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ABSTRACT

The correlation between active galactic nuclei (AGN) andremment provides impor-
tant clues to AGN fueling and the relationship of black halevgh to galaxy evolution. In
this paper, we analyze the fraction of galaxies in clustestihg AGN as a function of red-
shift and cluster richness for X-ray detected AGN assodiaiith clusters of galaxies in Dark
Energy Survey (DES) Science Verification data. The presamipte includes 33 AGN with
Lx > 10*3 ergs s'! in non-central, host galaxies with luminosity greater thail.,. from a
total sample of 432 clusters in the redshift rang®.0f < z < 0.95. Analysis of the present
sample reveals that the AGN fraction in red-sequence clas¢enbers has a strong positive
correlation with redshift such that the AGN fraction incsea by a factor of- 8 from low
to high redshift, and the fraction of cluster galaxies hastAGN at high redshifts is greater
than the low-redshift fraction &6o. In particular, the AGN fraction increases steeply at the
highest redshifts in our sample at> 0.7. This result is in good agreement with previous
work and parallels the increase in star formation in clugedaxies over the same redshift
range. However, the AGN fraction in clusters is observedaeeno significant correlation
with cluster mass. Future analyses with DES Year 1 and 2 détaenable to clarify whether
AGN activity is correlated to cluster mass and will tightlyrstrain the relationship between
cluster AGN populations and redshift.
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1 INTRODUCTION tion compared to galaxies in the field; however, the fractdén
star-forming cluster galaxies increases strongly wittshéftl (e.g.
Butcher & Oemler 1984Wilman et al. 2005Poggianti et al. 2006
Saintonge et al. 2008aines et al. 2009 In the dense environ-
ments of clusters and groups different physical processag m
influence galaxy evolution including galaxy-galaxy mesgand
harassment (e.gRichstone 1976 Aarseth & Fall 1980 Barnes
1985 Moore etal. 1996 Park & Hwang 2009 strangulation
(e.g. Larson et al. 1980Balogh et al. 2000Kawata & Mulchaey
2008 van den Bosch et al. 208 ram-pressure stripping (e.g.
Gunn & Gott 1972 Abadi et al. 1999 McCarthy et al. 200Band
evaporation by the hot intracluster mediul@ofvie & Songaila
1977). These processes can hinder the availability and trahspor
cold gas to the galaxy. By extension, the lack of cold gasl-avai
able to the galaxy affects AGN activity and evolution. In iideh,
galaxies in clusters appear to have formed on average retdudie
similar mass galaxies in the field (ex@n Dokkum & Franx 1996

Galaxies are a key component in the formation of large scale
structure; however, their evolution and the mechanismegindyi
it on large time scales are not well-understood. All massive
galaxies are thought to host a supermassive black hole (SMBH
(e.g.Ford et al. 1998 and observational studies have shown that
the size of this SMBH is correlated with various properties
of its host galaxy, such as the velocity dispersion of the- cen
tral bulge (e.g.Ferrarese & Merritt 2000Gebhardt et al. 2090
Haehnelt & Kauffmann 20Q0rremaine et al. 200Z5raham 2015
and central bulge formation (e.%u et al. 2007 Graham 201%
Hence, one can infer that the evolution of the central SMBlign
host galaxy are intimately connected.

Black holes at the centers of galaxies become active when
there is a large influx of gas onto the black hole that couldeari
from major mergers (e.ganders et al. 1988Barnes & Hernquist

1991 Hopkins et al. 200§ particularly for the most luminous
active galactic nuclei (AGN). Lower luminosity AGN may in-
stead be fed by minor mergers, recycled stellar material, or
bars (e.g.Simkin et al. 1980 Noguchi 1988 Genzel et al. 2008
Georgakakis et al. 2009Rumbaugh et al. 20312Goulding et al.

