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& Active Galactic Nuclei m Pulsars
® Unidentified EGRET Sources A LMC
Solar FLare

70 high-confidence blazars: 56 FSRQs, 14 BL Lacs

Fermi Summer School 2016

E > 100 MeV
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Active Galactic Nuclet:
generalities

Fermi Summer School 2016 Benoit Lott



-ray

&iai:mb Radio gaIaXieS
,/ pace Telescope

5-15% of active galaxies
(others are mostly Seyferts)
Mostly of the elliptical type (Seyferts : spirals)
Galaxies displaying extended radio lobes

(up to 10 x larger than the galaxy)

2 classes

« Fanaroff-Riley 1: large opening angle,
brighter close to the core, low luminosity,
close

» Fanaroff-Riley 2: highly collimated jet,
lobe brightened with hot spots, luminous,
distant

3C98
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/ Space Telescope
|

Gamma-ray

The jet

Origin:
— disk accretion
— black-hole spin

(Blandford-Payne)?
(Blandford-Znajek) ?

Collimated by magnetic field/external
pressure

Opening angle ~1/ T
I =bulk Lorentz factor~10

Composition?
— Poynting flux in the inner part to avoid
Compton drag?

— matter (plasma) dominates at larger
distance

— normal (e p*) or electron (e -e*) plasma?

Total power is
P=miR“T2c(U’ g+’ g +U'+U' )
U’ : energy density in comoving frame

Fermi Summer School 2016

1.) Mass Accretion onto Black Hole

=> Extraction of up to 42.6% of
Rest Mass Energy of Infalling Material

=> Accretion Disk =>
Jet Matter

2.) Extraction of Rotational Energy of Black Hole

B, |
Pair-
Production )
=> Extraction of up to 29% of
Y Rest Mass Energy of Black Hole
- => Electron/Positron Jet
~ 7

=> Different Jet Matter
Different AGN Life Time

P. Coppi

Benoit Lott



G Unification scheme

Powered by accretion onto
a central, supermassive black

hole 108°Mg &M Narrow Line
Region
Inner part of the disk shines very |
brightly: quasar phenomenon . Broad Line
| Region

Observed properties governed
by angle w.r.t. line of sight

1pc=3x1016m - L fcerslion
5107 (M/10°Mo) pe Obscuring

Disk size: 10 3pc Torus —

Base of VLBI jet: 1-10 pc |
Broad-Line Region (BLR): 0.01-0.1 pc
Narrow-Line Region (NLR): 100-1000 pc
Tore: 100 pc

Galaxy diameter: 100 kpc

Radio lobes: 1 Mpc

Caution! This unification scheme is incomplete.

no explanation for differences between:

» radio-loud and radio-quiet galaxies
* FRI and FRII

Fermi Summer School 2016 Benoit Lott




o

P
Esserml
Gamma-ray

Space Telescope

Blazar basics

Fermi Summer School 2016 Benoit Lott



Blazars

Gamma-ray
p

/" Space Telescope
,/ p

Jet directed close to line-of-sight
— large apparent luminosity

— rapid variability

— “core dominated” in radio

— high optical polarisation

— large radio brightness

— superluminal motion
Relativistic aberrations!

Doppler factor:

Extragalactic Jets in
the Fermi Gamma-Ray Sky as

v

0=t (1- Bcos)
For 6=0, 5=2I Bty = A
For 6=1/T, O[T V=0V’
oL10-50 | (v) =5°1'(V)
| =5

Constrains on S come from superluminal motions,
and y-y opacity arguments (9

Fermi Summer School 2016
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o ST Blazar classes

FSRQ: Flat Spectrum Radio Quasar
BL Lac : named after prototype BL Lacertae

class FSRQs BLLacs

T T T T T T

T T T T T T v T T T
WGAJ1306.6 -24=28 a B WGCGAJO449.4—4349

[o111]

I, (arbitrary units)

~ 1, (arbitrary units)

7000

BL Lacs redshifts are
Many redshifts are mi

Fermi Summer School 2016



g e Blazar Spectral Energy Distributions (SEDs)

