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The third catalog of active galactic nuclei (AGNs) detedigdhe Fermi Large Area Telescope
(BLAC) is presented. It is based on the third catalog (3F@) $f sources detected with a test
statistic greater than 25, using the first 4 years of data. 3L#& includes 1591 AGNs located
at high (b| > 10°) Galactic latitudes (with 28 duplicate associations, tbarsesponding to 1563
gamma-ray sources among 2192 sources in the 3FGL catalog)dimg 71% more sources with
respect to the 2FGL. Various properties, such as gammatragsfland photon power law spectral
indices, redshifts, gamma-ray luminosities, variabiland their correlations are presented and
discussed for the different blazar and non-blazar classes.
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1. Introduction

Since its launch in 2008, tHeermi-LAT has revolutionised our knowledge of the gamma-ray
sky above 100 MeV. Its unigue combination of high sensitjwtide field of view, large energy
range, and nominal sky-survey operating mode has enablechplete mapping and continuous
monitoring of the gamma-ray sky to an unprecedented levelefal catalogs and sources lists,
both general and specialized (AGNSs, pulsars, supernovaaets, pulsar wind nebulae, gamma-
ray bursts, very-high-energy candidates) have already pemluced. These constitute important
resources to the astronomical community. The successivid KsEs and catalogs, LBAS (LAT
Bright AGN Sample[2]), 1LAC [3] and 2LAC [4, 5], first and sewb LAT AGN catalogs respec-
tively, have triggered numerous population studies, gedisuitable samples, e.g., to probe the
Extragalactic Background Light, offered suitable targslto investigate the dichotomy between
gamma-ray loud and gamma-ray quiet blazars at other waythignand serve as references for
works on individual sources.

Here we present the third catalog of AGNs detected byRimeni-LAT after four years of
operation (3LAC [6]). It makes use of the results of the 3FGitatog [1] which includes 3033
sources with a Test Statisti¢TS greater than 25. Among them, 2192 sources are detected at
|b| > 10° whereb is the Galactic latitude. Among these 2192, 1563 (71%) asecisted with
high confidence with 1591 AGNs, which constitute the 3LACeT3LAC represents a sizeable
improvement over the 2LAC as it includes 71% more source91(Ms. 928) with an updated
data analysis. We will briefly review the association/dksation procedure and then present the
properties of the 3LAC sample. We will refer the reader to3R&L paper for technical details
regarding the LAT data analysis.

2. Source association and classification

We use the same two association methods used in the 2LACayesin Association Method
and Likelihood Ratio Method. We apply the Bayesian AssamiaiMethod [7] to catalogs of
sources that were already classified and/or characterizbdse catalogs come from specific in-
struments providing information on the spectrum and/oatband emission. If a catalog reports
an AGN classification, that is used. Otherwise the classificas made according to the criteria
described below. This powerful method, however, cannot wéh large all-sky surveys, which
would be too computationally intensive. Therefore, to ievathe possibility of associating a can-
didate AGN knowing its broadband emission characterisé@added the Likelihood Ratio Method
[4]. This method can handle large uniform all-sky surveys ke the source space-density distri-
bution into account. In the case of general radio or X-rayeys, including AGN and non-AGN
sources, the classification procedure is the same as forahesin Association Method.

The adopted threshold for the association probability 8 0n either method. This value
represents a compromise between association efficiencgaityl.

1we use the Test StatisticS= 2AlogL for quantifying how significantly a source emerges from thekground,
comparing the likelihood functioh with and without that source.
2see [5] for a 2LAC Erratum. The corrected 2LAC full and cleamsles include 929 and 827 sources, respectively.
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The fraction of sources associated by both methods is 71%0(1%91), 379 and 62 sources
being solely associated with the Bayesian and LR methogecésely.

The overall false-positive rate is 1.9%. The estimated remobfalse positives among the 571
sources not previously detected in 2FGL and previous LA&logs is 12.0 (2.1%).

To define the criteria that a source must fulfill to be congdeas an AGN, the ingredients
are primarily the optical spectrum and to a lesser extergratharacteristics such as radio loud-
ness, flat/steep radio spectrum between 1.4 GHz and 5 GHarllod emission, variability, and
polarisation.