2014. When there is no more gas to accrete, the black hole re-

turns to its dormant state. Thus, it is theorized that AGNjasea
phase of evolution that every galaxy experiences. Any nrasha
that adds to the inflow of cold gas into a galaxy has the patktati
ignite star formation as well as AGN activity. In fact, thésea cor-
relation between AGN activity and star formation in galaxand
the two show similar cosmic evolution (e.Berlevich et al. 1990
Franceschini et al. 199%Kauffmann et al. 2003Rumbaugh et al.
2012 Goulding et al. 2014 AGN feedback is then thought to reg-
ulate galactic star formation, stripping the galaxy of thwnati-
tions necessary for stellar nurseries to form (8itk & Rees 1998
Di Matteo et al. 2005 Hopkins et al. 2005 Cimatti et al. 2013
Rosario et al. 2013

Galaxies in clusters are known to evolve at different rates
than galaxies in the field. For example, in the local Universe
the bulk of galaxies in clusters exhibit little or no star rfa-

Kelson et al. 199¥ Hence, the dependence of AGN activity on en-
vironment probes mechanisms driving AGN evolution as well a
the correlation of AGN to star formation and galaxy growthiath

in turn depend on environment.

Studies have shown that at low redshifts, the fraction aixgal
ies in clusters hosting X-ray luminous AGN is lower than feldi
galaxies while the cluster AGN fraction is observed to bestime
as the field AGN fraction at higher redshifts{ 1) (Eastman et al.
2007 Martini et al. 2009 2013. Therefore, the cluster AGN frac-
tion evolves more strongly leading to parity with field AGNégh
redshift. It follows that a strong positive correlation\ween clus-
ter AGN fraction and redshift is observed. This increaselirs-c
ter AGN activity with redshift parallels the increase in tec-
tion of star forming galaxies in groups and clusters ovemalar
redshift range (e.gButcher & Oemler 1984Wilman et al. 2005
Poggianti et al. 2006Saintonge et al. 2008Haines et al. 2009
Erfanianfar et al. 2014 However, the relationship between indi-
vidual AGN and host galaxy type and star formation rate apgtea
depend both on environment and AGN type (Atiee et al. 201}

Galaxies in groups are more likely to interact with one aanth
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which could ignite AGN through major mergetShen et al. 2007
Sivakoff et al. 2008 In contrast, galaxies in dense cluster environ-
ments have velocity dispersions which are too high to allowrtd
pairs Ghigna etal. 1998 This, combined with the greater ef-
fects of cluster processes for higher mass clusters mighlyithat
the AGN fraction should be lower in clusters compared to>gala
groups. In fact, several works find that the AGN fraction itegg
groups is higher than the AGN fraction in clusteg&wvakoff et al.
2008 Arnold et al. 20090h et al. 2014Ehlert et al. 2015though
the trend is relatively mild. In contrast, the fraction adisforming
galaxies in groups and clusters is comparable at low redshif
down to group masses of 10'3M (e.g.Jeltema et al. 20Q7
Balogh & McGee 2010Erfanianfar et al. 2014 though this frac-
tion appears to increase with redshift more strongly in lomeass
systems (e.gPoggianti et al. 200 rfanianfar et al. 2014

In this paper we investigate the X-ray AGN fraction in cluste
of galaxies discovered in the Dark Energy Survey Scienciitver
tion data. Clusters and their member galaxies are identifsugy
the redMaPPer algorithniRf/koff et al. 20142016 with redshifts
ranging from 0.1 to 0.95. We cross-match AGN detecteGlian-
dra observations overlapping the DES Science Verificationditdd
the cluster member galaxies identified by redMaPPer. Thate d
give us a large, uniformly selected sample of clusters witvice
range of optical richnesses and redshifts allowing us tbg&aGN
activity in clusters as a function of redshift and clusterssial he
outline of the paper is as follows: {2 and§3 we present the selec-
tion of cluster galaxies, the X-ray analysis, and the AGNstBdn;
84 describes the determination of the AGN fracti@b; the cor-
relations of AGN fraction with cluster redshift and massg ave
summarize our results §6.

