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The second catalog of active galactic nuclei (AGNSs) detkbtethe Fermi Large Area Telescope
(LAT) in two years of scientific operation is presented. Tlee&hd LAT AGN Catalog (2LAC)
includes 1017%-ray sources located at high Galactic latitudeslsgb) > 10deg) that are detected
with a test statistic (TS) greater than 25 and associatédtitally with AGNs. Consequently
we define &Cleansample which includes 886 AGNs, comprising 395 BL Lacertajeats (BL
Lacs), 310 flat-spectrum radio quasars (FSRQs), 157 caeditiezars of unknown type (i.e., with
broad-band blazar characteristics but with no optical spemeasurement yet), eight misaligned
AGNs, four narrow-line Seyfert 1 (NLS1s), 10 AGNs of othepéy and two starburst galax-
ies. The full characterization of the newly detected sosikg#l require more broad-band data.
Various properties, such asray fluxes and photon power law spectral indices, redshtay
luminosities, variability, and archival radio luminosii and their correlations are presented and
discussed for the different blazar classes. The generaldrebserved in 1LAC are confirmed.
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1. Source Association Methods and Classification

The LAT localization accuracy is not precise enough to peth@ determination of a lower
energy counterpart based only on positional coincidena=a$¥ert a firm counterpart identification
only if the variability detected by the LAT corresponds witiriability at other wavelengths. In
order to improve over the results of 1LAC by including theamf radio sources, the association
procedure for building the 2LAC list makes use of three défé methods: the Bayesian Method
(used in 1IFGL/1LAC) and two additional methods, namely tieelihood Ratio Method and the
log Nlog SMethod. For a counterpart to be considered as associaseaissbciation probability
must be > 0.8 for at least one method. The two additional naistimoprove the association results
through the use of physical properties of the candidate teoparts, such as the surface density
and the spectral shape in the radio energy band, in additidhet positional coincidence with
the y—ray source. Considering potential counterparts with loveglio flux enables more high-
synchrotron peaked BL Lacs to be selected but the number BfJsSs also increased. This is
achieved through the use of surveys and serendipitous fjadas the available catalogs (used by
the Bayesian Method) are not deep enough. The ingrediertseaflassification procedure are
optical spectrum or other blazar characteristics.

To classify a source optically we made use of, in decreasidgraf precedence: optical spectra
from our intensive follow-up programs, the BZCAT list (i.:SRQs and BL Lacs in this list),
spectra available in the literature. If an optical spectmras not available, we looked for the
evidence of typical blazar characteristics, such as ramlidriess, a flat radio spectrum at least
between 1.4 GHz and 5 GHz, broad band emission. We definedbisses as follow:

e FSRQ, BL Lac, radio galaxy, steep-spectrum radio quasaR(®SSeyfert, NLS1, starburst
galaxy for sources with well-established classes in liteeaand/or through an optical spec-
trum with a good evaluation of emission lines.

¢ AGU — for blazar-like sources without a good optical spectrum

e AGN — this class is more generic than AGU. These sources are nfitroed blazars.

2. Source Properties

2.1 SED Classification

As in 1LAC, we classify blazars also based on the synchrgbesak frequency of the broad-
band SED [Abdo et al. 2010]. This scheme extends to all kdathar standard classification system
introduced by [Padovani & Giommi 1995] for BL Lacs. We estim¢he synchrotron peak fre-
quencyvpsea,c using the broadband indices, (between 5 GHz and 5000 A) arm}, (between
5000 A and 1 keV). However, looking at the whole sample we esmntBat the two classes of ob-
jects have different distributions. For FSRQs, the ave(&@vgeak} obtained in the 2LACClean
Sample is 13.02£0.35 while BL Lacs spread the whole parameter space from lowP}Li8 the
highest frequencies (HSP). These results are consistémthwaise presented in [Abdo et al. 2010]
and in [Giommi et al. 2011]. The photon index is plotted verthe frequency of the synchrotron
peak in Figure 1. A relatively strong correlation betweeesthtwo parameters, again reported

earlier [Abdo et al. 2009, Abdo et al. 2010] is observed.
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Photon spectral index

Figure 1: Photon index versus frequency of the synchrotron ptﬁggg( Red: FSRQs, green: LSP-BL Lacs,
light blue: ISP-BL Lacs, dark blue: HSP-BL Lacs.

2.2 Non-Blazar Objects and Misaligned AGNs

Non-blazary-ray AGN (those not classified as FSRQs, BL Lacs, or as AGU}titoiees a
small fraction of sources in the 2LAG-( 3%). The main part of there AGN are radio galaxies,
the 2LAC contains in particular two new radio galaxies: @entis B and Fornax A, associated
to 2FGL J13466 — 6027 and EGL J03224 — 3717, respectively. The 2LAC also includes the
detection of EGL J03166+ 4119 associated with the head-tail radio galé®y3810 whose spec-
trum extends up to VHE. The emission from starburst-galagyevalready detected in the case of
M 82,NGC253,NGC 1068 andNGC4945 in the first year of operation and confirmed with better
localization in the second one. The low-probability asatien of IFGL J1307.0— 4030 with the
nearby Seyfert galaxiz SO323— G77 is confirmed with EGL J13069—4028. No new radio-loud
narrow-line Seyfert 1 galaxies beyond those four detectalea 1st year [Abdo et al. 2009].