Besides the traditional optical classification (FSRQ, BlcLetc.) based on the strength of
emission lines (only possible when a good quality spectrsiravailable), an SED classification
based on the position of the synchrotron peak into low-rimégliate-, and high-synchrotron peaked
sources was made using a human-controlled fit for each sidlsédually. In addition, sources
with some properties typical of blazars (blazars of unaefttansitional type, flat radio spectrum
typical two-humped spectral energy distribution) wereelldd as blazar candidates of unknown
type (BCUSs). In this new fit, some sources changed SED cleatdn with respect to the2LAC,
where the procedure was run in a fully automatic way.

2.1 Census

The 3LAC includes 1591 objects with 467 FSRQs, 632 BL Lac6,B6Us and 32 non-blazar
AGNSs. The latter comprise 12 FR |, 3 FR 1l, 8 steep spectrunpradurces and 5 Narrow Line
Radio Loud Seyfert 1 galaxies. A total of 1563 gamma-ray cesithave been associated with
radio-loud AGNs among 219b| > 10° 3FGL sources, corresponding to an overall association
fraction of 72%.

As in previous LAC catalog versions, we define a Clean Samyplexsluding sources that
have any of the 3FGL analysis flags set and excluding the phedtissociation sources. It includes
1444 objects with 414 FSRQs, 604 BL Lacs, 402 BCUs and 24 herabAGNS.

A comparison of the results inferred from the 3LAC and 2LAGIgles the following obser-
vations:

e The 3LAC Clean Sample includes 619 more sources than the ZCk@n Sample, i.e., a
75% increase. Of these, 477 sources are new (81 FSRQs, 14Gé&d, R40 blazars of
unknown type, 10 non-blazar objects); the other sources p&sent in previouSermicat-
alogs but not included in Clean Samples for various reasmgs, the corresponding gamma-
ray sources were not associated with AGNs, had more thanamgearpart or were flagged
in the analysis).

e The fraction of blazars of unknown type (BCU) has increasstdhly between the two cat-
alogs (from 20% to 28%). The number of these sources in theC3CAean Sample has
increased by more than a factor of 2.5 relative to that in th&@Clean Sample, being al-
most equal to the number of FSRQs. This increase is mainlyaltie lower probability of
having a published high-quality spectrum available fosth&inter sources because of the
lack of optical observing programs.
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e The relative increase in BCUs drives a drop in the propostioh FSRQs and BL Lacs,
which only represent 29% and 41% of the 3LAC Clean Samplesatisely (38% and 48%
for 2LAC). The relative increase in the number of source$wéspect to 2LAC is 34% and
42% for FSRQs and BL Lacs respectively.

e Out of 827 sources in the 2LAC Clean Sample, a total of 69 assing in the 3LAC Clean
Sample (42 in the full sample), some of them probably due t@bdity effects. A few
others are present in 3FGL but with shifted positions, gulnit their association with their
former counterparts.

2.2 Low-Latitude AGNs

Because of the intrinsic incompleteness of the countegadaiogs in this sky aref( < 10°),
these sources are treated separately and are not includeel 3L AC. We report associations for
182 blazars (75% more than in 2LAC) locatedldt< 10° : 24 FSRQs, 30 BL Lacs, 125 BCUs
and 3 non-blazar AGNs. Extrapolating from the number of Hagliude sources and assuming
the same sensitivity, about 340 sources would be expecttidsimrea. The discrepancy between
expected and actual source numbers stems from the dud eff@bigher detection threshold due
to a higher Galactic diffuse emission background and a higttwmpleteness of the counterpart
catalogs for this area.

3. Properties of 3LAC Sources

3.1 Flux and Photon Spectral Index

The newly-detected FSRQs are slightly softer than the 2LA€5¢2.53-0.03 vs. 2.410.01),
indicating that the LAT gradually detects more lower engpoggaked blazars. In contrast, there is no
significant spectral difference between the two sets of BtsLdor BCUs, the distribution of the
new sources extends further out on the high-index €negZ.4), where the overlap with the BL Lac
distribution becomes very small. The corresponding sauseem likely to be FSRQs. The strong
anticorrelation between the position of the synchrotroakp%eak and the photon spectral index
for FSRQs and BL Lacs is confirmed. A similar trend is actualbgerved for BCUs supporting
the idea that BCUs with Iovw?eak and highl" are likely FSRQs, while the rest would mostly be
BL Lacs.

3.2 Redshift

The redshift distributions are fairly similar, althougtethewly detected FSRQs are located
at slightly higher redshift than the 2LAC one&)c1.33+0.08 vs. 1.1#£0.03). The maximum
redshift for an FSRQ is still 3.1 (four FSRQs have 284 <3.1) and has not changed since the
1LAC. This trend allowed the conclusion that the number g FSRQs grows dramatically up
to redshift~0.5-2.0 and declines thereafter [8].