2 CLUSTER GALAXY SAMPLE AND SELECTION

The Dark Energy Survey (DES) is covering 5000 ded of
the southern sky over a five year period in 5 bangsi{Y)
using DECam, a 570 megapixel imagdflgugher et al. 2015
Dark Energy Survey Collaboration et al. 2Q1én this paper, we
utilize clusters discovered in pre-survey Science Vetifice(SV)!
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quality cuts. The catalog includes more than 16,000 clestéth

richnesses ok > 5 and more than 1300 clusters with> 20.
redMaPPer assigns each galaxy in the vicinity of a cluster

a probability of being a cluster membeRykoff et al. 2014, the

redMaPPer member catalog includes all galaxies with a bibitya

of at least 1% of being a cluster member with the correspandin

cluster to which they likely belongRozo et al. 201p It should

be noted that redMaPPer primarily selects red cluster gedaas

galaxies are required to lie on or near the cluster red seguen

(Rozo et al. 2015 thus we are probing the fraction of red clus-

ter galaxies hosting AGN. Selection of blue cluster galedaethe

level of assigning individual galaxies cluster membersiaipnot be

done robustly from photometry alone. For high-luminosit§ M

in particular Cx > 10" erg s°') the selection of red galaxies

is expected to lead to some incompleteness in the AGN sample

as their visible-wavelength counterparts are more likelpe blue

(e.g.Martini et al. 2013.

In terms of aperture, redMaPPer determines a radial cugfor d
tected clusters which scales with cluster richness, andhémaber
catalog tabulates cluster member galaxies within thistaperin
this way, richer, more massive clusters are properly assi¢arger
radii. The radial cut and its scaling with richness are deieed
to minimize scatter in richness relative to other mass poXsee
Rykoff et al. 2012; thus, this radius is not directly analogous to an
overdensity radius such &%0om?. However, the redMaPPer ra-
dius, R, does cover a significant fraction éf2oom ranging from
Ry ~ 0.5 — 2R200m, depending on cluster richness and redshift
(see the mass-richness relation 8friet et al. 201pand the defi-
nition of R in (Rykoff et al. 2013).

For our analysis, we consider all galaxies in the member cat-
alog with luminosities greater than5L. in z-band. The member
catalog extends to somewhat lower luminosities, but thisecu
sures that the galaxy catalog is complete out to the highesbt r
shifts considered for our cluster sample. Hérg z) is calculated
using aBruzual & Charlot(2003 model to find the magnitude of
a galaxy with a single burst of star formationzat= 3 with solar
metallicity and Salpeter IMF and normalized the matchsthe z)
relation for the SDSS redMaPPer catalog at 0.2 (Rykoff et al.
2016. As discussed in Section 4, the number of cluster AGN and

observations taken with DECam between November 2012 and the number of cluster galaxies sampled are properly moetiilay
February 2013 and processed by the DES data management systheir redMaPPer membership probabilities in determinfregftac-
tem (Mohr et al. 2012 The fields targeted in SV include a 139 tion of cluster galaxies hosting X-ray active AGN. In totalpre
degd® contiguous region in the South Pole Telescope East field than 400 clusters and more than 6000 cluster galaxies brigfan

(Story et al. 2013 Vikram et al. 2015 Chang et al. 2015 super-
nova fields, and three targeted massive clustbteldhior et al.
2015. Clusters in this work were drawn from the250 deg SVA1

0.5L. fall within the Chandra observations used in our analysis.

Gold data much of which is close to the expected full depth of 3 X-RAY DATA REDUCTION AND ANALYSIS

the DES survey data. These data are suitable for extragasatt
ence and exclude portions of the SV data south©f° declination
where proximity to the Large Magellanic Cloud leads to hitgilar
densities.

We consider 103 archivaChandra ACIS-I or ACIS-S observa-
tions within the regions covered by DES &VThe data were re-
duced using standard analysis procedures using CIAO ve#sib

Clusters and their member galaxies were selected using the_(Fruscione et al. 2006 In brief, the data were reprocessed start-

red-sequence Matched-Filter Probabilistic PercolaticdlaP-
Per) algorithm Rykoff et al. 2014. The DES SV redMaPPer clus-
ter catalog is described Rykoff et al.(2016). As our study bene-
fits from increased sample size and does not require the rmanst c
servative data quality cuts, we consider the expanded rBida
catalog as described iRykoff et al. (2016 which includes clus-
ters with0.1 < z < 0.95 selected from a 208 décarea after

L https://des.ncsa.illinois.edu/releases/sval
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ing from the level 1 event file to apply the newest gain and gdar
transfer inefficiency (CTI) corrections and generate olzérn

specific bad pixel files. For observations taken in VFAINT mod
the background cleaning for very-faint mode data was agplie
Time periods contaminated by background flaring were dedect

