasisting of a mix of PACS detected and undetected sources, we
teed time program (Lutz etal. 2011) and the GOODS-HerscHellow a technique developed in earlier works from our team
key program [(Elbaz etal. 2011). The combined RBIP (Shao etal. 2010; Santini et/al. 2012) and briefly outlinecthe
(PERGOODS-Herschel) reductions are described in detail iWe bin sources in this study by redshift and structure. We em-
Magnelli et al. [(2012). While data at 100 and 18@ are avail- ploy fiducial redshift bins: & < z < 1.0, 10 < z < 1.5,

able in both fields, an additional deep map atuff) is also 15 < z < 20 and 20 < z < 2.5 (though, in some analyses,
available in GOODS-S. The PACS 160, 100 andun® fluxes we combine the last two redshift bins to improve statistiés)
were extracted using sources from archival deep SpitzerSMIRaction of sources in each bin are detected in two or morePAC
24 um catalogs as priors, following the method described andsLgg is calculated for these using their individual redshifts
Magnelli et al. [(2009); see also Lutz ef al. (2011) for more dand a log-linear interpolation of PACS fluxes. Of the remaini
tails. 3~ depths are 0.90.541.29 mJy at 700160 um in sources, some are detected in only one PACS band, while the
the central region of GOODS-S and 0/2®4 mJy at 10060 majority are undetected in the FIR data. For the latterkstac
um in GOODS-N. The GOODS-S maps are30% deeper than were performed at the optical positions of the sources onPAC

2.2. Herschel/PACS Imaging and Photometry
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Table 1. Total AGN/ Inactive sample sizes after the application dfatient selections

Selection 05<z<10 10<z<1l5 15<z<20 20<z<25
CANDELS/both fields+ M,> 10 M, (parent) 91 974 89/ 877 69/ 625 34/ 594
parent+ good GALFIT 87/919 82/ 841 60/ 570 22/ 460
CANDELS/GOODS-S+ M,> 10" M,, (parent) 52/ 320 46/ 362 39/211 20/ 246
parent+ visual classification 44293 39/ 332 33/198 17/ 229

residual maps in all available bands, from which mean fluxege will compare to the AGNs. In GOODS-S, we use the updated
were measured using PSF photometry. The stacked fluxes i6@ODS-MUSIC database (Santini et al. 2009; Grazianlet al.
band were averaged with the fluxes of sources only detecte@B06), while in GOODS-N we use a catalog developed for the
that band, weighting by the number of sources in each categd?EP team using a similar methodology (Berta &t al. 2010,[2011
This gives mean fluxes for the partially detected and untiedec The former catalog selects galaxies with observed magestind
AGNs in both bands, from which a me&gy was derived using the HST F850LP bané 26 or in the ISAACKs band< 235,
the median redshift of these sources. The fingk®duminosity while the latter is primarily selected to ha¥e < 24.2. In or-
in each bin was computed by averaging over the linear lunkinoder to exclude a surfeit of faint sources with inaccuratelg r
ties of detections and non-detections, weighted by the b colors and masses, we apply an additional cut of F850L2%
sources. This procedure was only performed for bins withemoin the GOODS-N catalog. For galaxies with no current spectro
than 3 sources in total. scopic redshifts, photometric redshifts were determingditb

Errors on the infrared luminosity are obtained by bootstrafing multiwavelength photometry using PEGASE 2.0 temlate
ping. A set of sources equal to the number of sources pétioc & Rocca-Volmerange 1997) in GOODS-S or using the
bin is randomly chosen 100 times among detections and n&AZY code (Brammer et al. 2008) in GOODS-N. For details on
detections (allowing repetitions), amgdo is computed per each the catalog preparation, characterization and photometd-
iteration. The standard deviation of the obtaihgglvalues gives shift estimation, we refer the reader/to Santini etlal. (3G09
the error on the average @@n luminosity in each bin. The error GOODS-S and Berta etlal. (2010) for GOODS-N.
bars thus account for both measurement errors and therscatte  \We have developed a custom technique to estimate the stel-
the population distribution. lar massesN,) in AGNs, by linearly combining galaxy pop-
ulation synthesis model templates and AGN SED templates to
. fit multiwavelength photometry. For inactive galaxies, wa-p
2:3. Chandra Deep Field (CDF) X-ray catalogs form a y? minimization ofl Bruzual & Charlot (2003) synthetic
Cospatial with the two GOODS survey fields (Giavalisco ét amodels, assuming a Salpeter Initial Mass Function (IMF) and
2004), the Chandra Deep Fields (CDFs) are the deepest perfgirameterizing the star formation histories as exponignta-
beam X-ray surveys in the sky. The 2 Msec exposure in the fglining functions. For AGNs, we also include an AGN template
CDF-North (CDF-N) has produced a point source catalog cofiomiSilva et al.[(2004), which accounts for a variable fiazof
sisting of 503 sources (Alexander el al. 2003), while in GGBOD the total light of the galaxy. The AGN template reflects thesel
South, the recent 4 Msec CDF-South (CDF-S) catalog congprisgfication of the X-ray source, derived from information abo
740 sources (Xue etlal. 2011). However, orlp0% of the full its SED and spectrum, where available. For sources clasifie
CDFs are imaged by CANDELS. Type | (broad lines in the spectrum, clear AGN contribution i

We have extensively characterized the data and catalogdha rest-frame optical and UV), an unobscured AGN SED was
both fields, in which careful associations have been made witsed. For the rest, a Type |l template was used if the estimate
optical and near-IR counterparts, using, where possibttags  X-ray absorption columhly < 107 cm?, and a Compton-thick
bilistic crossmatching models (Luo etlal. 201.0; Xue étal.P0 template for more heavily absorbed systems, though inipeact
In addition to the deep X-ray data, the wealth of deep speée choice of the latter two templates makes litti€etience. For
troscopy and multi-wavelength photometric data in the G@ODurther details of the method, performance evaluatiorsss tend
fields have enabled accurate spectroscopic or AGN-optimidiénitations, we refer the readerlto Santini et al. (2012).
photometric redshifts to be determined for the majority fed t While AGN are selected by their X-ray emission, we define
X-ray sources (e.g., Szokoly etlal. 2004; Luo et al. 2010)e¥/e our ‘inactive’ galaxy population as all galaxies that arelemn
timate absorption-corrected hard-band X-ray lumincsifle) tected in X-rays (excluding even those which havellggc 42
of sources with redshifts using spectral modeling techesquerg s') and SpitzefiRAC colors that are unlike those of bright
(Bauer et al. 2004). As a result of the small area and gre&GNs following the criteria of Donley et al. (2012). In pros,
depth of the CDF exposures, most X-ray sources are low anly a very small fraction of the general galaxy populatioa a
moderate luminosity AGNs — only 5% of the sources haverejected on the basis of these criteria, but they tend to k& ma
logLx(2-10 keV) > 44 erg st. These may be thought of as X-sive galaxies and could potentially sway the statisticsFof@m-
ray selected equivalents of the local Seyfert galaxy pdjfmra parisons among such systems by an inordinate degree. We also
In this work, we only consider sources with lbg > 42 erg impose a minimum mass dfl,.= 10'° M, on both AGNs and
s1, to prevent contamination from powerful starbursts, inahhi inactive galaxies. Very few AGNs in our redshift range of in-
emission from high-mass X-ray binaries can potentiallyroveterest lie at lower masses and the GOODS galaxy catalogs be-
power the emission from nuclear activity. come increasingly incomplete below this mass limizat 2
(Santini et al. 2012).

Galaxies from the multiwavelength catalogs were matched
to Herschel sources through the positions of theu@4priors,
We employ multiwavelength galaxy catalogs in both GOOD®hich are, in turn, tied to IRAC catalogs in the GOODS fields
fields to define a general galaxy sample, the properties aftwhiiMagnelli et al. 2009). Therefore, the cross-matchingrtolees

2.4. Multi-wavelength photometry and stellar masses
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Fig.4. Top panels: Physical half-light semi-major axis radii plotted agaistllar massVl. for AGNs (large red points), inactive
control galaxies (large black points) and the overall galpapulation (small grey points), in four distinct redsHhifhs. Samples
from both GOODS fields are combined and one hundred contngbadraws are used in all panels of this Figure. The linekén t
upper panels show parameterisations of galaxy size-mbg®reships across redshift fram van der Wel etlal. (2014§herd lines
for late-type galaxies and solid lines for early type gataxiVertical histograms compare the size distributionfiefAGNs (red
lines) and the inactive contrdWiddle panels: Sérsic indexn plotted against stellar mass, for AGNs (large red points), inactive
control galaxies (large black points) and the overall galpapulation (small grey points), in four distinct redstifhs. Samples
from both GOODS fields are combined here. Vertical histogranmmpare the size distributions of the AGNs (red lines) émed t
inactive control. In each panel in both rows, the Kolmoge8mirndt (KS) probability Pxs) that the vertical distributions come
from the same parent sample is shown in the upper left coBattom panels: A comparison of theM. distributions of AGNs
(red histograms), the inactive control sample (black lgitms) and the overall galaxy population (grey filled histmgs). The
importance of stellar mass-matching in constructing ah@dimparison sample is clear, and the performance of our-masshing
procedure may be appreciated at a glance.

are~ 1". The rate of spurious crossmatches-i8%, estimated 2.4.1. Bootstrapped stellar mass-matched control samples

from the asymptotic behaviour of the cross-matdfsets be-

tween the IRAC catalog and the CANDELS H-band catalog iModerately luminous AGNs are inherently rare among gataxie

GOODS-S. In the small fields considered in our study, only few to selvera
tens of AGNs that satisfy our the minimum criteria for a valid
structural measurement may be found in each redshift brecDi
constraints on the relationships between SFR, redshifsand-
ture based solely on the AGNs themselves are severely imite