“two-hump” SEDs in vV

Low-energy peak: Synchrotron
e Low-spectrum peaked (LSP/LBL)
IR-optical ( v, <10'*Hz)
 Intermediate-spectrum peaked
(ISP-IBL) : UV (10 *<vg,, <10°Hz)
» High-spectrum peaked (HSP-HBL)
: X-rays (Vgy,>101°Hz)
High-energy peak:
* leptonic models: Inverse

Compton upscattering of seed
photons

— synchrotron:
Compton”

— External to the jet: “External
Compton ” (disk, BLR, torus)

» Hadronic models:
photoproduction, synchrotron

Fermi Summer School 2016

Synchrotron Self

v Fv[erg cm™s

Log v L(v) (erg s-')
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Gamma-ray Blazar/AGN
populations
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Number of sources

Assoclation

Two associations methods:
Bayesian method

Likelihood ratio (LR) method

Two classification schemes:

» Optically-based (stength of broad
lines): FSRQs, BL Lacs, BCUs
(aka Sources of Unknown Type)
 SED-based: Low-, Intermediate-,

High-Synchrotron-Peaked sources
(LSPs, ISPs, HSPs resp.)

3LAC: manually-controled SED fit
"""["":l""l""l""

e
120~ . -
ool FSRQs 1

r ! BL Lacs ]
so-LSPs . ISPs | =
-y | HSPs
so0f- B i . -
20— ‘ E,_‘\_J'—j'_‘—[_’—\_l_L‘_\‘_:
4z 13 14 16 17

15
log(v: Hz
Fermi Summar Sckhorl 203 ng( peak [H2])

-Classification

Catalogs used for association
Véron-Cetty & Véron

BZCAT

VLBA Calibrator list

CRATES

CGRaBs

TeVCat

ATCA 20-GHz survey

WISE gamma-ray blazar candidates
1WHSP

NRAO VLA Sky Survey

Sydney University Mongolo Sky Survey
ROSAT All Sky Survey Bright and Faint
Source Catalogs

False-positive rate <2%

Benoit Lott
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Joemi The Third LAT AGN catalog (3LAC) (8

Ackermann M. et al., 2015, ApJ, 810, 14

» 48 month data set
¢ 2192 TS>25, |b|>10° sources
e 3LAC: 1591 counterparts

1563 sources
e 1444 AGNs in Clean ¢
Sample (no dup., no flags) 1é )

Apl LR ..o _ - _€ ; ; (] ~-1'80

e Census :
414 FSRQs
* 604 BLLacs

(~50% with measured z)

e 24 other AGNSs

* Differences between Northern and Southern Hemispheres:
40% of BL Lacs in Southern Hemisphere
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4 Gamma'ray
Space Telescope