2 The radius at which the cluster density is 200 times the measity of
the universe at a given redshift

3 For a sense of the coverage and depth of archival Chandrasdata
Evans et al(2010.
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and removed using thec _cl ean routine. We usevavdet ect ,

a wavelet source detection tool available in CIAO which aecds

for the point spread function of off-axis sources to deteerthe
number of point sources in the energy range 0.3-7.9 keV ih eac
observation; these point source lists form the basis of cBNA
candidates.

that the depth at each galaxy position was sufficient to detec
AGN of Lx = 10" erg cnT? s™* at the redshift of the cluster.
Each galaxy is assigned a probability of being a cluster mem-
ber by redMaPPer. The total probability of a galaxy being awme
ber of a given cluster is the product of the membership priibab

times the probability that the galaxy under consideratonat a

For each X-ray observation we cross matched detected X-ray member of a higher ranked clustef{s). We use this total prob-

point sources to DES redMaPPer cluster member galaxieg asin
2" match radius. X-ray sources were checked visually to ensure
that they were truly point-like rather than associated &dbre of

an X-ray bright cluster. This led to an initial sample of 162a¢
point sources associated to cluster member galaxies. \Weatst
the X-ray luminosity of each source in the rest-frame 0.8-keV

ability, though in practice>75% of our AGN host galaxies have
prree = 1 and all but one haveqee > 0.9. The number of clus-
ter AGN in a given redshift or richness bin is calculated &sshm
of the membership probabilities of the AGN host galaxies;fthc-
tion of cluster galaxies hosting AGN is then this sum divitbgdhe
sum of the membership probabilities of all galaxies withima@-

band based on its observed count rate and assuming a power lawdra observations of sufficient depth in the same redshificbness

spectrum with a photon index &f= 1.7 and correcting for Galac-
tic absorption; redshifts are taken to be the redMaPPerrdeted
photometric redshift of the host cluster. Source countsrate de-
termined in a circular region centered on the source withusad
ranging from 4-25" depending on position on the detectorcto a
count for the larger Chandra PSF at larger off-axis angleskB
ground count rates are estimated using a local annular bawkd
region with inner radii matching the source outer radius auigr
radii ranging from 8—40". Sources with a signal-to-noistorae-
low 3 were eliminated from our sample. To probe galaxiesthat
dergo a similar evolution, we eliminated galaxies with arithaut
AGN whose positions were located in the centers of theirngala
cluster as determined by redMaPPer. In this way, we are pgobi
AGN activity in satellite galaxies rather than central g&a whose
evolution is likely different. Additionally, eliminatinthese sources
concurrently reduces the chance thatvdet ect mistakenly de-
tected the diffuse emission of the cluster core as a pointceou
Outside of the central AGN, X-ray detected AGN in clustergeha
luminosities similar to local Seyfert and LINER galaxies.

To ensure uniform depth in the X-ray across the redshifteang
probed and given the varying depth of the archival X-ray olzse
tions, we made an additional cut on X-ray luminosity, limgithe
sample to sources withxy > 10" erg s* (0.3-7.9 keV band, rest
frame). After making cuts on X-ray luminosity, host galaxyrii-
nosity brighter thar.5L.. at the cluster redshift, eliminating cen-
tral galaxies and those with low signal-to-noise, we oladia final
sample of 33 AGN detected in a sample of more than 5600 galax-
ies. The properties of redMaPPer cluster galaxies host@dl A
our sample are listed in Table 1.

4 AGN FRACTION

The AGN fraction is simply defined as the fraction of clustaleg-

ies which host X-ray active AGN. In order to determine the AGN
fraction, we first need to know how many cluster galaxies were
actually sampled by the Chandra observations consideredl¥¥
need to properly account for the probability that a giverMaBPer
candidate cluster member galaxy is actually associatedlugster.
Taking the redMaPPer catalog of cluster members within ausad
R, and brighter thar0.5L., we determined which galaxies fell
within the field-of-view of an archival Chandra observatiés the
Chandra ACIS data is not of uniform depth across the field,uwe f
ther examined the exposure maps for each observation toesnsu

4 The astrometric accuracy of Chandra is typically bettern tiftad
arcsec with nearly all sources localized to better than I1searc
(http://cxc.harvard.edu/proposer/POG/)

range. The variances on the number of cluster AGN and nunfber o
total cluster galaxies are likewise calculated from the inership
probabilities based on the variance of the Bernoulli distiibn as

N
o’ => pi(1-p)
=0

where the sum runs over all AGN host galaxies or all clustenga
ies in the sample under consideration, respectively, agsktbrrors
are then propagated into the error on the AGN fraction.