2.3 Flux and Photon Spectral Index Distributions

The photon index is plotted versus the mean flux-{BO MeV) in Figure 2, along with an
estimate of the flux limit. The flux limit strongly depends dwtphoton index as harder sources
are easier to discriminate against the background, whigheégo the narrowing of the point-spread
function (PSF) of the LAT with increasing energy and to tHatiee softness of the diffuse Galactic
y-ray emission. In contrast, the limit in energy flux above M¥V is almost independent of the
photon index as illustrated in Figure 2.

2.4 Redshift Distributions

The redshift distributions of the various classes are shovigure 3. The distribution peaks
around z=1 for FSRQs (Fig. 3 top) and extends to z=3.10. T$teilalition peaks at a lower red-
shift for BL Lacs (Figure 3 middle). Note that 55% of the BL Isalsave no measured redshifts.
The fraction of BL Lacs having a measured redshift is higleersburces with a SED-based clas-
sification. This fraction is essentially constant for thedent subclasses, (49%, 49%, 53%) for
(LSPs, ISPs, HSPs) respectively. Figure 3 bottom showsetth&hift distributions for the different
subclasses of BL Lacs. These distributions gradually ekterdower redshifts as the location of
the synchroton peak shifts to higher frequency, i.e., fr@Pk to HSPs.
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Figure 2: Photon index versus energy flux above 100 MeV. Red: FSRQs; Blu Lacs. The curve repre-
sents the approximate detection limit.
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Figure 3: Redshift distributions for FSRQs (top), BL Lacs (middlesR-BL Lacs (bottom, green), ISP-
BL Lacs (bottom, light blue), HSP-BL Lacs (bottom, dark Blue

2.5 Variability

Variability at all time scales is one of the distinctive peofies of blazars. Since launch, detec-
tions by theFermi-LAT of y-ray activity from 81 flaring blazars have been reported itréteomer
Telegrams (ATels). In Figure 4 we have plotted the averag8 RID FSRQs and BL Lacs. The
power density is normalized to fractional variance perdietpy unit (rm$1-2 day 1, where | is
the average flux) and the PDS points are averaged in logacithheguency bins. The white noise
level was estimated from the rms of the flux errors and wasacied for each PDS. The error bars
were computed as the standard error of the mean for eachefiegiin. The PDS slope (power-
law index) is similar for the two groupsy 1.154+0.10. This is somewhat flatter than was deduced
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Figure 4: Power density spectrum (PDS) for bright FSRQs (red) and Bisl(blue).

for the very brightest sources in the LBAS sample [Abdo eR8ll0]. The difference in the height
of the PDS means that the fractional variability of BL Lactoiser than that of FSRQs. This is in
line with the LBAS results.

2.6 Radio properties

The 2LAC sources are associated with a population of radioces, whose flux density dis-
tribution spans the range between a few mJy and several telys Im Figure 5 we plot the radio
flux density distributions for sources in the 2LAC, dividectarding to the optical type. The dis-
tributions for BL Lacs and FSRQs are quite broad, with wefiasated peaks, FSRQs being on
average significantly brighter radio sources. The mediandknsities of the two distributions at
8 GHz are 86 and 581 mJy for BL Lacs and FSRQ, respectively.di$tgbutions are similar for
the three frequencies (8 GHz, 20 GHz, 30 GHz), confirming th&®LAC sources have flat radio
spectra. Below 1 Jylanckcounts drop rapidly owing to sensitivity limits, while AT@becomes
less and less complete below 100 mJy. Interestingly, AT20@vs a deficit of BL Lac sources
in the 100-300 mJy range, which cannot be attributed to sétysiimits; this is most likely to
arise from the lack of spectroscopic information for soaricethe Southern hemisphere, where the
AT20G survey was carried out.

2.7 Highest-energy photons

Figure 6 displays, as a function of redshift, the highestggnphoton (HEP) detected by the
LAT from the 2LAC AGN sample using the Pass 7_V6 Ultracleaerd\selection and that is asso-
ciated with the source within the 68% containment radiusdRtions ofyy opacity curves,, =3
for different EBL models are also shown in Figure 6. Detattid HEPs above the opacity curve
predicted by a given model makes the model less likely. Im#éve 2LAC AGN sample, we find 30
HEP events fronz > 0.5 sources beyond thg, = 3 regime of the [Stecker et al. 2006 ] “baseline
model”, which is already severely constrained by the LAT Idnth data set [Abdo et al. 2010].

3. Conclusions and Results

The 2LAC represents a significant advance with respect td ¢, including many more
sources and reduced uncertainties thanks to the doubliegpafsure and refinement of the analy-
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Figure 5: Radio flux density distributions of the 2LAC counterpartsSRQs (top), BL Lacs (middle),

blazars of unknown type (bottom). For each panel we showdhbets at 8 GHz (blue line, from CRATES
or similar surveys), at 20 GHz (red line, obtained from the®& survey and multiplied by 2 to normalize
for the sky coverage) and at 30 GHz (green line, from the RI&RCSC).
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Figure 6: Maximum photon energy versus redshift. Red: FSRQs, bluelL&ts. The curves correspond to
predictions forr=3 for different models.

sis. This has resulted in an52% (1017 versus 671) increase in the number of associatedes)
better localization, more accurate time-averaged speatchmore detailed light curves and charac-
terization of variability patterns. The general trendaitifeed in the 1LAC, many of them already
apparent in the LBAS, are confirmed.
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