Non-Blazar and Misaligned AGNSs

Name 3FCGL 2FGL 1FGL Type Photon index
NGC 1218 J0308.6+0408* ... J0308.3+0403* FRI 2.071+0.11
IC 310 J0316.6+4119* J0316.6+4119 FRI/BLL 1.90+0.14
NGC 1275 J0319.8+4130* J0319.8+4130* J0319.7+4130* FRI 2.07+0.01
1H 0323+342 J0325.24-3410* J0324.843408* J0325.043403* NLSyl 2.4440.12
4C 13912 10334.243015* FRI/BLL? 2.1140.17
TXS 03484013 J0351.140128* e SSRQ 2.4340.18
3C 111 J0418.5+43813 J0419.0+3811 FRII 2.79+0.08
Pictor A J0519.2—4542* ... s FRII 2.4940.18
PKS 0625-35 J0627.0—3529* J0627.1-3528* J0627.3—3530* FRI/BLL 1.87+0.06
4C +52.17 J0733.5+5153 agn 1.74+0.16
NGC 2484 JO758.743747* FRI 2.16+0.16
4C 430238 J0824 943016  --- e CSS 2.4440.10
3C 207 J0840.84+1315* J0840.7+1310 J0840.8+1310 SSRQ 2.474+0.09
SBS 0846+513 J0849.945108* NLSy1 2.2840.04
3C 221 J0934.1+3933 ... e SSRQ 2.2840.12
PMN J0948+0022 J0948.840021* J0948.8+0020* J0949.0+0021* NLSyl 2.3240.05
PMN J1118-0413 J1118.2.0411* -.. agn 2.56+0.08
B2 1126437 J1129.043705 agn 2.0840.13
3C 264 J1145.141935* FRI 1.98+0.20
PKS 1203-+04  J1205 440412 --- e SSRQ 2.64+0.16
M 87 J1230.9+1224* J1230.8+1224* J1230.8+1223* FRI 2.0440.07
3C 275.1 J1244.141615 .. SSRQ 2.4340.17
GB 13104487 J1312.74+4828* J1312.8+4828* J1312.44+4827* agn 2.0440.03
Cen A Core J1325.4—4301* J1325.6—4300 J1325.6—4300 FRI 2.7040.03
Cen A Lobe J1324.0—4330e J1324.0—4330e J1322.0—-4515 FRI 2.5340.05
3C 286 J1330.5+3023* ... SSRQ/CSS 2.604+0.16
Cen B J1346.6—6027 J1346.6—6027 FRI 2.3240.01
Circinus J1413.2-6518 Seyfert 2.4340.10
3C 303 J1442.645156* .. e FRII 1.9240.18
PKS 15024036 J1505.140326* J1505.1+0324* J1505.04+0328* NLSyl 2.61+0.05
TXS 1613-251 J1617.3—2519 J1617.6—2526¢ agn 2.59+0.10
PKS 1617-235 J1621.1-2331* J1620.5—-2320c --- agn 2.5040.23
NGC 6251 J1630.64+-8232* J1629.44+8236 J1635.44-8228* FRI 2.2240.08
3C 380 J1829.6+4844* J1829.7+4846* J1829.84+4845* SSRQ/CSS 2.37+0.04
PKS 2004—447 J2007.8—4429* J2007.9—4430* J2007.9—4430* NLSyl 2.47+0.09

T T SO0 T S DT T e AT T

Photon spectral index

3.5
3 _ 7
- * o _
L E I _
» _ % & i
25— ; —
; é o : :
2 — } —
— blazars * ; -
B FRI i
- * FRIl .
- SSRQ -
¥ Other AGNs il
_uJJmﬂ_LLumﬂ_n_Luuul_LLumﬂ_l_Lumwnﬂ_LLuuul_LuumLLmum

1

1041 1042 1043 44 1045 1046 1047 1048 1049

Ly(ergs™)

11 FRI
3 FRII
7 SSRQ or CSS

5 Radio-loud NLSyI
6 Other AGNs

high core dominance

CSS: compact steep spectrum
SSRQ: steep-spectrum radio source
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j%m’n’f Spectral photon index vs photon/energy flux

3.5_- TTT T T T TTT T T T ] 35_ T ]
o 3;_ L FSRQs _; - 3::-_ FSRQs _g
g T > . : g r . 3
§ 250 o = T 251 Aoy, ) ~
g - . ﬁ. 0‘.’ :.c . . g - % :“ 7]
§ 2 " 41 5 2F .
&t ¢ FSRas § & | A :
150 o? BLLacs ¢ PBL Lacs 1575, ': é BlLLacs ]
- BCUs - :
1 .ll‘ . vaal el L ...l..ln 1 ‘““l. sl Lol L ..“;.l_
10” 10° 07 10° 10° 10° 107 10°
Flux [E>100 MeV] (ph cm™ s') Flux [E>100 MeV] (phcm™ s™)
351 ) A DA R L
- Energy-flux limit ~ 2x10-12 erg cm2s1 5
- H =
3.._ —
S 4« Strong bias in photon flux but not in
= B . z E . . .
- : energy flux and thus in luminosity
§ F - neither
. : . .
E 1« Highest flux in flare: 8x10 - ph cm s
P el (3C 454.3)
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=V Redshifts

Gamma-ray

/ Space Telescope
{

« slightly higher z for new FSRQs
relative to 2LAC ones
<z>=1.33 vs. 1.17

Number of sources

T Illlll
=
semmsammn ('D
=

|1 11 Illll

e maximum redshift z=3.1

» 295/604 BL Lacs have no measured
redshifts (55%, 61%, 40%) for (LSPs, ISPs and
HSPs)

TTT TTTITTTTT
I T IIII|

H
s

.
.........
]

Number of sources
[ IIIIII|:
|1 |1|||||

» 134 constraints from Shaw et al.
(2013) ‘

0.25

* Redshift limits for BL Lacs not
compatible with measured redshifts:
measured redshifts are biased low.