5 RESULTSAND DISCUSSION

We now investigate how the fraction of cluster galaxies ingst
AGN depends on cluster redshift and richness. Our main teesul
are summarized in Table 2 and Figufeand?2. First, we consider
the AGN fraction as a function of redshift for three redshifis of
0.1 <2<04,04<2<0.7,0.7 < z < 1.0. For these bins and
including clusters of all richnesses the AGN fraction iraes by a
factor of 8.3 between the lowest and the highest redshif, lzind
the high redshift AGN fraction)(7 < z < 1.0) is greater than the
low redshift AGN fraction (.1 < z < 0.4) at3.60. To separate
the trend in redshift from any dependence of AGN fractionlos-c
ter mass, we also look at the AGN fraction for lo € A\ < 20)
and high richness)\ > 20) clusters separately. A = 20 clus-
ter has a mass offs00 ~ 10'* Mg while aX = 5 cluster has a
mass ofMsoo ~ 2 x 10 M (Rykoff et al. 2016. In terms of
velocity dispersion\ = 20, the boundary between our low and
high mass bins, corresponds to a cluster with~ 500 km s !
(Farahi et al. 201§ this corresponds well to the division between
group and cluster scale systemsAimold et al.(2009. The steep
increase in AGN fraction with redshift is also present inltive and
high-richness systems separately with a significancertetia2o
for the groups and better th@a for the clusters. Thus the trend of
a larger fraction of cluster galaxies hosting X-ray AGN ajh@r
redshifts holds regardless of cluster mass.

As can be seen in Figure most of the evolution in the AGN
fraction occurs for clusters at the highest redshifts in sample
with little or no evolution between the lowest redshift amder-
mediate redshift bins. The increase in cluster AGN actigityn-
creased redshift is similar to previous resuEagtman et al. 2007
Martini et al. 2009 2013. For exampleMartini et al. (2009 find
an increase by a factor of 7-8 in the cluster AGN fraction aver
similar, though slightly broader redshift range(b < z < 1.3)
with most of the increase stemming from clusters at 0.6. This
study employs similar X-ray luminosityl(x > 10*® erg s!, 2-
10 keV) and optical galaxy magnitude cuts/f(z) + 1) as our
work. Figure3 compares our results on the AGN fraction evolution

MNRAS 000, 000—-000 (0000)
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RA DEC Redshift ¢) | Cluster ID Richness X) P Prree Radius Lx