In Table[1, we list the numbers of AGNs and inactive gala2y Small number statistics.
ies from the parent samples — sources that lie in the oveflap o On the other hand, the inactive galaxy population far out-
the CANDELS imaging and HerschBACS maps, additionally number X-ray selected AGNSs in both fields and at all redshifts
restricted by the footprint of the CDFs (for AGNs) or the mulWe take advantage of this by creating multiple control saspl
tiwavelength catalogs (for the inactive galaxies). Aloriwhe of inactive galaxies matched to the AGNs using Monte-Carlo
parent sample numbers, we also list numbers of AGNs and bootstrap techniques, from which we constrain the measure-
active galaxies that satisfy our criteria for good GALFITane ments and distributions of structural and SF propertiesmgr
surements (in both GOODS fields) and good visual structure esously, as well as account for the uncertainties arisingifthe
timates (in GOODS-S only). small sample size of the AGNs and complex scatter associated
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Fig. 5. Distributions of the light profile parameters from GALFITsfitor AGNs and inactive control galaxies. The three rows of
panels show histograms in Seérsic indey, €llipse axis ratio @) and physical semi-major axis radiuRe) from top to bottom
respectively. Panels left to right span four distinct bimgadshift. Samples from both GOODS fields are combined. tha@s
of a mass-matched control sample are analysed to deterhenie-t20- scatter in the distributions of the parameters for inactive
galaxies, shown as datight grey zones in the histograms. Red open histograms #feywarameter distributions for the AGNs.

with the structural measurements. The observed measutemearactive galaxies, allowing for duplications. This yiel@single
and distributions shown by the AGNs may then be compareddet of inactive control galaxies of the same number as the A\GN
those of the control samples. Since the uncertainties ifatter  sharing their stellar mass distribution within the matchtol-
are also estimated, we can ascertain whether or not thevaoselerance. We repeat this process hundreds of times to getmulti
AGNs are consistent with being drawn from the inactive galaxple independent control samples. These are used to deteamin
population. “statistical distribution” of any parameter of interestiieh en-

We match galaxies to AGNs on the basis of stellar maszspsulates both the mean distribution and the statistedies in
All AGNs and inactive galaxies in each of the fiducial redshithe distribution coming from real and sampling varianceathb
bins are further binned into narrow mass intervalsAbf.= 0.2 the inactive galaxy population and the measurements ofdhe p
dex forM,< 10**° M, andAM, = 0.5 dex forM,> 10'*®> M,. rameter itself. We then evaluate whether the distributibthe
The increase of the matching tolerance at Highis due to the parameter for the AGNs is consistent with arising as a single
paucity of high mass galaxies, as well as the high AGN incitraw of the control sample. In this sense, the approach tieken
dence at these masses, which reduces the pool of contral gathis work is purely comparative and no attempt is made toszbrr
ies substantially. For each AGN in a redshift and mass bin, wee distributions for incompleteness or biases associgitadhe
randomly choose one counterpart from the correspondingfsephotometric cuts and the quality cuts applied for strudtonea-
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surements. Since both AGNs and galaxies are tied to the sal886;/ Mo et all 1998; Naab etlal. 2009). Galaxies with: 1
multi-wavelength catalogs, the same biases are expectguttohave primarily exponential light profiles and are likely te b
ply to both populations. disk-dominated. Since disks are dynamically colder system
Throughout the rest of this paper, we will use the term “inwith substantial rotation, low Sérsic galaxies are uryilte have
active galaxies” to specifically denote the population ofsie suffered a violent event within several dynamical times of our
galaxies without detectable nuclear activity with a stefteass view of them. On the other hand, galaxies with= 4 are clas-
distribution matching those of the AGNSs, i.e., the stellarsst sical spheroids, which are dynamically hot and have low-rota
matched control samples described above. tion. This suggests that their most critical recent evohéiry
event was violent enough to redistribute any cold companent
that may have existed in the progenitors of these galaxtas, T
3. Setting the stage: Structural patterns for AGNs and the relative importance of minor mergers and recentgras a
and inactive galaxies cretion, play arole in the interpretation of théfdrent size-mass
o _ . relationships shown by low and high Sérsic galaxies. Sane c
We start by highlighting a few important structural relasips pjexity to this picture comes from suggestions that modestis

inherent for galaxies, as uncovered by our morphological-mengices could be achieved by disk-dominated galaxies ihidje
surements. These serve as context for understandiiegefices edshift Universe (e.§. van der Wel etlal. 2011).

between AGNs and inactive galaxies in terms of their refatio

ships between SF and galaxy structure. In the middle panels of Figurel 4, we plotvs. M, for

galaxies and AGNs for the two GOODS fields combined. At
M,< 10'° M, (with possibly some dierences over redshift),
3.1. Size-mass relationship the vast majority of galaxies have low Sérsic indices ef 2.5.

_ _ _ TowardsM,> 10'° M, the typical Sérsic index of galaxies in-
Galaxies show a clear trend towards larger sizes at higher streases considerably, reflecting the increased spheria-
lar mass, a relationship that is discerniblezte 2. We consider nance of high mass galaxies seen both in the local and distant
the size-mass relationship in the upper panels of Figurddrev ypjverse (e.g. Buitrago etldl. 2013). There is clear change
we plot H-band half-light radiRe vs. M. for galaxies and AGNS the fraction of highn galaxies with redshift over the range we
combining the two GOODS fields. As a guide to the eye, |'n%§udy here. At & < z < 1.0 andM,> 10'° Mo, 35% of galax-
are used to illustrate the typical size-mass relationshoipstar- jes haven > 2.5, which changes to 18% among equally massive

forming galaxies and quiescent galaxies as recently detetn gajaxies at D < z < 2.5. This is a well-established result in the

Since current star-formation is correlated with the ligtass
profile of galaxies, early- and late-type galaxy populadiasith
d|ﬁer_en_t Sersic indices are a!so dferentlat_ed by their char- tributions visually using vertical histograms in each gaared
acteristic size-mass relationships. Higlgalaxies show a much

steeper relationship between size and mass and are nergagflytica"y with two-sided KS tests. A< 1.5, AGNs and in-
p p DE .© 9% ive galaxies have statistically indistinguishabldrihstions.
smaller than lown galaxies at the samd... In addition, the size-

; : . ; However, at higher redshifts, AGNs show a significant sudgi
mass relatl_(_)nshlp of h'gt‘ galaxies evolves more strongly t.ohigh Sérsic systems. In the next subsection, we examindifthe
?er:enzc:é:c,rrggltlv(\)/:ér?lt‘hzeggar’elza(t)ticgﬁs%irugeaﬁ:jcgh ezi?leahﬂ;ed'fi‘erences between AGNs and inactive galaxies more carefully
. ) nship 'UtErep gain some insight into the causes for these obsenféeteinces.
important constraints on the buildup of stellar mass inxja&a

fromz = 2.

The AGNs and 100 sets of mass-matched control galaxi¢s. | ight profile parameter distributions
are shown in this diagram as larger red and black points cespe
tively. For the most part, AGNs occupy the same range and scahe large number of inactive galaxies from the parent cg&lo
ter in size as shown by inactive galaxies of the same steli@sm enables the construction of statistical distribution0R. and
This is shown more clearly through the vertical histograms dhe ellipse axis ratiay for the mass-matched inactive control
the side of each panel, which compare the size distributtdnssample, combining both GOODS fields to maximise the sam-
the AGNs and the control galaxies. The similarity of theritisi  ple size and minimize cosmic variance. In Figlte 5, each row
tions is measured using a two-sided Kolmogorov-SnfirlS)  shows histogram distributions for afidirent light profile param-
test and the probability that the two distributions are drénem eter output by GALFIT. In each panel, the déight grey regions
the same parent populatiofs) is listed in the upper left corner show, for each histogram bin, the-2o range in the number of
of each panel. We see some systematic variation in thevelatinactive galaxies in that bin, determined from 1000 cordgeoh-
size distributions with redshift. The KS tests suggesttiiatwo ple draws. The distribution for the AGNs are shown as red open
distributions are very consistent betweers 1 toz = 2.5, but histograms. If the AGN histogram lies within the dark grey re
differs in the lowest. At ® < z < 1.0, AGN hosts are larger gions, their distributions are completely consistent wlithse of
than the control sample. However, a detailed look in Se@i8n inactive galaxies within 1 standard deviation.
suggests only minor fierences, which may be driven by cosmic By and large, the distributions of all the structural parsere
variance. among AGNs are not radically dissimilar from the control sam
ple across all redshifts. Closer scrutiny suggests sonteragsic
differences. The distributions of Sérsic index of the AGNs, are
broadly consistent with those of the control galaxieg at 1.5
The presence of two size-mass relationships among galesxiebut deviate significantly towards highaerat z > 1.5. At these
related to diferences in their light profiles, as parameterised byigh redshifts, the shapes of the AGNs are a bit rounder, with
the Seérsic indexr() (Truiillo et al||l2006) This is believed to be a g distribution skewed slightly towards higher values thaa th
driven by their dfferent dynamical evolution (e.g. Baugh et alinactive galaxies. AGNSs also tend to be a bit larger thantinac

As before, we show the AGNs and control galaxies using
larger red and black points, and compare their Sérsic iddex

3.2. Sérsic index—mass relationship

10
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Fig.6. GALFIT-derived Sérsic index vs. absorption-correctet®keV X-ray luminosity of AGNs from both Chandra Deep Fields
combined (white circle points). The contours show the degradi points from 1000 draws of a mass-matched control sarople
inactive galaxies. To place the control galaxies on thig pie X-ray luminosity assigned to each control galaxy & tf the AGN

to which itis matched, producing, irffect, a large “simulated AGN” sample with the same mass andy{uminosity distributions
as the real AGNs. The four contour levels encompass 90%, 36%,and 25% of the simulated AGNSs in this plane.