The redshift distribution of new BL Lacs is somewhat narrothan that of the 2LAC sources,
with a maximum near z=0.3. The redshift distributions gedlyuspread out to higher redshifts
when moving from HSP-BL Lacs to LSP-BL Lacs, a feature alyesekn in 2LAC. However, the
HSP distribution extends to higher redshifts relative taA2L. with four HSPs having measured
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redshifts greater than 1 and one having a redshift greasgr 2h Three of these four HSPs were
already included in 2LAC but either lacked measured retisbif were classified differently.

Among BL Lacs, 309 have a measured redshift, while 295 do Tibe fraction of BL Lacs
without redshift is 55%, 61% and 40% for LSPs, ISPs and HS§=eively. However, [9] have
provided redshift constraints for 134 2LAC BL Lacs: uppenits from the absence of lay ab-
sorption for all of them and lower limits from non-detectiofithe host galaxy or from intervening
absorption line systems for a subset of 57 objects. It wasdhby these authors that the average
lower limit exceeded the average measured redshift for Bis| adicating that the measured red-
shifts are biased low. The redshift ranges are very sinlaitfe different subclasses and all cluster
at high redshifts, with a median aroumdl1.2. This is in good agreement with the predictions of
[10].

3.3 Luminosity

Sources with high gamma-ray luminosity (mostly FSRQs) atnfl to have softer spectra
on the average than low-luminosity sources (mostly BL Lad$)is correlation has been widely
discussed in the context of the “blazar divide” or “blazagquence” . Because of the redshift
bias mentioned above, the HSPs with both limits are moredans on average than those with
measured redshifts, thus populating a previously scamedypied area in the,-I" diagram. This
observation has profound consequences for the blazar megjueNote that [11] found a small
but significant correlation between gamma-ray luminosity apectral index when including the
redshift constraints from [9].

3.4 Spectral curvature

First observed for 3C 454.3 [12] early in tRermimission, a significant curvature in the en-
ergy spectra of many bright FSRQs and some bright LSP-/IBR&8s is now a well-established
feature [3]. The break energy obtained from a broken poaerfit has been found to be remark-
ably constant as a function of flux, at least for 3C 454.3. 8dexplanations have been proposed
to account for this feature, including attenuation from He line photons [13], intrinsic electron
spectral breaks [12], Ly scattering [14], Klein-Nishina effects taking place when ¢lectrons
scatter BLR radiation in a near-equipartition approach laylrid scattering [15]. The level of
curvature has been observed to diminish during some flares.

A total of 91 FSRQs (57 in 2LAC), 32 BL Lacs (12 in 2LAC) and 8 BEkhow significant
curvature at a confidence levebB9%.

3.5 Variability

Variability is a key feature of blazars. The 3FGL monthlyhligcurves provide a baseline
reference against which other analyses can be cross-chackkenable cross-correlation studies
with data obtained at other wavelengths. Although variigtdlt essentially all time scales has been
observed in blazars, the monthly binning represents a wHdsetween a shorter binning needed
to resolve flares in bright sources and a longer binning reduio detect faint sources. Even so,
only 15 sources are detected in all 48 bins with monthly §icemiceT S>25, while this number
becomes 46 if a relaxed conditidS >4 is required.
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The features already reported in 2LAC are again visible) witarge fraction of FSRQs found
to be variable (69%), with the fraction for BL Lacs much lowmr average (23%) and with a
steadily decreasing trend aﬁeak rises (39%, 23%, 15% for LSPs, ISPs and HSPs respectively).
These fractions are quite similar to those reported in 2Ld&3pite the larger population and longer
time span of the light curves. A similar trend between valiighindex and vy, is observed for
blazars of unknown type with 21% of them found to be variable.

4. Multiwavelength Properties of 3LAC Sources

It was shown in 2LAC that the LAT-detected blazars displayaserage larger radio fluxes
than non-detected blazars and that they are all bright iroghieal. We focus on the connection
with the two neighboring bands, namely the hard X-rays ardHE bands.

A total of 85 3LAC sources are in common with tBeviftBAT 70-month survey [16] in the 14-
195 keV band performed between December 2004 and Septe@b@(tbere were 47 in 2LAC).
These 85 sources include 34 FSRQs with an average redsHif8e£0.15. Only 9 BAT FSRQs
are missing from 3LAC. Out of 37 BAT BL Lacs, 30 have now beetedd with the LAT.