@) ) (h"*Mpc) | (ergs™t)
15.5915 —49.3596 0.76 16689 6.2 0.11 1 0.14 2.62E+43
15.64846 —49.4122 0.77 36215 7.7 0.02 1 0.58 1.52E+43
35.99583 —4.31834 0.92 29626 5.1 0.07 0.91 0.50 3.70E+43
36.33743 —4.54087 0.85 12659 10.5 0.16 1 0.44 4.40E+43
64.24188 —47.8744 0.60 313 5.8 0.13 0.93 0.12 2.37TE+43
66.4759 —54.9158 0.64 20 90.1 0.06 1 0.44 3.34E+43
67.1305 —53.8017 0.28 275 36.2 0.23 1 0.60 1.27E+43
70.4522 —48.9130 0.81 45 86.8 0.96 1 0.20 2.02E+43
70.45632 —48.8609 0.79 7417 7.8 0.03 0.98 0.22 2.26E+43
71.31361 —58.818 0.44 24853 54 0.40 1 0.53 1.07E+43
71.50422 —58.78 0.58 4710 13.3 0.58 1 0.26 1.47E+43
71.6578 —48.5762 0.77 353 47.2 0.48 1 0.55 4.69E+43
71.6789 —48.6007 0.77 353 47.2 0.05 1 0.82 1.60E+43
71.8516 —58.9019 0.68 571 38.6 0.05 1 0.75 1.72E+43
77.3753 —53.6786 0.46 269 54.6 0.83 1 0.43 1.29E+43
104.3816 —55.9587 0.63 18380 8.1 0.26 1 0.68 2.08E+43
104.515 —56.0205 0.30 1 280.6 0.70 1 1.14 1.02E+43
149.7007 2.40267 0.43 10099 12.2 0.08 1 0.13 2.73E+44
149.926 2.52635 0.71 74 79.6 0.97 1 0.05 1.01E+43
149.9366 2.67964 0.91 21429 10.8 0.01 0.98 0.50 1.40E+44
149.9576 2.39579 0.940 17879 9.0 0.17 1 0.36 2.34E+43
150.0303 2.35874 0.78 39122 5.7 0.73 1 0.11 1.39E+43
150.0487 2.32214 0.77 27256 5.6 0.06 0.98 0.36 1.32E+43
150.1893 2.60665 0.91 5322 18.8 0.02 1 0.55 5.65E+43
150.1991 2.59767 0.91 5322 18.8 0.57 1 0.73 3.29E+43
150.4058 2.51809 0.89 33128 8.0 0.01 1 0.15 2.36E+43
150.4228 2.12875 0.91 17188 9.5 0.06 1 0.61 1.15E+43
150.4354 2.1428 0.91 17188 9.5 0.03 1 0.29 2.70E+43
150.504 2.22447 0.84 9472 15.1 0.94 1 0.02 5.85E+43
150.5376 2.18815 0.90 16068 5.9 0.45 0.99 0.22 3.72E+43
150.5404 2.16791 0.90 16068 5.9 0.20 0.63 0.53 2.76E+43
150.5731 2.20353 0.85 12575 11.4 0.07 1 0.29 1.78E+43
150.6348 2.1657 0.92 40590 7.2 0.02 1 0.42 5.58E+43

Table 1. Properties of galaxies hosting X-ray detected AGN in theviaePer SVA1 expanded catalog which meet our X-ray and dgtiaginosity com-
pleteness cutsl(x > 10%3 erg s~ and host galaxy luminosity brighter thars L.. in z-band). Columns 3-5 give the redshift, ID, and richnesth® host
cluster from the redMaPPer catalog. The photometric rédshtcertainty iso» /(1 + z) ~ 0.01 over most of the redshift range probed rising<d.02 at the
highest redshiftsRykoff et al. 201¢. The product of columns 6 and 7 give the probability thatA@N host galaxy is a member of the cluster as discussed
in §4. Column 8 gives the projected radial distance of the hdsixgdrom the redMaPPer determined central cluster galamg, column 9 gives the X-ray

luminosity assuming a power law spectrum with a slbpe 1.7.

Richness Cut Redshift Bin [ AGN Fraction | o NaGN Ngal Nels
A>5 0.1—-04 0.0011 0.0007 || 2 1611 116
0.4—0.7 0.0026 0.0011 || 8 2072 180
0.7—1.0 0.0091 0.0021 || 23 1946 136
A > 20 0.1—-0.4 0.0016 0.0010 || 2 834 22
0.4—0.7 0.0021 0.0011 || 3 767 29
0.7—-1.0 0.0109 0.0027 || 4 398 11
5<A<20 0.1-04 0 — 0 e 94
0.4—0.7 0.0031 0.0020 || 5 1305 151
0.7—-1.0 0.0081 0.0028 || 19 1548 125

Table 2. AGN fraction results. Columns 3 and 4 list the AGN fractiorddrr uncertainty in three redshift bin.( < z < 0.4,04 < z < 0.7, and
0.7 < z < 1.0) for varying cluster richness cuts. Columns 5-7 give the Imemof AGN, number of galaxies, and number of clusters in dachNote
that these raw numbers have not been adjusted by the galaxypenship probabilities. The membership probabilitiesehlagen correctly accounted for in

calculating the AGN fractions.

to those ofMartini et al. (2009 andMartini et al.(2013; here we
plot the AGN fractions only for higher-richness,> 20 redMaP-
Per clusters as the samplesMértini et al. (2009 2013 include
primarily relatively massive systems. Within the uncentiais, our
AGN fractions are in excellent agreement with these prev/giud-
ies despite the different selection of clusters and clugdaxies.
Even with the very small area and thus limited cluster sarfipla

MNRAS 000, 000—-000 (0000)