0.2
0.15

01

Are many BL Lacs FSRQs with emission
lines swamped by the non-thermal
continuum? o

0.05

IIIIIIIIIIIII TTTTTTTTT I|I|||
IIIIIIIII|IIII|I!II|1III|III|I|

Normalized number of sources

L

| - PR SR T T T T W

25 3

o

05 1 15 2
aedshiﬁ
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Spectral distributions
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i, Spectral photon index

* Little overlap between FSRQs and
BL Lacs

* New FSRQs slightly softer than
2LAC ones: (< '>=2.53 vs. 2.41),
not so for BL Lacs

» Lowest index~1.5, as predicted
by shock-acceleraton models

 BCUs index distribution

straddling the two classes’
and extending beyond 2.5

Fermi Summer School 2016

Number of sources

Number of sources

Number of sources

Number of sources

BL Lac classes

L

1 ] i
et

Unknown type

- = NN W W B
o in & B O 0

|IillllII!IIfI|IIllIIIHlIIHIIIIIIIIIIl_
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wh

1 1 A
T4 6 6 2 22 24 26 26
Photon spectral index
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s ermi Vpeak VS- photon index

Gamma-ray
Space Telescope
|

3.2 T 1 I 1 l 1 T T 1 I T T T T I T T 1 I I I I 1 T I T T T |

Correlation between
photon spectral index
measured with the LAT
and position of the SED

Photon spectral index
[
N

l!;zJIIIIIIIlllliIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIII][FIIIFIIIIIIIIIIl

2
synchrotron peak :
1.8
1.6 ~4=
14 —
1 L 1 1 l L L L L I 1 L L 1 l 1 1 L 1 I L ._I‘ 1 L I L L L 1 :
1‘2|2 13 14 ; 15 16 17 18
log(vwm [Hz])
LAT range
HSP-BLLacs
>
LL
>
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jsm& Spectral curvature

0.4

0.35

FSRQs
BL Lacs
BCUs

- log(z-)

0.3

0.25

N(E) = No |+
0

= 0.2

0.15

0.1

0.05

5I
5
T
|
E
|
/

IIII|IIII|\III|\IH|\I\i|\||\|\||||||ll

IIII|I|I\|\II

107 2 10°
Flux [E>100 MeV] (ph cm™s™)

=1
S
=]

Feature first seen in 3C 454.3
91 FSRQs, 32 BL Lacs, 8 BCUs show significant

spectral curvature %

Abdo +09, Poutanen & Stern 10, 14, Cerruti+13,
Dermer+14, Finke & Dermer 13, Hunger & Reimer 15 AL T
Kohler & Nalewajko 15 ‘ Energy (GeV)

* yy-absorption

» superposition of different EC components
» superposition of different flares '
* intrinsic curvature of electron energy distribution 1

E? dF/dE (erg cm™2s7™")
i

o
\

Numb
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Luminosities
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d,: luminosity distance
S(E.,E,) : energy flux between
E,(100 MeV) and E, (100 GeV)

Only bright sources are visible
at large distance
Malmquist bias

Distant HSPs at constant
luminosity couldn’t be
detected

Cautionary note:
only half of the BLLacs
have measured redshifts

Fermi Summer School 2016
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10k E .
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'Redshift
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/ Blazar Sequence: « Grand Unification »

/ P
@ ermi
/' Gamma-ray

Space Telescope

3.5 LELRLLIL B R LI B R R LI B R UBLRRLLY T T T T Orrm) T T VT

25

Illllllllilll
——
-

hoton spectral index

* FSRQs
LSP-BL Lacs

ISP-BL Lacs |l sl i

vl .Il RTITT R RTTIT MR RTIT

IIII|[IIIIILJ[|II|I|!III

10“’| 10"

e HSP-BL Lacs
® Other AGNs

10% 121“5! I;;J“"I I;:)"' 10""
Ly(ergs”)

g

Photon spectral index
N
N
X
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—-:IIIIIIIIIIIH—I"H"I_I'IlllllIIIII!I|III|I|I:

between BL Lacs and FSRQs? N

Correlation between luminosity and
photon index, Compton dominance:
Blazar sequence?