Sérsic index distribution of the AGNs has a roughly fixed me-
dian value ofx 2.7, while that of the inactive galaxies ranges
from~ 30at05 <z < 10tor 15at20 < z< 25.1In
parallel, inactive galaxies also become more elongatedneo$
the increased prominence of massive disks with redshiftN&G
however, remain rounder, with only a slight shift towardsreno
elongated profiles between the low and high redshift bin. The
median sizes of the control galaxies increases slightli vat-
shift, while those of the AGNs decreases slightly with refish
Taken together, these systematics can be attributed to two
possible &ects. A small amount of point source contamination
= from the nucleus may betacting AGN light profiles, mostly in
2000 4000 6000 8000  the high redshift bin where the AGNs are more luminous and
Wavelength (A) the H-band traces the rest-frame B and V bands (4400-6000 A).
Alternatively, there may be a preference for AGNs to be found
Fig.8. A comparison of a typical galaxy spectrum (red solith more bulge-dominated hosts, as suggested by earliealvisu
line) and AGN spectra with dlierent levels of extinction (blue classification studies (Kocevski etlal. 2012). Boffeets lead to
lines). The base galaxy spectrum is the ‘Sa’ template froen th greater concentration of light coming from the centralarg
SWIRE library (Polletta et al._2007) scaled to correspond tsf the galaxy, resulting in the smallfirences in light profile
H = 24 magnitude if placed a = 2. The base AGN spec- structure we observe.
trum (blue solid line) is stitched together from compositdio-
quiet QSO spectra in the UV from_Telfer et al. (2002) and the , . ,
optical from|Vanden Berk et [ (2001), scaled to correspori3-1- Possible origins of the central light excess

to Lx= 10%° erg s* using opticalX-ray relation defined by an AGN canbe a profuse source of energy emitting across most
Lusso et al.[(2010); the error bars show the expected saatteyayelengths. Unextinguished UV-to-optical continuum emi
the relation. The blue dashed lines show tifeas of Calzetti- sjon from a nucleus originates from the hot accretion diskian
law extinction on the base AGN spectrum with E(B-V) as indigery plue, rising in flux rapidly at shorter wavelengths toss
cated on the right below the corresponding extinguished-spg pytative peak in the extreme UV. On this continuum may be
trum. The approximate position of the observed F850LP (d) agyperimposed emission lines from the various AGN-ionized r
F160W (H) bands ar = 2, relevant for the interpretation of 4ions. Regarding itsféect on the appearance of galaxy structure,
Figure®, are shown as grey bands. unextinguished AGN appear as nuclear point sources witl blu
colors. However, dust along the line of sight to the nuclers c
redden the point source, making it harder to distinguishresga
galaxies at ®b < z < 1.0 and a bit smaller than inactive galaxieshe light from the bulge of the host galaxy.
atl5<z<25. The influence of strong AGN point sources on galaxy struc-
An interesting trend to note is that the light profile distritural measurements can be quite profound. Even point source
butions of AGNs change very little across redshift, unlikatt fractions as low as a few tens of percent can lead to appre-
of the inactive galaxies. Between = 0.5 andz = 2.5, the ciably bulgier, rounder and more centrally concentratdce
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o
o
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Fig. 7. Distributions of the Sérsic index) from GALFIT fits for AGNs and inactive control galaxies in &HST bands: the
ACS/F850LP band (bottom panels) and the WHAEIB0W band (top panels). Panels left to right span threedidtins in redshift.
Only the subset of sources contained in the FIREWORKS agtafe here. 1000 draws of a mass-matched control sample are
analysed to determine the-R2o- scatter in then distributions for inactive galaxies, shown as dhgkt grey zones in the histograms.
Red open histograms show the parameter distributions &0A@NSs. Sérsic indices are typically lower in the bluer ABB®and.
Especially at 15 < z < 2.5, then histograms of the AGNs are more consistent with those ofrthetive galaxies from the F850LP
fits.

tive light profiles [(Pierce et al. 20110). It is worth notindygn ponent fits are subtracting away the light of a central bulge a
the nuclear luminosities of the AGNs in the GOODS fieldwell. This is not unreasonable given the similar sizes ofésl
(as estimated from their X-ray emission), only a small fict and WFC3F160W PSFs at ~ 2 (e.g/Bruce et al. 2012). An
should be powerful enough to severely contaminate theit h@curate treatment of the influence of AGN nuclear emisgen r
galaxy light, even if unextinguished by dust (see the Appendquires multi-component fits, as well as careful simulatioith
of[Rosario et al/(2013a) for a discussion). Earlier GALAdds the addition of fake point sources to real images of massive i
ies have revealed frequent red nuclear excesses among AGNzctive galaxies in order to understand the systematicseémhen
the GOODS field (Simmons et/al. 2011; inski 011he consideration of a second structural component in GALFI
attributable to obscured AGN point sources. These sounges @his will be pursued in future work built upon this study. We
generally much fainter than their hosts and would not stiyongcan, nonetheless, perform some simple tests for the imupeta
alter their measured structure. However, pervasive wealeau of strong blue excesses to the light profiles of AGNSs.
excesses among AGNs could explain some of the mild system- |, £iqurel®, we plot the Sérsic indices of AGNs against their
atic trends we find in the light profile parameter distribosaf absorption-corrected 2-10 keV X-ray luminosity, combining
AGN hosts. the samples from both GOODS fields. The underlying contours
In Appendix A, we undertake a brief study of the evidencghow the distribution in this plane of 1000 draws of a mass-
for nuclear contamination of the light profiles of AGNs & X  matched control sample of inactive galaxies. To be plac#uisn
z < 2.5. We fit AGNs and mass-matched inactive galaxies ubigure, each control galaxy is assigned the X-ray luminasit
ing a combination of a Sérsic galaxy model and a central P$fre AGN to which it is matched, generating, iffest, a large
The inclusion of a point source in the GALFIT fits leads tdsimulated AGN” sample. If the light profiles of AGNs were
a lower dfective Sérsic index distribution for the AGN hostsndependent of nuclear luminosity and identical to thosenef
(Figure[A]), but it also systematically lowers th@egtive in- active galaxies, they are expected to scatter in this plarlee
dices for inactive galaxies. As strong nuclear emissiomt®er- same fashion as the control sample. This is the case:dt. At
pected in the latter population, we conclude that such two-cohigher redshifts, there is a definite tendency for the momg-lu
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nous AGNSs to occur in systems with highenn particular, one

may note that AGN hosts with> 4, which may be seen at< 1 0.3f '
acrossLx, are more common in sources witly> 10* erg s . o :
in the two higher redshift samples. This Figure seems toestgg b f f f
that the more luminous AGN hostsat 1.5 are associated with
high Sérsic systems, perhaps due to higher levels of AGN con
tamination, or because such luminous AGNs are prefergntial
found in hosts with larger spheroids. A similar result wasrfd

in the visual study of X-ray AGN hosts in CANDESOODS-

S by Kocevski et all (2012).

We perform another simple test of these alternatives by em- 3 ; ; ; ;
ploying GALFIT fits of the same galaxies in a bluer band. Ifélu 0.0F ,
nuclear contamination is the reason for the systematicationi 0.5 1.0 1.5 2.0 2.5
of nin AGN hosts atz > 2, and assuming that AGN spectra Redshift
do not change systematically with redshift, then we shoeddas
gualitatively similar deviation at.6 < z < 1.0 when we examine Fig.10. Comparison of the observed fractions of AGNs (red
n distributions from F850LP (z-band) fits, since this bandésa points) and inactive galaxies (black points) that are diass
the rest-frame B-band for these galaxies. In addition, #é-d as interactingmerging using the multi-feature approach, in the
ation should be much more pronounced for the higher redstilitee fiducial redshift bins (edges shown with dotted lin€ke
systems where F850LP traces rest-frame UV light. inactive galaxy fraction is the median value from 1000 draws

In FigurelT, we plot the distributions of galaxies and AGNs of a mass-matched control sample to the AGNSs in that redshift
in the GOODS-AIREWORKS catalog, for which consistentbin, while the error bars show therlscatter from those draws.
fits using the same setup are available in both H- and z-baridwerefore, the AGNs have an enhancement in the observed in-
(see Section 2.1.1). A quick inspection of the top row of fgneteraction fraction over inactive galaxieszak 1 (by = 20), but
in this Figure and in Figurgl 5 will show that the basic H-band are comparable to inactive galaxiezat 2.
distributions and trends are qualitatively preserved ivbiebne
is considering the complete AGN sample or just this subset in ) ] o i
GOODS-S. Comparing the two rows of panels in Fiddre 7, wown with dashed lines. An extinction law from (Calzettabt
see that, while the overall distributions for both AGNs and< 1994) was assumed, but the conclusions are not stronglhynelepe
trol are slightly diskier in the z-band, the AGNs do not shoent on this choice, or on the choice of the galaxy template us
more concentrated light profiles in these bands, as one wolfldhis exercise. ) ] o
have expected from prominent blue central point sources. In An X-ray AGN atz = 2 with the typical luminosity of those
particular, the AGNs appear to be diskier than the control # our sample can produce roughly as much light at 5000 A
0.5 < z< 1.0, not bulgier. Also both AGNs and inactive galaxie@s a galaxy at the faint limit considered in this structutatiy
show strongly disky light profiles @ > 1.5, arguably closer to (H = 24). However, even modest amounts of extinction quickly
that of the control in the rest-frame UV (z-band) than in testr weaken the relative blue light of such an AGN, leaving théatlig
frame optical (H-band). The greater similarity of the AGNdanfrom the host galaxy dominant. For an AGN to simultaneously
control z-bandh distributions at > 1.5 suggests that the exces@ccount for more than 10% of the total light of a system yet
lightin the AGN hosts is at least as red or redder than theajpi be as red as a galaxy spectrum, it would have to be consider-
colour of the control galaxies, since it only becomes pramtn ably more luminous thahx= 10* erg s*, and only a hand-
at optical wavelengths. Therefore, if nuclear light is thajon ful of such sources are found in our AGN sample. This analysis
source of the central excess, it must be reddened consigeratoes not preclude that these rather low luminosity systemilsic
by dust along the line-of-sight to the nucleus. Howeves till have a much lower X-rgpptical luminosity ratio ¢ox) than cal-
also act to preferentially extinguish the light from the lews, ibrations based on bright QSOs (Vignali et al. 2003; Lussa et
decreasing the contrast of nuclear emission with respeitteto '2010) or a much redder intrinsic spectrum than those of QSOs,
host galaxy. such as those used to construct the template shown in Figure

