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4 years of data > 1 GeV
e 4 years, PTREP_SOURCE_V15, improved PSF

* Front/Back handled separately
* Energy range 100 MeV - 300 GeV
~3000 sources, 2200 at |b[>10°
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Essermi 1ti
P iy Associlations
Two associations methods: 200
- Bayesian me_zt_hod to0f- — 2LAC
— new addition: WISE Counterpart :jz: — new
catalogs gmoi—
« Likelihood ratio (LR) method 8100
— new addition: AT20G catalog E:E:
40; o
Association probability > 0.8 in one of the QZH,HJ-—T-*"T"’I T
0 0.5 1.5 2 2.5 3 3.5

2 methods:
71% in common
— 379 only Bayesian
— 62o0nly LR
« False-positive rate < 2%

ICRC 2015 5/8/15

95% error radius (deg.)

Anaular separation (siama)

I IIllllllltll|III|III|III|III|III|III|III

107

3
(5]
IIII|

FSRQs
BL Lacs
BCUs

Dario Gasparrini



Two classification schemes:

» Optically-based (strength of broad
lines): FSRQs, BL Lacs, BCUs (aka
Blazar Candidate of Unknown type)

*SED-based: Low-, Intermediate-, High-
Synchrotron-Peaked sources

(LSPs, ISPs, HSPs resp.)

2LAC: automatic SED fit

3LAC: manually-controlled SED fit
by 20 « sedders » over 3 continents
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Classification

sed-2005m2310 Ra=301.48542 deg Dec=-23.17417 deg
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j»\w 2LAC vs. 3LAC Census

2LAC 3LAC

AGN type Entire 2LAC  2LAC Clean Sample® Low-lat sample AGN type Entire SLAC  3LAC Clean Sample®  Low-latitude sample

All 1017 886 104 1591 +640/0 182

= 0,
FSRQ 360 310 19 f Sfﬁ{ o +34 Yo ij
g ey 99 T e R

...LI P 2-1.6 221 ‘a 5P pe 43 o

... ISP 4 3 2 . HSP 3 9 0
..HSP 2 0 0 ...no SED classification 5 4 0
.. no classification 108 &6 10

632 @D+52% @

BL Lac 423 305 16 ... Lol 162 ; 8

...LSP 65 61 3 ... 18P 178 173 i

... ISP 82 81 3 ... HSP 272 265 12
__HSP 174 160 5 ... 0o SED classification 20 16 4
..no classification 102 a3 5

Blazar of Unknown type 460 402 +164% 125
. - :

Blazar of Unknown type 204 157 67 f{?ll,ﬂl{.,L I ;; :i 131‘5
o LISP 2:1 19 10 ISP BCU T 11 ] 1
.- 18P 13 1 3 ...HSP BCU I 13 13 2
..HSP 65 53 13 ...BCU 1 w/o SED classification 7 3 0
.. no classification 102 74 41 L BOU L 346 05 &5

. LSP BCU IIL 156 129 39

Other AGN 30 24 2 ISP BCU I 78 70 13

...HSP BCU I1 107 105 31
L BCU L w/fo SED classification 5 4 2
I 1 . .. BCU III 57 45 20
NeW Varletles' ... LSP BCU 11T 16 11 k]
1 1 1 I8P BCU LTI [1] 0 0
 Six high-redshift (z>1) HSP-BL Lacs ot
... HSPF BCU I11 1] 0 0
... BCU III w/o SED classification 41 34 20
* Two HSP FSRQs |
Non-blazar AGN 32 24 3
- 2 1 0
.. NLSy1 5 5 0
... RG 14 13 2
.. S8R0 5 3 0
o Othor AGN i 2 1
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Normalized number of sources
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Misaligned AGNs
Space Telescope
Mame JFGL 2PGL 1FGL Type Photon index MNotes
NGO 1218 JOGOHE G040 <. JOEDE, 303 FRI 2.07+0.11
IC 310 JOG16.64-4119% JO316.6-4-4119 w FRI/BLL  1.%0=0.14 Meronov et al. (2000)
NGC 1275 JOS19.844130° JO319.84-4130" JO319.744130% FRI 2.07+0.01 Abdo et al. (200%c); Kataoka et al. (2010)
1H 03234342 JOG25.243410% JOB24 83408 JOS25.043403% NLSy1 2.4440.12
A0 439,12 JOE334. 2439157 FRI/BLL? 2.1140.17 Giovannini et al, {2001)
THS (53484013 JOE35L. 1401287 EE SER0) 2434018
3C 111 JOM18.543813 JO419.0+3811  FRII 2.THE0.O8 Abdao et al. (20102); Katacka et al. (2011); Grandi et al. {2012}
Pictar A JOS10.2-4542% ... FRII 2.40-40.18 Brown & Adams (2012): Kataoka et al, (2011)
PKS (H25—35 JOG2T.0-3529" JO627.1—-3028" JO627.5—-3530" FRI/BLL 1.8740.06
40 45217 JOT33.545153 AGN 1.7440.16 Part of & duplicate association. Most probable counterpart is a BCU [IL
NGO 2484 JOTOH.T-H3T4T FEI 2.1640.18 quasar SDSS JOTHR25.8THITA625.T is 0.8 away
A0 439238 JOS24 943916 - L C85 2.4:440.10
50 07 JOEA0.E413157 JUS40. 741510 JOS40.8-1310  S5RO) 2.474£0.04
SBS 08464513 JOEAD 95108 NLSy1 2. 280,04
50 JO934.143933 - L 55RO 2UEHA0.12
PMN JOS4840022 JO948 8-40021* JO948 8-0020" JO849.0-4-0021* NLSy1 2.3240.045
PMN J1118-0413 J1118.2-(s11" AGN 2.56-4£0.08
B2 1126437 J112.0+-3705 AGN 2084013 Part of a duplicate association. Most probable counterpart is a BLL.
3 264 J1145.14-1935* FRI 1.GE 0. H)
PRS 1208404 J1206440412 - “e SER0) 2644016 Part of & duplicate association. The other counterpart is a FERQ).
M 87 J1230.9412247 J1230.8+-12247 J1230.5+1223" FRI 204007 Abdo et al. (Z2009d)
3C 2751 J1244.1+1615  --- pa SER0) 230,17
GE 13104487 J1312.T4H48268% J1312 84828 J1512. 444827 AGN 200,003
Cen A Core J1525.4—4301% JI325.6—4300 J1525.6—-4300 FRI 2T radio core
Cen A Lobes J1G24.0—4330e JI324.0 2300 J1522.0-4515 FHRI 2,530,056 giant lobes detected [Abdo et al. 2010b) 12 F R I
S0 ARG J1530.5+-3023" - SER0/CSS 2604016
Cen B J1546 66027  J1346.6—6027 FEI 2.3240.01 Katsuta et al. [20013) 3 FRI I
Clircinus J1415.2-6518 Seyfert 2.43-4£0.10 Hayashida et al. (2013
50 303 J1442 6451565 - o FEF’ilI 1924018 ! ( ] 8 SSRQ Or CSS
PKS 13024036 J1506. 1403267 J1500. 108247 J1506. 040328 NLSy1 2614005
TXS 1613-251 J1617.53=251% J1617.6—2526c AGHN 2.5040.10 Fart of & duplicate association. Most probable counterpart is a BCU IL
PKS 1617—-235 J1621.1=2331" J1620.5=2320c --- AGN 250023
NGO 6251 JI630.64-8232% J1620. 448236 J16345.4-4-8228* FRI 2224008
3 380 JISHLEL4844% JI82. 74846 J1820. 844845% S8R0 /OSS 2474004
PRS 2004 —447 JHOTE—44207 JH07.9-44307 J2H007.9—-44307 NLSyl 2.ATE0.08
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;?“‘”m Spectral photon index vs photon/energy flux
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* Little overlap between FSRQs and
BL Lacs