DES SV the uncertainties on our AGN fractions are compartble
or better than previous results. Upcoming Year 1 throughr 8ea
DES cluster samples will allow us to trace the evolution iusel

ter AGN populations with unprecedented precision. An aodidl
advantage of the current study is the uniform cluster andtetu
member selection afforded by the DES data as well as the-exten
sion to lower richness/mass systems compared to previotkss wo
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Figure 1. Evolution of the AGN fraction in clusters from = 0.1t0 z =
1.0, all AGN with X-ray luminosity thresholds of x > 10*3ergs—!, in
3 redshift bins ofz < 0.4,0.4 < z < 0.7,0.7 < z < 1.0, for AGN in
high mass clusters X > 20, blue diamonds), AGN in low mass clusters
(A < 20, red triangles), and AGN in clusters of all masses % 5, black
crosses). Points have been slightly offset in the x diradiio visual clarity.

0.010¢[ T
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Figure 2. Evolution of the AGN fraction in clusters\(> 20) and groups
(A < 20) for high redshift ¢ > 0.5, blue diamonds), low redshift:(<
0.5, red triangles), and all redshift AGN (black crosses). Boirave been
slightly offset in the x direction for visual clarity.

Table 2 and Figuré also show that the AGN fractions in each
redshift bin for our sample are comparable for high and |ak-ri
ness clusters, which implies that the fraction of galaxiesting
AGN is not heavily dependent on the cluster mass. This iseenid
in Figure2, which shows the AGN fraction for high\(> 20) and
low richness & < 20) clusters at all redshifts and separately at
low (z < 0.5) and high ¢ > 0.5) redshifts. There is no statistically
significant difference in the AGN fractions in low and higbhhess
systems at any redshift.

The lack of an observed trend in AGN activity with cluster
mass is contrary to previous observations claiming a higtt&
fraction in lower mass systemSifakoff et al. 2008 Arnold et al.
2009 Oh et al. 2014 For exampleArnold et al. (2009 find that

0.020[ T T
I | A this paper
[ | © Martini et al. (2009) ]
0.015F | © Martini et al. (2013) -
C L |
.0
= [ ]
S 0.010F B
[ r 4
z
O
<
0.005 ¥ %} -
0.000} . . ]
0 0.5 1

Figure 3. Comparison of the evolution of the AGN fraction in clusterighw
redshift in our sample and in previous work. For all samptdg AGN with
X-ray luminosity of L x > 10%3 erg s™! are included. The results of this
paper are shown in black, for three separate redshift birslof< z <
0.4,0.4 < z < 0.7,0.7 < z < 1.0 (black filled triangles). Also shown
are the AGN fraction foMartini et al. (2009 for z-bins 0f0.05 < z <
0.3,0.3 < z < 0.6,0.6 < z < 1.3 (blue diamonds) and the results of
Martini et al. (2013 for z < 0.5 and0.5 < z < 1.0 (red diamonds). Here
we show the results for our sample for clusters with a ricerteseshold
of A > 20 as the samples dflartini et al. (2009 2013 include primarily
more massive systems.

groups at very low redshift§)(02 < z < 0.06) have an AGN frac-
tion a factor of two higher than clusters at mild significa(®8%),
while Oh et al.(2014) finds a similar factor of two difference in the
AGN fractions of groups and clusters at higher redshifts-(0.7).

A mild, factor of two difference in AGN fraction between lowe
and higher mass systems is allowable within our errors s,
there are also major differences between these previoukestu
and oursArnold et al.(2009 considers groups at lower redshifts
than our sample and AGN with X-ray luminosities up to two or-
ders of magnitude fainter than we use hefig (> 10*! erg cnm?
s!); Oh et al.(2014 also considers fainter AGN than our study
(Lx > 10" ergenm 2 s71), and both papers sample X-ray selected
groups. X-ray selection requires a dense, collapsed sygielmthat
there is detectable emission from a hot intragroup mediuthmaey
not select systems with similar dynamical states to selediased
on galaxy content, particularly at the low-mass end. Fonmte,

in a small sample of low-redshift, low-mass groups selestiad
optical spectroscopyshen et al(2007 find indications of a high
fraction of optical emission-line selected AGN and a lowacfion

of X-ray AGN compared to X-ray luminous groups.