We explore the consistency of the notion that wide-spre&l Most studies, however, find a highesx in low-luminosity
reddened AGN light can influence the centres of the more IAGN (e.g./Stéen et all 2006).
minous host galaxies @& ~ 2 using Figurd, in which we All together, these tests lend some support to the notian tha
contrast a typical galaxy spectrum to AGN spectra with varjtigh redshift AGNs have a more prominent bulge than equally
ing degrees of extinction. The galaxy template shown in ti@assive inactive galaxies, and that the more luminous AG#ls a
Figure is a typical ‘Sa’ galaxy spectral type from the svvmgmong_the bulgiest. We develop the implications of thesaltes
template library[(Polletta et Al. 2007), normalised to aihws- in Section 5.
ity at z = 2 that corresponds to an observed frame magnitude of
H = 24. The AGN spectrum comes from a composite AB8T S ; ;
spectrum of radio-quiet QSOs (Telfer etlal. 2002) stitclted t 3.4. Distributions of the Interaction Metric
composite optical spectrum from the Sloan Digital Sky SyrveA comparison of the distributions of the visual interactioet-
(Vanden Berk et al. 2001) (the tabulated spectrum is aVeikb ric (IM) allows us to quantify the fraction of AGNs in interac
httpy/www.pha.jhu.edi-rt19compositd. Since it is empirical, ing or merging systems relative to inactive galaxies andoegp
this base spectrum already includes a mild degree of eidinct the relationship between galaxy interactions and the érigg
The QSO spectrum is normalised to the characteristic lusitipno of nuclear activity. In Figur€l9, we plot the statistical tdisu-
of an AGN with Ly= 10*° erg s!, using the X-ray to optical tions of IM for inactive galaxies, divided coarsely into tineee
relation for Type 1 AGNs from (Lusso etlal. 2010) fidrent lev- bins delineating “isolated”, “interacting” and “mergingystems
els of extinction applied to the AGN spectrum yield the spect(Section 2.1.2). The histograms come from 1000 draws of mass

# Interactions / Total
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Fig. 9. Distributions of the visual Interaction Metric (IM) for AGNand inactive control galaxies. Panels left to right spaeeth
distinct bins in redshift. 1000 draws of a mass-matchedrobsample are analysed to determine tlg2b- scatter in the IM

distributions for inactive galaxies, shown as dhgkt grey zones in the histograms. Red open histograms shevparameter
distributions for the AGNSs. Interacting and merging systesme a minor fraction of galaxies and AGNs at all redshiftGNs

are generally equally likely to be in an interacting hostraactive galaxies, though a small excess of AGNs in mergesshea
discernible at low redshifts.

05<z< 1.0

.30-

1.0<z2< 1.5 1.5<2< 25

# per bin
S—=S3d009

0.0 0.4 0.8 0.0 0.4 0.8 0.0 0.4 0.8
Clumpiness metric

Fig. 11. Distributions of the visual Clumpiness Metric (CM) for AGMad inactive control galaxies. Panels left to right spaaehr
distinct bins in redshift. 1000 draws of a mass-matchedrobsample are analysed to determine the2b- scatter in the CM
distributions for inactive galaxies, shown as ¢hgkt grey zones in the histograms. Red open histograms shevparameter
distributions for the AGNs. Visually clumpy systems are aanifraction of galaxies and AGNSs at all redshifts. A& z < 1.0,
AGNs are significantly more likely to be in clumpy galaxiey. BS < z < 2.5, the CM distributions are similar.

matched control samples in GOODS-S. These may be compabeations of AGNs and inactive galaxies are consistent withe
to the IM distributions of the CDF-S AGNSs (red histograms) iscatter.
the three fiducial redshift bins. Another approach to test the relevance of mergers is to con-
A key point to notice is that the majority of sources througtsider the fraction of AGNs and inactive galaxies in the "rault
out the redshift range.B — 2.5 lie in “isolated” systems, with feature” subset of mergirigteracting galaxies, described in
IM= [0.0,0.2]. The fraction of galaxies classified as “interactSection 2.1.2. In Figure_10, we plot as black points the me-
ing” or “merging” (IM= [0.2, 1.0]) appears to evolve with red- dian fractions of the mass-matched inactive control sarfnpte
shift (from 18% at b < z < 1.0to 30% at 15 < z < 2.5, 1000 draws in each of the three redshift bins. The errorseseth
estimated directly from the control samples). However,@ed fractions represent the scatter among inactive galaxigs the
before, morphological K-corrections makes such evolugion draws. The observed fraction of interactions among the AGNs
tentially hard to interpret. are shown as red points, and may be compared to the median
From Figurd®, we find a significantffitrence in the inter- and scatter of the interaction fractions among inactivaxjak.
action properties of AGNs and inactive galaxies onlgat 1. In parallel to what we find in the IM distributions, the AGNs
In the low redshift bin, there is an excess of “merging” syste show a significant excess of interacting systemz at 1, but
among AGNSs (severat) at the expense of a smaller number oére consistent within the scatter with the interactiontfoarcs of
isolated systems. In both the higher redshift bins, the IMrdi inactive galaxies a ~ 2.
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Linear mean of SFR distribution
= PACS stack
Y
Mean of Mean of
FIR non-detections [ J * FIR detections

N

in Figurel9 are also reflected in CM. A z < 1.0, AGNs are
more likely to be found in clumpy galaxies, at a significante o
several times the scatter. At these redshifts, we estinmatgrgy
fraction among AGNs of 39%. By 15 < z < 2.5, the fraction

of clumpy AGNSs drops to 28%, though it is formally consis-
\ tent with the clumpy fraction of AGNs all redshifts. Thisétan
Star- is comparable to the clumpy fraction of inactive galaxiethat
Forming same redshifts, and an examination of the right panel inrgigu
[T also shows that AGNs and inactive galaxies have similar CM
\ distributions at higher z. This may be contrasted with theginer
\ different distributions at low redshift. Broadly, there apgear
be a preference for the clumpy fraction of AGNs to change less
slowly with redshift, akin to their light profile parameteistti-
butions. This implies that the characteristic structureAGN

Fig.12. An illustration useful for understanding Figuieg L3] 14{;25;55ma?1yd;e218 Ig approximately invariant with redshifuiesin

[I5. The solid curve shows a qualitative schematic SFR distri
bution of a population of galaxies, for example, massivexal

ies atz ~ 2 where SF galaxies outnumber the quiescent POR- SER
ulation. It is assumed that the;o distribution is identical and ™
tracks the SFR. The measuralile, (or SFR) distribution of Valuable insight into the scenarios that link AGN fuelingdan
galaxies individually detected in the Hersgf8CS maps is host galaxy properties comes from combining informatiooLeab
shown as a representative grey histogram. At these reslshi§FR and host structure. In this section, we explore these re-
the PER-GOODS-Herschel PACS catalogs are sensitive to FiRtionships using the deep HersgfRCS FIR data in the two
luminosities that trace just deeper than the ridgeline ef3f GOODS fields. We employ two main types of measurements in
Sequence (e.g. Rosario eflal. 2013b), but the completentiss othis analysis. Firstly, we use mean FIR luminosities of AGNs
catalogs at this limit is lows 30%) leading to a shallow cufidn  and inactive control galaxies. These are estimated dyréctin

the histogram at the faint end. The meag of the entire popula- PACS fluxes for the subset of sources detected in the PACS
tion comes from stacks into the PACS maps (see Section 22) afaps, and from stacks on the residual maps for the PACS-
is shown as a dashed vertical line. Since stacking is a plirely undetected sources (Section 2.2). Secondly, we employlte F
ear process, the mean is shifted towards the star-formidgren detection fraction, defined as the fraction of sources tetiec
this diagram. Additionally, the medry, of both PACS detected in both the 100 and 16@m PACS maps. The PEREOODS-

and undetected galaxies can be determined, shown as adtargérschel photometry detects massive galaxies that lie on or
circle point as in the later Figures. The schematic alsoalevejust below the SF sequence out o= 2.5 (Rosario etal.
how the fraction of galaxies that are FIR-detected is closel [2013b] Magnelli et d[. 2013). Therefore, the FIR detectiauf
lated to_the fraction of moderate and strongly SF galaxi¢kén tion among a certain population of galaxies is a measure of
population. the fraction of moderate and strongly star-forming galsuiie
that population. In absolute terms, this measure is seasiti
to the depth and completeness of the PACS catalogs, and the
redshift-dependent FIR luminosity function. We only uskedte

A measure of the level of disturbance in a galaxy is the clump#S comparative tool to understandferences between AGNs

ness metric (CM), which is based on the visual prominené@d inactive galaxies, and speC|f|caIIy warn against the-ove

of clumps in galaxies. Galaxy simulations suggest that titerpretation of any trends with redshift.

torques driven by large clumps can increase the inflow of gas

onto SMBHSs, triggering AGN activityl (Bournaud et al. 2011, ; Arcin i

Gabor & Bournaud 2013). X-ray stacking studies of clump?/'l' SFR as a function of Sérsic index

galaxies az ~ 1 support this theoretical insight (Bournaud et aln Figure[IB, we compare, in the upper row of panels, the mean