48
- ©
47 I >
()]
i —
- N
w 46 x
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@ [y =
(V]
— 45 8
27 4 | 8
af ~~
44
3 o S
N
43 1~
1 +
A 19
42 — @®©
- 1 €
L (@)
41 C Iq 1 1 I 1 1 1 L l 1 L i i | l 1 D
10 15 20 25
Log v [Hz]
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“?cmb Luminosity vs photon index
Change of accretion regime at R A A IR

10%¢ erg s-1? (Ghisellini et al. 09)
=different disk solutions

- a-disks (shakura-Sunyaev) IN FSRQS x ’ N

- ADAFs in BLLacs = )

© 2.5 —

=electron cool more efficiently g o]
in stronger ambiant £ 2 ]
radiation fields S J
IC hump peaks at lower energy * s _I

Other AGNs

1 llllllll | llll]ll 1 llil!ul 1 I!llllll | Illlll Il L1 Illllll | | lllllll 1111

10" 102 10 10* 10 10* 107 10® 10"
Ly(ergs’)

Reduced accretion rate leading to an evolutionary link b etween
classes:

FSRQ -LSP BLLacs - HSP BLLacs

as the fuel gets progressively exhausted

(Ghisellini et al., Boettcher and Dermer, Cavaliere an  d D’Elia)

Fermi Summer School 2016 Benoit Lott



o

P
Esserml
Gamma-ray

Space Telescope

TVariability

Fermi Summer School 2016 Benoit Lott



™0
Crab 180

Northern Galactic Southern Galactic
Hemisphere Hemisphere

Fermi LAT

05-AUG—2008
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j%% Fermi’s variable sky

~__PKS 1502+106
~370 Astronomers telegrams

~65% about AGNSs

alert threshold:
F[E>100 MeV]~10-® ph cm "2 s™1
WERRS Other considerations:

o i — Significant flux rise wrt average
' — TeV detectability
— Event rarity

http://www-glast.stanford.edu/cgi-

L T eIt . g

) “ass 4 bin/pub_rapid
3C 4543 o
DOY 219 (Aug.06) |

j-: 3Cc273 —Mean flux over 11 months ]
H3 ++ Flare Advocates issue alerts
s F and feed the Fermi blog
: °F 4 1
P +op 3

B H.

1 F}‘%i | il Wi o 7]

Time (day in September)
Fermi Suiimer sciivur cuto Benoit Lott



orms Variability

* FSR{ e,

/,
Variability index distributed asa X 2 vE LSP-BL La."37,
with 47 d.o.f. for non-variable - . ISP-BL Lacs
SOUrCes. LOE . o e HSP-BL Lacs
% E:.‘;'.'.a.“. ]
Fractions of sources showing £ b e . % "o
significant variability i g -
FSRQs: 69% BL Lacs: 23% ¥ 3 i S
(39%, 23%, 15%) for (LSP, ISP,HSP) : . B & Y e
poa b b bvva e Lo Last b B

125 13 135 14 145 15 155 16 165 17
log(vy,,. [Hz])

The LAT samples different parts of

the high-energy hump for the 3 -
d|fferent C|asses_ :;o.u,f 1H 1013+498 HSP BL ‘ .
Monthly light curves to be extended E[ e ‘H | | :
beyond 48 months, continuously é R R TS T B S Y ] '
updated and posted on the ASDC

site ol iot is006 sss06 =5406 ;\:'j%;a —45s06 Se006 Sesos  Sesob
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Shortest timescales

f. Garmmara v
Space Telescope

PKS1510-089

S0 it_ 6 jet = 0.045
: fg \‘j&

Constraints on size and location
of emitting zone. R < 2I_chtVar

L,
O

&
(=]
I

5 sources show T lower than 3 hr;

min

3C 454.3, 3C 273, 4C+21.35, PKS 1510-089,

3C 279

Sub-hour variability (<20 min) is found for
3C 454.3, PKS 1510-089 and 3C 279
Indication that emission takes place

(b)

(V]

Flux (>100MeV) [10° ph cm™ 5!