Mumber of sources

* New FSRQs slightly softer than
2LAC ones: (<I'>=2.53 vs. 2.41)

Mumber of sources

 Not so for BL Lacs

* BCUs index distribution
straddling the two classes’
and extending beyond 2.5 .

Number of sources

Unknown type

Number of sources
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Spectral photon index vs v
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eak

» Correlation between spectral
hardness and v, confirmed

« Same implies to BCUs

BCUs
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« Slightly higher z for new FSRQs g — 2LAC
relative to 2LAC ones 3 E new =
<z>=1.33vs. 1.17 5 r .
3 - — s -
E = o i _
« Maximum redshift still z=3.1 2 SERREERNE B
« 295/604 BL Lacs have no measured ’ ’ ’ A
redshifts (55%, 61%, 40%) for (LSPs, BL Lacs -
ISPs and HSPs) % il
* Narrower z distribution for BL Lacs ‘E -
than 2LAC 5 i

» 134 constraints from Shaw et al.
(2013)

BL Lac classes

* Redshift limits for BLLacs not
compatible with measured redshifts:
measured redshifts are biased low.
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e, Variability
10”5' T T ' T T T _§
E * FSRQs ;
Variability index distributed as ok ., gy -
2 g . % . e HSP-BL ]
a A with 47 d.o.f. for non-variable £ L 3:? o . i
sources. FOE - cuddan S )
Fractions of sources showing e - Coa =
significant variability AR Pt Dbl A I
FSRQS 69% 12 13 Iog['\";‘aklmt [Hz) 16 17 18
BL Lacs 23 %

(39%, 23%, 15%) for (LSP, |SP,HSP) 10°E T T T l =
Monthly light curves to be extended mi_ BCUs _
beyond 48 months, continuously 5O E
updated and posted on the ASDC site 3 [ 4
310 =
102;7 ______________________________________________________________________ —;
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Contribution to diffuse gamma-ray background compatible with previous
estimates
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/& _Connections with neighboring bands (@S

« 85 3LAC sources in the Swift BAT 70-month survey
* Only 9 BAT FSRQs and 7 BL Lacs missing in 3LAC
« 96 3LAC AGNs in the V38 INTEGRAL Cat.

* 55 out of 56 TeV AGNs in 3LAC

« HESS J1943+213 was missing but Peter et al.
reported a detection

«39 are HSP-BLL <TI'>=1.78vs. 1.88 (3LAC HSP)
« 28 found to be variable
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o, Connection with BZCat
LAT-detected fraction: 24% (409/1707) for FSRQs, 44% (543/1221) for BL L s

and 27% (59/221) for BCUs
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e Conclusions
pace | elescope

The 3LAC represents a significant improvement over the 2LAC also in
term of analysis method and data quality.

An increase of 71% in the number of blazars mainly due to the
Increased exposure and the use of improved counterpart catalogs

Significant increase of non blazar AGN population (3 new FRI, 2 new
FRII, 4 new SSRQ)

Main properties reported in 1LAC and 2LAC are confirmed.

The 4LAC will use >5 years of data and will make use of improved
IRFs (Pass8). It will constitute another notable step forward. See Poster
84
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Thank you!
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