2012). Leo of AGNs (red points) and mass-matched control galaxies
From 1000 draws of mass-matched control samples, we d@elack points) in bins of redshift and Sérsic indexThe er-

termine the statistical distributions of CM for inactivel@ées rors on the meaihg, for AGNs come from a bootstrap resam-

in our fiducial redshift bins, as shown in Figurel 11. There isgling of the AGN sample itself (Section 2.2), while the esron

sharp dropfi in the distribution with CM; most galaxies onlythe mearLgg for the inactive galaxies are determined from 100

show low levels of visual clumpiness. The fraction of clumpdraws of mass-matched controls.

systems (defined here as CMO0.2) increases mildly with red-  For the control sample, we find a clear and consistent drop in

shift from 25% at (6 < z < 1.0 to 32% 15 < z < 2.5. This the mearlgo with nin the low and intermediate redshift bins, al-

is expected given the current understanding of galaxy evoltiough the trend appears to flatten out.atd z < 2.5. Thisis as

tion where more turbulent high redshift galaxies contairrénoexpected - most of the SF in the local Universe and at higher re

clumpy disks. However, since the bluest band (F606W) useHifts is associated with galaxies having substantialsdigkg.

for the visual assessment of clumpiness changes fromnarsef [Kauffmann et all 2003; Wuyts etlal. 2011; Lee efal. 2013), al-

~ 35004 in the low redshift bin te- 2000A in the high redshift though atz ~ 2, a sizeable population of blue star-forming com-

bin, a morphological k-correction could also play some iinle pact spheroidsis also found (Barro el al. 2013). In conteetste

this apparent evolution. inactive galaxies, the AGNs show a much flatter dependence of
The distribution of clumpiness in AGNs is overplotted in theneanLg with n, such that low Sérsic galaxies and AGNs have

Figure as a red solid line. In many ways, the trends found in Isbmparable FIR luminosities, but, especiallyzak 1.5, high

Quiescent

Quenching

Histogram of
PACS detections

log SFR —>

PACS incompleteness

—structure relationships

3.5. Distributions of Clumpiness Metric
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Sérsic AGNs are significantly more luminous than high Bérs0.0 <IM< 0.2 (isolated galaxies) and®D<IM < 1.0 (all interact-
galaxies. In essence, this means that the enhancement im meg and merging systems forigient statistics). Thég distri-
SFR among AGNSs is more pronounced in bulgy or early-tygritions of PACS-detected AGNs are generally indistingatdé
galaxies. from those of the control sample, except among isolatedkgala

In the lower panels, we compare theg, distributions of ies at high redshift, where the AGNs show a slightly lowec{ra
AGNs and inactive galaxies, splitting them by redshift antion of FIR bright systems. The medn values (star points)
coarse bins in Sérsic index:30< n < 2.5 cover disk-like ex- are consistent with the visual appearance of the distobstand
ponential light profiles, while 3 < n < 5.5 include bulge-like also indicate the significance of the low mdaj among AGNs
De Vaucouleurs profiles. The histograms showlthgdistribu- detected by PACS at3 < z< 2.5.
tions of PACS-detected sources. As before, the fight grey PACS-undetected AGNs and inactive galaxies also have
shaded regions show the-Po- scatter of the mass-matched coneomparable mean FIR luminosities. From the detection rates
trol sample, and the AGNSs are represented by colored open liemparison in the inset panels, the general detection rfate o
tograms. The meakg of the PACS-detected objects are showAGNs is significantly higher than that of inactive galaxiesmsng
as star points, where error bars represent one standawtidevi both isolated and interacting systems. However, thizidince
in the mearLgg of the control sample. Theg distributions of in detection rates between AGNs and inactive galaxies is not
PACS-detected AGNs are statistically very similar to thaidhe clearly dependent on the IM of the hosts, suggesting that sta
control sample, except among isolated galaxies at highittds bursts and nuclear activity are not any more coevally cotetec
where the AGNs show a slightly lower fraction of FIR brighin mergers than in isolated galaxies.
systems.

We also compare the meag, of PACS-undetected sources . . )
based on stacks, which are shown in Figure 13 as large cirdtg: SFR as a function of Clumpiness Metric
points. Again, where measurable, the AGNs have comparaiie have shown in Section 3.5 that AGNs are more likely to be
mean FIR luminosities to the inactive galaxies, except&ldw in clumpy galaxies, at least at < 1.5. In Figure[Ih, we ex-
redshift bin, where they appear to be more luminous by a fastore trends between FIR luminosity and the visual clumgsne
tor of a few. Finally, we show the PACS detection fraction off galaxies. As before, we look first at the meagy of AGNs
AGNs and inactive control galaxies as cross points in thetins and the inactive control sample in bins of redshift and CM (to
to each panel of the lower Figure. As has been noted by usré of the Figure). Firstly, there is a trend towards mildlg-e
earlier studies, AGNs as a whole are significantly moreyikel vatedLs, among clumpy galaxies at all redshifts, which is ex-
be detected in PACS than equally massive inactive galestis, pected since clumps are a signature of unstable star-fgrmin
gesting that nuclear activity prefers SF hosts (Santinb@.2;  disks [Dekel et al. 2009; Ceverino et al. 2010).2A¢ 1.5, the
Rosario et al. 2013b). The biggest consisteffedence between enhancement in mealnsy for AGNs is small or non-existent
AGNs and control galaxies can be found in the detection fragmong clumpy systems, but appears to be larger for smooth sys
tions. For lown, AGNs have a mIIdIy elevated FIR deteCtiOﬂ:ems_ The diferences between the mehg, of AGNs and in-
fraction over the control, comparable to the full AGN samplective galaxies as a function of CM reduces and possibly goes
However, highn AGNs are several times more likely to be deaway byz ~ 2.
tected in PACS than inactive galaxies with similar struetihis The two lower rows of Figure_15 compakey distributions
is the likely reason for the enhanced mégnseen among bulgy of the two populations. To allow $iicient number statistics, we
AGNs in the upper panels. use coarser bins in CM than in the upper pand): 9IM< 0.3
indicates smooth galaxies, while30<IM< 1.0 includes both
mildly and strongly clumped galaxies. AGNs and inactiveagal
ies show fairly similar distributions ihgg in both CM bins, both
Our analysis of Section 3.4 suggests that merger rates amangong PACS-detected and -undetected systems. In the high re
AGNs atz < 1 are enhanced. If substantial fueling of AGNshift bin, the AGNs are mildly weaker in mean star-forming
and bursts of SF are both instigated by gas-rich mergerteauc properties compared to the inactive population. A comparis
activity is expected to be preferentially found in thoseeiatt- of PACS detection fractions shows again that AGNs tend to be
ing systems that also exhibit strong SF. We test this notion detected a little more often than the control sample. Theee i
GOODS-S using the visual interaction metric to separate ismild indication that the dferences in detection rates are smaller
lated, interacting and merging systems. among clumpy systems than among smooth systems.

In Figure[14, we compare, in the upper row of panels, the
meanlgo of AGNS (red points) and mass-matched control galax- )
ies (black points) in bins of redshift and IM. In general, wedfi - Discussion
that the FIR luminosities are not strongly dependent on IM f%.l. Differences in structure and star-
both classes of sources. There is a rise between “isolatedl” a
“merging” systems, by a factor of 0.5 dex in the two higher
redshift bins. The mealgo of the AGNs is somewhat enhancedn earlier sections, we analyzed structural and SFR patteiX-
with respect to inactive galaxiesak 1.5, by~ 0.3 dex. Thisis ray selected AGN host galaxies and compared them to equally
broadly consistent with the level of FIR enhancement foword fmassive inactive galaxies. Broadly, AGNs are structursitfy-
all X-ray AGNs in Santini et al. (2012). There is a hint that thilar to non-AGNs, whether in terms of galaxy light profiles,
enhancement may be higher among “interacting” galaxidsén tclumpiness or the incidence of interactiimsrgers. Both sets
lowest redshift bin, but this pattern is not observed arimedli- of galaxies are primarily isolated, smooth and moderatalgyp
ate redshift. At 15 < z < 2.5, AGNs and inactive galaxies showsystems. AGNs of all structural categories are more likely t
similar mearLg. detected in the FIR, although their SFR distributions, keaic

In the lower panels, we compare thegy distributions of usingLeg distributions and stacks, are not vastlyteient from
AGNs and inactive galaxies divided by redshift and into lifs inactive galaxies (a more extensive treatment can be foand i

4.2. SFR as a function of Interaction Metric

formation between
AGNss and inactive galaxies
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Rosario et al. 2013b). Despite this, we do uncover somefsignAGNs in smooth hosts display significantly enhanced SFRs.
cant diferences through the use of a careful comparison of stdete that these smooth hosts include most of the high Sérsic
tistical distributions. AGNs as well. Therefore, the large enhancement in SFR ob-

First, AGNs show little systematic variation in their restserved among both bulgy and smooth AGN hosts are two sides
frame optical light profiles despite the obvious changesin tof the same coin, tracing much of the same population of host
profiles of non-AGNs with redshift. Az ~ 1, massive inactive galaxies.