If galaxy-galaxy mergers contribute significantly to thegr
ence of AGN activity, one might expect a larger AGN fraction
in group scale systems where the smaller velocity dispessad
galaxy members make them more susceptible to mergers. in par
ticular, a higher merger rate could significantly enhaneerthm-
ber of high-luminosity AGN (e.gHopkins et al. 2008 In con-
trast, our present results suggest that galaxy mergerscargig:
nificant enough to enhance AGN activity in these systemsdisee
Villforth et al. 2014. With the order of magnitude larger cluster
samples soon to be available from DES Years 1-3, we expeet to b
able to conclusively test the correlation of AGN activitythvclus-
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ter mass. Given the overlap with existing Chandra data weaxp
to sample a factor of 10-20 more clusters with these data.

As discussed ir§2, cluster members in our study are se-
lected to lie on or near the red-sequence, and therefore GIN A
sample does not include AGN hosted by bluer cluster galaxies
Interestingly, Figure 3 shows that the AGN fractions we mea-
sure are consistent within the uncertainties with previetisl-
ies where cluster membership was primarily determined hase
on spectroscopy. X-ray detected AGN in the field tend to be de-
tected in redder, more massive galaxies than the total gqleg-
ulation at the same redshifts; however, compared to gaaddie
similar stellar mass, X-ray AGN hosts have a similar disttiitn
of colors (e.g.Brandt & Alexander 2015Bongiorno et al. 2012
Rosario et al. 2013 The fraction of blue versus red galaxies host-
ing X-ray AGN in clusters is less clear as there is little diata
the literature at similar redshifts to our study. At sometigher
redshifts than those considered here<{ 1 — 1.5), Martini et al.
(2013 find that about half of their 11 X-ray detected, cluster AGN
have blue host galaxy colors. In general, high-redshifstelts
contain a higher fraction of blue galaxies than low-redstliifis-
ters with the blue fraction reaching roughly 50%-zat= 1 (e.g.
Hennig et al. 201 and in fact, the AGN fraction and the fraction
of star-forming galaxies in clusters increase with redstisimilar
rates Martini et al. 2013. If the fraction of blue cluster galaxies
is similar to the fraction of cluster AGN in blue galaxies nhe
total AGN fraction will not change substantially by incladithese
sources, which is at least qualitatively consistent wittatvie find.
What is clear is that the fraction of red cluster galaxiestings
AGN increases substantially with redshift, and both the AiGix-
tions and the rate of evolution we find are similar to previstusl-
ies.

6 CONCLUSIONS

We study the X-ray luminous AGN populations in clusters déga
ies observed in DES Science Verification. Specifically, warce
for X-ray point sources in archival Chandra data associafital
cluster member galaxies from the DES SVAL expanded cluater ¢
alog for clusters over a large richness/mass range. Usiragm s
ple of 33 X-ray detected AGN associated with red-sequencste
member galaxies meeting our X-ray and optical luminosityneo
pleteness cutsl(x > 10*® erg s'! and host galaxy luminosity
brighter thar0.5L.. in z-band), we find that the fraction of cluster
galaxies hosting AGN increases strongly with redshift. N
fraction increases sharply to about 1% for> 0.7 with mild to
no evolution at lower redshifts. Our results are in good agrent
with previous studies using smaller cluster samplessfman et al.
2007 Martini et al. 2009 2013. The increase in AGN activity in
clusters mirrors the increase in star formation in clustaliax:
ies over the same redshift range (eButcher & Oemler 1984
Poggianti et al. 2006Saintonge et al. 2008Haines etal. 2009
Erfanianfar et al. 2014 We do not, however, find any significant
trend in AGN fraction with cluster richness in any redshifi.b

The strong increase in the cluster AGN population with red-
shift is a systematic effect that may have important impicres
for cluster selection in X-ray, e.g. for the future eROSITAsm
sion (Merloni et al. 2012, and via the Sunyaev-Zeldovich Effect
for radio-loud AGN Gupta et al. 2016Kosyra et al. 2015 The
data employed here represent orly4% of the area that will be
covered by the full DES survey; with the full survey we willuth
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be able to trace with high accuracy cluster AGN populatiom$ a
their correlation to mass and redshift.
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