It is also worth noting that 96 3LAC sources (5 Radio Galax&s FSRQs, 33 BL Lacs, 4
BCUs, 1 NLSy1) are present in the V38 INTEGRAL source catloghich includes 540 AGNs
located atb| > 10°.

At the time of writing, some 56 AGNs which have been detectele® energies are listed in
TeVCat®. Among them, 55 are present in 3FGL, which is a remarkableltresderscoring the
level of synergy that has now been achieved between thedrighgy and VHE domains. Only 28
out of the 55 3FGL sources are seen to be variable in the LAggmange at a significance greater
than 99%.

5. Discussion

5.1 Gamma-ray detected versus non-detected blazars

The blazars detected in gamma rays after 4 years of LAT dparegpresent a sizeable frac-
tion of the whole population of known blazars as listed in BACBZCAT represents an exhaustive
list of sources ever classified as blazars but is by no meanglete. Although a comparison be-
tween the gamma-ray detected and non-detected blazais thigh sample has no strong statistical
significance in terms of relative weights, it is neverthglaseful to look for general trends.

The overall LAT-detected fraction is 24% (409/1707) for KBR 44% (543/1221) for BL
Lacs and 27% (59/221) for BCUs. The redshift distributiores guite similar for the two subsets
although the distribution for the blazars undetected byLtA€ extends to significantly higher
redshifts. The highest-redshift BZCAT sources (56 hav8.4 reaching z=5.47) are still eluding
detection by the LAT.

The similarity of the redshift or flux distributions (radioptical and X-ray band) between
the detected and non-detected sets of blazars supportsrifexiure that they belong to the same
population of sources intermittently shining in gamma rays

Shttp://www.isdc.unige.ch/integral/science/catalogue
“http://tevcat.uchicago.edu
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6. Conclusions

We have presented the third catalog of LAT-detected AGN#@),. based on 48 months of
LAT data. This is an improvement over the 1LAC (11 months abjl@and 2LAC (24 months
of data) also in terms of data quality and analysis methodsy résults from the 3LAC sample
include:

1. Anincrease of 71% in the number of blazars relative to 2li\@ssociated with the two-
fold increase in exposure.

2. A significant increase of the non-blazar population isnfbwith respect to previous cat-
alogs. The new sources include: two FRIIs, three FRIs and $8RQs. However other sources
reported in previous catalogs are now missing.

3. A large fraction £ 75%) of Swift hard X-ray BAT-detected blazars and all but one TeV-
detected AGNs have now been detected byFRdreni-LAT.

4. The most distant 3LAC blazar is the same as in 1LAC and 2LIACS 0537286 lying
at z=3.1. Although 50% of the BL Lacs still do not have meagduedshifts, upper limits have
recently been obtained for 134 2LAC sources and lower lirmgswvell for 57 of them. These
constraints indicate that the measured redshifts aredlasefor BL Lacs. Using the luminosities
derived from these constraints, the sources populate @psdy scarcely occupied area in the
diagram, somewhat undermining the picture of the blazanessce.

5. Along the same lines, a few rare outliers (four high-luosity HSP BL Lacs and two
HSP FSRQs) are included in the 3LAC, while they were missmgLAC. The high-luminosity
HSP-BL Lacs exhibit Compton dominance values similar tokii of that class.

6. The main properties of blazars previously reported in Clakd 2LAC are confirmed. The
average photon index, gamma-ray luminosity, flux varighilspectral curvature monotonically
evolve from FSRQs to HSP BL Lacs with LSP- and ISP-BL Lacs shguntermediate behavior.

7. No strong differences in the radio, optical and X-ray flistributions are observed between
gamma-ray detected and non-detected BZCAT blazars. Thisige that essentially all known
blazars could eventually shine in gamma rays at LAT-dedadgvels. A larger fraction (44%) of
the known BL Lacs than FSRQs (24%) has been detected so fadutk cycle of FSRQs appears
to be longer than four years.

The 3LAC catalog is intended to serve as a valuable resoaraelietter understanding of the
gamma-ray loud AGNs. The next LAT AGN catalog will benefitrfrahe improved Pass 8 data
selection and IRFs [17]. Pass 8 is the result of a comprelemnsvision of the entire event-level
analysis, based on the experience gained in the prime phdse mission. The gain in effective
area at the low end of the LAT energy range will be particyladtable. The 4LAC catalog is thus
expected to include a non-incremental number of new, ealbesbft-spectrum AGNSs.
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