galaxies are primarily bulgy, with a typical Sérsic indeix3 Additionally, our study allows us to compare the relative in
similar to the AGNs. Byz ~ 2, inactive galaxies become mostlycidence of interacting or merging systems in AGNs and eguall
disk-like and show Sérsic indices peakingnat 1. In contrast, massive inactive galaxies, using the visual interactionrime
the typical Sérsic index of AGNs changes little between2.5  (1M) or the “multi-feature” merger subset. At< 1, both trac-
andz = 0.5. Comparisons of axis ratio distributions also highers suggest a significant enhancement of mergers among AGN
light the rounder profiles of AGN hosts at- 2. hosts. The fraction of interacting systems among AGNs in the
Comparing H-band and z-band light profile distributions re3.5 < z < 1.0 redshift bin is quite consistent with the frac-
veals that these flerences are produced by a central light exions found for local hard X-ray selected SWBEAT AGNs (18%
cess in AGNs that is at least as red as the rest of the galaxy259%; Koss et al. 2010). Towards~ 2, AGNs and inactive
Rest-frame UV light profiles of AGNs and non-AGNs at thesgalaxies have essentially identical IM distributions. fiéfere,
redshifts are similar to their rest-frame optical light fles. the enhancement in AGN activity in mergers seen in local and
This suggests that the star-forming disk component, wiketyl  |ow redshift appears to become less pronounced at higher red
dominates the rest-frame UV light, is comparable in shape dénifts.
both populations of galaxies, whereas the central red exees  across IM, AGNs atz ~ 1 typically show substantially

more pronounced in AGNs. At > 1, the higher Sérsic AGN higher mean SFRs than the control sample. Thefferdnces
hosts are also more luminous, pointing to a possible relatioye griven by a combination of mildly higher individual SFRs
ship between the origin of the light excess and the nuclear byq 5 consistently higher FIR detection rate. The enhangeme

minosity. While this excess could arise from reddened ruClg, AGNs is consistent with the notion that nuclear activisy i
emission from an obscured active nucleus, the low lumigadit generally associated with gas-rich galaxles (Santini/@@i2:

most X-ray selected AGNs in the CDFs implies instead thalpssario et dl. 2013b). We do not discern any clear indicatian

more prominent stellar bulge may exist in AGN hosts (Sectiqfie SFRs of interacting galaxies hosting AGNs are additipna
3.3.1 and Rosario et al. 2013a). Noting the important cavieat j,,osted over isolated galaxies hosting AGNs, althoughithis

this conclusion outlined in Section 3.3.1, we proceed Wi t e gicted by most models of co-eval SMBH fueling and star-
cautious implication of our results that the relationstevieen | \(sts in galaxy interactions. If there is such a secondary e

bulges and the existence of super-massive black holes wasyalycement, it is minor when considering the ensemble of vi-

ready in place az ~ 2, although we refrain from any speculaxq|ly identified interacting systems. On the other hanid, th
tion about the nature of that relationship or its evoluti@séd onsemple includes many gas-poor mergers, minor mergers or
on our present analysis. In the discussion on AGN fuelingesody,_hys which do not necessarily conform to the predictiohs
(Section 5.3), we will consider the implications of botreafia- - merger simulations. A careful treatment of merger samplih,
tives: AGNs are in more bulge-dominanthostg at2, or AGNS - ygitional classification based on the gas content, mass it

are in structurally similar hosts to inactive massive g@soat o merging components, as well as the stage of the interacti
z~2. may reveal finer relationships. This may be possible in &itur

While the light profiles of AGNs are similar to inactive,york that uses the entire CANDELS area, but is beyond the sta-
galaxies az ~ 1 (and probably notféected by AGN contam- yisical capability of our analysis.

ination), their SFRs show filerent trends with Sérsic index. In
particular, AGNs do not share the strong drop of SFR with
characteristic of inactive galaxies. An examination of 8f€R 5.2. Comparison with existing studies of X-ray selected
distributions reveal that these high Sérsic AGN hosts shath AGNs
higher SFRs and a much higher FIR detection rate. This stgyges
that most bulge-dominated AGN hosts are indeed formingstaf number of studies using various methods have explored the
while most bulge-dominated inactive galaxies are fairljequ Structural properties of AGN hosts at intermediate and hégh
cent. Atz ~ 2, high Sérsic AGNs still maintain high detectiorshifts, sometimes using samples that overlap significamitly
rates over inactive galaxies, but th&diences in the mean SFRghose used here. One advantage of our study is a combination
are less pronounced, probably because all massive galasiesof visual and analytic measures of galaxy structure overdewi
gardless of structure, show larger SFRs at these redshifts. ~ range in redshift, which enables us to compare our resulés to
Using the visual clumpiness metric (CM), we show that thieroader subset of relevant work from the literature.
majority of massive galaxies and AGN hosts at all redshifés a  We are generally consistent with earlier studies which used
in relatively smooth galaxies. Despite this, we find a sigaifit analytic measures of AGN host structure, typicallyzak 1
preference for AGNSs to lie in clumpy hostsax 1. This pref- (Grogin et all 2005; Pierce etlal. 2007). Some of thftedénces
erence weakens towards~ 2, while the relative fraction of between the AGNs and inactive galaxies in these earliefestud
clumpy galaxies, both active and inactive, increases 8yedfd such as higher early-type fractions or bluer colors amon§l8G
the presence of large clumps is related to the level of terizd are due to the improper choice of control samples, for exampl
or instability in galactic gaseous disks, then the AGNs aradi through matching by a blue optical luminosity rather thast-st
tive galaxies az ~ 2 show the same level of such disturbancéar mass. Such control samples contain a larger number &irlow
while atz < 1, AGNs appear to prefer clumpier galaxies and araass blue star-forming galaxies than can be found among AGN
more likely to be found in turbulent hosts. hosts, which biases both structural and SF measures. Thike nee
Across redshift, both active and inactive clumpy galaxider a stellar mass-matched comparison sample is critiqaafo
have mutually comparable SFRs. In addition, at low redshiftair assessment of the AGN hosts (e.g., Villforth et al. 2014
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Kocevski et al. [(2012) compared AGNs and mass-matchetass star-forming galaxies with a low/Mto enter the control,
control galaxies at.b < z < 2.5 in CANDELSCDF-S using a leading to a dferent stellar mass distribution between AGNs
visual classification scheme archetypical to the one inghfger. and the control sample (Xue et al. 2011; Rosario et al. 2013a)
While we do not employ the visual separation into spherais aWhile it is not immediately apparent how this cafieat merger
disks as used in_Kocevski et gl. (2012), we have verified,gusimcidence, a careful assessment of matching criteria igired,
our visual classification catalogs, that our results arepitetaly before these dierences are to be understood.
consistent with this earlier work (Appendix B). Among AGNs
at these redshifts, most host galaxies are classified as, digtk
a low mergefisturbed fraction and only a minor enhanceme
in the visual spheroidicity over inactive galaxies. At figince, A radiatively luminous AGN, including one bright in the X-
this seems to be at odds with the high Sérsic indices Seen@mehys, is triggered by dense gas falling onto an accretiok dis
AGNs atz ~ 2. These dierences stem primarily from the higheraround an SMBH. A major area of inquiry in the field of
sensitivity of visual classifiers to the appearance of dshd active galaxies pertains to how gas gets from scales of the
a rather weak ability to discern variations in steepnessgbt | host galaxy down to the black hole. Violent processes, such
profiles among spheroidal systems. An elongated?.5 galaxy as galaxy mergers, are verftective at stripping angular mo-
will be classified as a disk as easily as an elongated. galaxy. mentum from gas, sending it into the centres of galaxies to
Only GALFIT light profile modeling can adequately reveal thgroduce dense compact structures which can fuel syncheoniz
central light excess we find in AGN hostsat- 2. A similar  starbursts and luminous AGNs. However, secular processes ¢
limitation will apply to visual studies of lower redshift A& also bring gas into the vicinity of the SMBH, as evinced by
from optical images such as Cisternas et al. (2011), althth® the gas-rich circumnuclear environments of settled didkxga
higher resolution of the HYACS imaging could potentially re- ies such as our own Milky Way (e.d., Morris & Seraliyn 1996;
veal bulges morefeectively. Visual methods are considerabliKruijjssen & Longmoré 2013). This gas can amply fuel low and
more sensitive to distortions, asymmetries and distu@&it moderate luminosity AGN< _(Hopkins & Hernqliist 2006), and,
galaxies. depending on the mechanisms relevant for the small-scale in

From HSTWFC3 early release science imaging in GOODSlow of gas around the nucleus, could even fuel luminous Ehase
S,ISchawinski et all (2011) determined that AGN hosts@kl such as quasi-stellar objects (e.g. Gabor & Bournaud 2013).

z < 3 were mostly in disky hosts, with typical GALFIT-based The morphology of a galaxy is an aggregate of its evolu-
Sérsic indices peaking at= 1. This result is at odds with our tion over many epochs. Once a galaxy’s stars are redistdbout
finding that AGNs at B < z < 2.5 have typicah of 2.5. One ma- by violent processes into a spheroid, this marker of its merg
jor difference lies in the fact that the AGNsLin_Schawinski et ahg and inflow history is preserved, even if further inflow afsg
(2011) were fit using a two component galaxy model, with thend stars may settle into a later-forming disk. Folding tbge
assumption that the central light excess in these objeidssar the morphological information of an AGN host, as a measure of
due to nuclear contamination. We only fit our galaxies withs integrated evolution, and its SFR, as a measure of it®otr

a single model profile and our two band studies demonstrategblutionary state, can potentially constrain the impueztaof
that the central excess is red and likely due to a bulge. Bgrious AGN triggering models.

subtracting away a large part of the central bulge component We use the results of our study ats 1 to demonstrate,
Schawinski et al! (2011) may be lowering tHeetive Sérsic in- through a simple heuristic example, the way structure arll SF
dices in their AGNs (see Appendix A for a demonstration of thimay be jointly employed in testing fueling mechanisms. More
effect). To better understand theffdrences between these requantitative and discriminatory tests will involve a conipan
sults, careful multi-component modeling of the WFC3 imagfes to observable predictions from cosmological semi-analyind-
AGNSs and inactive galaxies is needed. Simulations of the-inflels or hydrodynamic simulations.

ence of multi-component fits on the recovery of bulge and disk AGNs at all redshifts are found in all forms of massive
parameters in realistic galaxies is needed, akin to theo@ghr galaxies: those with disks, bulges and pure spheroidsytist)
taken by Simmons & Urryl (2008) and Gabor et al. (2009) faslumpy, interacting or merging. Clearly, neither purelplent
AGNs imaged with ACS. processes or purely secular inflow can account for all AG¢ tri

On the topic of merger incidence, the higher merger ratgsring. The median Sérsic index®#2.5 implies that the typical
we find among AGNs az < 1 is consistent with the AGN host is a disk galaxy with a substantial bulge, as is also
level of enhancement of AGN activity in low redshift mergconfirmed by visual and analytic estimates from earlier istd
ers (Silverman et al. 2011; Sabater et al. 2013). In addititoe  (e.g..Grogin et al. 200%; Pierce et al. 2007; Gabor gt al. [009
weakening of a merger connectionzat- 2 is consistent with The prominence of a spheroid or bulge is a signature thag¢niol
Kocevski et al. [(2012). Our results at< 1 are in some ten- processes likely played a role in the structural evolutibtnese
sion with the HSTACS study of XMM-COSMOS AGNs from galaxies. But the presence of a cold disk component, as well a
Cisternas et al! (2011), which found no enhancement in the the similarity of the Sérsic index distributions of actiard in-
teraction fraction over the control sample of inactive gaa active galaxies, implies that either those violent eveiresctly
in an overlapping redshift range, despite a similar siatibt fuel only a small fraction of AGNSs, or that such violent mech-
power to our own study. This may arise due to the higher manisms do not preclude the simultaneous formation or preser
dian luminosities of the XMM-COSMOS sample, roughly awation of a galaxy disk (Robertson et al. 2006; Hopkins et al.
order of magnitude greater than the CDFs at these redshi#809; Dekel et al. 2009; Ceverino etlal. 2010). The typicdRSF
Alternatively, and more likely, the fferences may stem fromof AGN hosts in disk galaxies is comparable to those of in-
the diferent approaches used to construct a control sampdetive galaxies and consistent with that of the SF Sequence
we match galaxies by stellar mass, while Cisternas|et al. (R0 (Mullaney et al. 2012; Rosario etlal. 2013b): AGN activity shu
match in redshift and apparent F814W (I-band) magnitude, cde driven in these galaxies by secular processes that do not
recting for any emission from a nuclear point source. Theafisestrongly disturb the star-forming equilibrium of their gdisks.

a blue optical rest-frame band to match galaxies will allowdr Therefore, any consideration for AGN triggering scenansst

&3. Insights into AGN triggering scenarios
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be mixed, with both secular and violent components. Thaalet rest, implying, to the degree we can test with our small sampl
insight suggests that this mix evolves with redshift in the &nd  size, potentially violently triggered SMBHs have accretiates
moderate luminosity AGN population (Hopkins etlal. 2013b). that are similar to those fueled by other processes.

We consider a scenario where AGN triggering is not directly At higher redshifts £ ~ 2), AGNs and inactive galaxies
linked to processes that govern the larger scale galaxyi$n tboth show identical fractions of clumpy or interactingerging
view, the role of the outer galaxy and its environment is to-si systems, while both AGNs and inactive galaxies have simi-
ply supply gas to the inner kpc around the SMBH, which mdar SFRs irrespective of structure. In particular, mergh@gN
arrive either through violent torques and relaxation, ootigh hosts have identical mean SFRs and FIR detection rates as the
longer secular means. Once there, small-scale physicgoull mass-matched control. These results point to a lesser oole f
ern the final infall of this gas to the accretion disk, modualgt the violent channel in directly fueling AGN activity, sinegn-
the duty cycle of the active phase. SF indicates the presgncehronisation between star-formation and nuclear actafiyears
cold gas in a galaxy, which is why we find AGN activity is ento be weak. Rather, the significantly higher gas surfaceidens
hanced in star-forming galaxies across almost all galaxy maies in high redshift galaxies (Tacconi et al. 2010; Daddilet
phologies and forms. In galaxies with very low gas resesyoii2010a; Tacconi et al. 2013), coupled with a faster secular ev
such as massive ellipticals, the chance of hosting enougimgalution timescalel(Genzel etial. 2008), cdieetively disconnect
the circumnuclear regions is quite low. Indeed, only the lsmaalaxy scale evolution from nuclear fueling processes.GNA
subpopulation of early type galaxies with significant gas-cofueling at high redshifts is primarily modulated by smalbakc
tent contain an X-ray bright AGN and also display detectabjgocesses, then how do we understand the higher Sérsicjeou
star-formation. This explains the preponderance of SF iityea light profiles for AGNs in such high redshift hosts? If this is
type AGN hosts. Among disk-dominated galaxies, the presermrimarily due to widespread contamination of these profiles
of clumps are a signature of higher gas fractions and more tby reddened nuclear light, and the true host structuresrare i
bulent disks, which is why AGN hosts are mildly more clumpgeed disk-like and consistent with other massive galaxies)
atzg 1. a strong case can be made that secular fueling is the primary

However, this simple scenario does not adequately explaitode atz ~ 2 (Schawinski et al. 20171; Kocevski ef al. 2012;
the higher incidence of mergers among AGNSs at these redshiRosario et al. 2012; Hopkins et/al. 2013b). However, if theee
Therefore, a channel must exist which involves a direct eann preference for AGNs to be found in bulgy galaxies (as enarget
tion between merger-driven torques on galaxy scales anihgasarguments seem to support), then the violent mode resgensib
flow on to the SMBH on nuclear scales (e.9. Hopkins & Qudtadar the formation of such bulges may still retain a criticaler
2010). An potential signature of this direct “violent” chrastis  in fueling higher redshift AGNs. Further clarification widlbme
an average enhancement in the SFR of AGN-hosting mergdhgpugh the careful assessment of the true light profilebesd
which has been reported in detailed studies of local galaigp AGN hosts in up-coming CANDELS studies.
and post-merger remnants (Liu etlal. 2011; Ellison et al.1201
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Appendix A: The inclusion of a central point source
in GALFIT fits

Nuclear activity can systematically alter the appeararfcBGN host galaxies
by adding excess emission in the centre, which concentifa¢dght profile, in-
creases the resultant best-fit Sérsic index and makes stensyappear more cir-
cular. Even at the highest attainable resolutions, theeigds completely unre-
solved in distant galaxies, appearing as a point sourcerégisonable, therefore,
to model AGN host galaxies as a combination of galaxy stratitomponents
and a central PSF. However, bulges, which also make ligHtlgganore cen-
tral concentrated, cannot be easily distinguished fromléwels of nuclear point
source emission. Galaxy bulgeszat 2 have characteristic half-light diameters
of ~ 2 kpc or 0.24” (e.d. Bruce et al. 2012), only slightly largean the FWHM
of the WFC3F160W PSF (0.15"). Therefore, accurately distinguishietneen
bulges and point sources requires careful modelling ofrtsgiumental PSF, and
even then may still be inaccurate, since galaxies do notlyswve regular light
profiles.

To test the performance of GALFIT fits with a PSF componentdaiz ~ 2
galaxies, we compared single Sérsic and two componensi¢Sécentral PSF)
fits to the F160W images of galaxies in the CANDELS GOODS-Slfighis
field has the deepest NIR imaging among the CANDELS fields tiverexer-
cise, we used a subset of galaxies from the full sample intred in Section 2.4,
which have been carefully fit with fierent light profile models for a study of the
bulge properties of distant galaxies by (Lang et al. 2014}ails of the method-
ology and fitting setup are published in that work. Only gasvat 15 < z < 2.5
were considered in this exercise, since it is at these riésishihere the dter-
ence in light profiles between AGNs and inactive galaxies éstnpronounced
(Section 3.3). The galaxies were all selected to have Mitls 10'° M.

Each galaxy was first fit with a single elliptical Sérsic pimfiterated nu-
merous times over a grid of initial values to prevent the biebm falling into a
local minimum. The best fitting single Sérsic profile wastised to initialise a
second fit with the addition of a PSF component to the galaxgehd he centre
of the PSF was restricted to within 2 pixels (0.12") of thetoenf the Sérsic pro-
file, and its flux was initialised to 1% of the integrated magaé of the galaxy.
All galaxies, whether identified as inactive or active, wtéentically in this
fashion.

In Figure[Ad, we compare the resultant Sérsic index diistions of the
X-ray AGNs to those of mass-matched inactive galaxies, /tte distributions
for the inactive galaxies have been determined using thistsapping procedure
discussed in Section 2.4.1. In the left panel, we show thelteefrom single
Sersic fits. These are qualitatively similar to those shawfiguresd and]7,
in that AGNs typically show significantly higher Sérsic iogls than inactive
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galaxies. In detail, we find a slightly higher fractionrof= 4 AGNs than in the
full sample. However, given the small number of AGNs in thibsample, the
difference could arise from Poissonian variation.

In the right panel, we plot the distributions of the best-&rsSc index of
the galaxy component in the two component fits. As expectediiding a PSF
component has lowered the resultardgf the AGN hosts, greatly increasing the
fraction of disk-dominated systems. On the other hand, enpenison of the dis-
tributions of the inactive galaxies between both panelkérRigure also demon-
strates a reduction in the typicalfor these galaxies as well. Since the inactiv
population is not expected to show widespread nuclear [gmintce emission,
we conclude that simple two component fits as used in thicisealso tends to
remove light from potential bulge components, systemifit@ading to best-fit
Sérsic index distributions that are too disky.

20 T T T T T T T T

Dashed: all galoxies (scaled)
Red: AGNs
Grey: Moss—moatched goloxies

# per bin

-5
mMagH,, — MagH, (AB)

from commenting on bulge fractions here - this requiresiéetdulgerdisk de-
composition fits to both AGNs and inactive galaxies.

Appendix B: Comparison with the CANDELS study
of Kocevski et al. (2012)

Kocevski et al. [(2012) studied structuralffdrences between AGN and mass-

€matched inactive control galaxies abl z < 2.5 in the CDF-S using essen-

tially the same visual classification scheme as in this wbidwever, there are
important diferences related to sample selections that should be bom@&th
when comparing our results to theirs.

The X-ray source catalogs used in the two CANDELS studiesbased
on distinct reductions and source detection algorithnelitey to diferent sized
parent samples. We employ the CDF-S 4Msec catalog of Xue @0dl1) which
consists of 740 sources, while Kocevski et al. (2012) use eeroonservative
catalog of 569 sources. Thefidirences between these catalogs are discussed
in Rangel et &l.1(2014). In addition, we adopt AGN-specifiofometric red-
shifts from|Luo et al.[(2010), whilz_Kocevski et al. (2012kearedshifts from
Wuyts et al. [(2008) which are not optimised for AGNs. Despitese dier-
ences, the number of X-ray AGNs abl< z < 2.5, after the application of a
lower Ly limit, is nearly the same in both studies {0). Unlike us, however,
Kocevski et al.[(2012) do not restrict their sample to the G3MUSIC foot-
print or apply cuts irmy andM.,.. Our sample of AGNs for the visual classifica-
tion analysis at b < z < 2.5 is 55, in total after cuts, a reduction of 25%. This
smaller sample shares the same uniform analysis, quaktgkshand photomet-
ric selections of the full GOODS-MUSIC dataset, enablingasistent analysis
of stellar mass and other galaxy properties between AGNsrative galaxies
in this work.

We can compare the fractions of disks and spheroids in oupleashAGNs
with those reported by Kocevski et al. (2012). From theirl@ah ~ 80% of
AGNs are classified to have a visible disk or spheroid. Inre@tt 100% of our
AGNSs have one of these components. This is due tothec 24.5 cut applied to
the galaxies in our visual classification catalog; we hage IGNSs in our sam-
ple, but all have accurate structural assessments. As agaesce, our fractions
of disks and spheroids will necessarily be higher than thiod€ocevski et al.

Fig.A.2. Distributions of the flux ratio of the Sérsic compo+{2012), simply due to our fierent sample sizes. Therefore, we scale our frac-
nentto the PSF component (in magnitudes) from two componéis down by a factor of 1.25 to ease the comparison.

GALFIT fits to AGNs and inactive galaxies in the WFE360W

In our AGN sample, we find disk galaxy fractions ofj@% of which

5 . . . .
band. 1000 draws of a mass-matched control sample are aﬁgia% are pure disks, with no5 reported §pher0|d component. Thasegns
ysed to determine thev¥20- scatter in then distributions for in- may be compared to Sgand 173% respectively from Table 1 bf Kocevski et al.

active galaxies, shown as ddigght grey zones in the histograms

Red open histograms show the distributions for the AGNs. THg,

dashed black line is the distribution for the full inactivalaxy

(2012). We also find pure spheroid fractions of 2% compared to 28 from

Kocevski et al.[(2012). As for morphologically disturbeds®ms (Section 3.4),
fractions of visual disks and spheroids are completelysistent in both
CANDELS works. Our ability to reproduce the results of Koslewet al. (2012),

sample for which two component fits were performed, inclgdirndespite the derences of approach and numbers of classifiers, highlipatste-
many lower mass galaxies not widely found among AGN hostility of the CANDELS visual classification scheme.

This histogram has been scaled down to overlap with the peak o

the AGN histogram, to allow a simple visual comparison of t
distributions.

Another valuable test of these fits is a comparison of thetifra®f light
in the PSF and galaxy components for AGNs and mass-matchetivim galax-
ies. The nuclear luminosities of X-ray AGNs will be higheathany weak or
heavily obscured nuclear emission that may remain undetdatthe inactive
population. If the central excesses are indeed due to widadmuclear point
source contamination, we expect to find higher PSF fracteoneng AGNSs. In

This being said, we prefer in this work to use an analyticahsuee of the
xy light profile rather than visual measures of diskénés stated in Section

-2, a visual classifier hasfiiculty discriminating between subtle variations in
the light profile gradient. For e.g., inactive galaxiezat 2 that are classified
visually as having dominant disk components exhibit a raing8érsic index
of 0.7-32 (80th percentile), while the range is7366 for spheroid-dominated
galaxies.

Figure[A2, we plot histograms of theffirence between the H-band magni-

tudes of the best-fit Sérsic component and the best-fit P@paoents from our
fits. In addition to the AGNs (red) and mass-matched inagfalexies (grey re-
gions), we also show the full distribution for galaxies witho-component fits
(black dashed line), which includes many more low mass geddkan generally
found among AGN hosts. The latter histogram has been scaled th number
to allow a visual comparison to the other distributions ia Eigure.

Despite their higher nuclear luminosities, the two compmoriis yield es-
sentially indistinguishable PSF fractions in the AGNs agdadly massive inac-
tive galaxies. This is not simply due to limitations of thes fir local minima,
since the overall distribution of PSF fractions include®magl tail to very low
values not found among the more massive AGN hosts (or othesimgainac-
tive galaxies). These two component fits were initialise¢thvd mag between
the PSF and the Sérsic component, but the bestfférdnce is about 2.5 mag
(10%). Considering that the excess central light is foura somilar degree both
in AGNs and inactive galaxies, one may conclude that thealeecess is likely
to arise in a bulge rather than in a nuclear point source.i$lusnsistent with ar-
guments based on central colours and energetics from 8e:8al. We refrain
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Fig.13. Mean 60um monochromatic luminosities.§o) and luminosity distributions of AGNs and inactive contgallaxies in both
GOODS fields combined, as a function of H-band Sérsic indgxRanels left to right span three distinct bins in redslhiftthe

top row, the meathgo from combinations of detections and stacks are comparehéndin. The X-axis error bars show the extent
of these bins. The errors on the AGN measurements (red pa@irdsdetermined from bootstrapping into the AGN subsample i
each bin in redshift and. The errors on the inactive galaxy measurements (blackgaiome from the analysis of an ensemble of
meanLgp from 100 random draws of mass-matched control galaxiefidihawer two rows, each panel is split into two subpanels.
Leo distributions and PACS detection fractions for AGNs andttive galaxies are plotted in the left subpanels for two sednins

in Sérsic index. Histograms show theg, distributions of PACS-detected AGNs and inactive galaxigse 100 random draws of
mass-matched control galaxies are used to determinetl2e-Bcatter inLgo for inactive galaxies, shown as ddight grey zones in
the histograms. The red histograms areltggdistributions for AGNs. The medry corresponding to these histograms are plotted
for PACS-detected AGNs as red star points and for inactil@xggs as black star points. Error bars on the latter arertisescatter

of the mean of the control samples. The méagof PACS-undetected AGNSs (red circle points) and inactidexdas (black circle
points) are also compared similarly. PACS detection fomgtiare shown in the right subpanels. Red cross points da@Gitis and
black cross points denote inactive galaxies, with rms scatiown as vertical error bars on the latter points. Seéddettl for a
discussion.
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Fig. 14. Mean 60um monochromatic luminositied_§o) and luminosity distributions of AGNs and inactive contgalaxies in
GOODS-S, as a function of visual Interaction Metric (IM)nieés left to right span three distinct bins in redshift. le top row, the
meanLg from combinations of detections and stacks are comparethindf IM. In the lower two rows, each panel is split into
two subpanelsLg distributions and PACS detection fractions for AGNs anctiive galaxies are plotted in the left subpanels for
two coarse bins in IM. PACS detection fractions are showhénright subpanels. Details of the plot are identical to ¢hafd-igure
[13, except for a dierence in the structural measure. See Section 4.2 for asdiscu

23



D. J. Rosario et al.: Structure and SFR of AGN in CANDECBF

05<2z< 1.0 1.0<2z< 15 1.5<2< 25

46 '
e AGN

e Control e f
4"7
45 T - I n

44} - I T ]

l
|
T
il
’

43 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Clumpiness Metric

0.5<z< 1.0 1.0<z< 15 1.5<2< 25
) ) ) ) ) ) ) L20 ) ) )
- kK 104 ke 104 -0 A%k 101 8

A

c Lo X X

£ ®)

Fe) x 10 >|< <

5 0.1 0.11 01y A

a o

%’ Detection ‘N)

) Fractions

<

) 1od[*° 104[10 10{ O

N o o % )I( 5 5 o o

3 "‘ X 1 A

e e

L10

z 0.11 0.11 01y A

o
43 44 45 46 43 44 45 46 43 44 45 46

log vL, [60 um] (erg s™)

Fig. 15. Mean 60um monochromatic luminositied_§o) and luminosity distributions of AGNs and inactive contgalaxies in
GOODS-S, as a function of visual Clumpiness Metric (CM). &areft to right span three distinct bins in redshift. In tbp row,
the mearlLgo from combinations of detections and stacks are comparethind§ CM. In the lower two rows, each panel is split
into two subpaneld.g distributions and PACS detection fractions for AGNs andfive galaxies are plotted in the left subpanels
for two coarse bins in CM. PACS detection fractions are shiwthe right subpanels. Details of the plot are identicahtose of
Figure[13, except for a fierence in the structural measure. See Section 4.3 for assiscu
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Fig.A.1. Distributions of the Sérsic index)from GALFIT fits to AGNs and inactive control galaxies in théd-C3F160W band.
1000 draws of a mass-matched control sample are analyseteiordne the &/20 scatter in the distributions for inactive galaxies,
shown as darkight grey zones in the histograms. Red open histograms shewlistributions for the AGNs. Left: Results from

fits of a single Sérsic elliptical model. Right: Resultsrfrdits with two components - a Sérsic elliptical model and atic@ point
source. The inclusion of a point source results in lowesi8éndices for both AGNs and inactive galaxies.
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