(]
(=] (=]
B T

it
=]
T L

Saito+ 13

6 8101“’1—11618

s from MJID 55853.518

- & 3C279 —2> 5 3C 454.3 —
s F ++ 4] 3 IR NI, B £ W+ 3hr — LC fit: Tr=(3.5 2 2.5) ks
2 400f | 4T T 4+ 4+ & lso0 © & o+ gpn — ML :Tr=(1.0+0.5) ks
E ool 4+ TR A TS
s e S pnopsaapes L - N -
s L 4iH =g $ET +
sy it +++++ +++ o B F b S =
T 200F 44 + ++ + 19 z;—‘{* ) &
D - ... 1E S, S i S | 1 0 O 0 _426 76 42‘17‘8 : 42'4 8 ualsz 421'!4 A:ulu 424153 12; 9 IZI 0‘
0 10 20 90 100 110 120 130 < MET (10° s)

[Minutes since 2015-June-16 02:00:00 (UT)]
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Space Telescope

HSP BL Lac
0.395<z<0.62

one of the brightest BL Lacs
in the X-ray band

TeV source (HESS, MAGIC)

Indication for a periodic
behavior in

e theradio (15 GHz)

* the optical (R-band)

* the LAT band

Autocorrelation gives a
peak at 750 days

Interpretation:

* Dbinary black hole?
o warped disk?

» other?

Fermi Summer School 2016

Flux (15GHz) [mly]

Flu(E >100MeV) [10-% cm~2 s~

PG 1553+113

16
|
14 K
1 18
$ ¢ Jie
D L
B e
% b 112
‘ ‘# 10
1 L Optical (Tuorla+KAIT+Catalina CSS
Fermi LAT (E>100MeV)
.‘ﬁ(mu n3500 24000 ) lfi‘m .‘.,‘nln 0 .’..‘..‘Ia W) .'uillhl ) .’ui.'l» N 5 Tu}i )
Time [MJD]
0.25 .
OVRO radio-band 15 GHz
115 L
i PRELIMINARY
~0 %560 55000 55500 F6000 56500 57000
Time [MJD]

Flux (R-band) [I:I‘UVJ
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S>ermi Power density spectrum

/ Space Telescope
|

Fu(v) = (i f (ti)COSQﬂVt)J + (i f (ti)Sin(ZﬂVt)J

PDS ~ 1/freq @ with a between 1

(« flicker », « pink-noise ») and 2

(« shot noise », «Brownian») with peak
around 1.6-1.7 (similar to optical or radio)

w'f
Em":—
%
im«:;
Emwo__
o
s
10 L
10’8
gm‘:_- ] >.
“t a=0 white IS
] g * I @©
e N . m p = P o
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Contribution to
Extragalactic Diffuse Background
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Allows the contribution of blazars tc diffuse gam ma-ray background
to be estimated
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aaaaaaaa

Space Telesiope B aC k rO u n d

EGB total intensity of 1.1 x%10° phcm?stsrt

Blazars contribute a grand-total of (5-7) x 10%phcm2s1sr-t
— Resolved sources : ~4 % 10 phcm2s1sr-l
— Unresolved blazars: ~(2-3) %10 ph cm 2 s-1 sr-! (in agreement with Abdo+10)

Blazars, star-forming galaxies and radio galaxiesc  an explain
the intensity and the spectrum of the EGB
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Ajello+ 14

E*dN/dE [MeV cm? s sr-1]
o
A

! IIIIIII

@ EGB Total Spectrum
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All Blazars - this work
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P Blazar luminosity functions

pace Telescope
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Correlations
with other wavelenghts
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Gamma-ray

/ Space Telescope
{

LAT-detected fraction: 24% (409/1707) for FSRQs, 44
7% (59/221) for AGUs

and 2

Connection with BZCat

Normalized number of sources
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Synergy with neighboring bands

» 85 3LAC sources in the Swift BAT 70-month survey
only 9 BAT FSRQs and 7 BL Lacs missing in 3LAC

4.5

4

BAT photon sp,%ctral in X

e
o

FSRQs

- e BLLacs
i

E ]

;_ 8 me__'

E Lo | I VI BT BT WO

o

1.5

2

2.5

LAT photon spectral index

* 55 out of 56 TeV AGNs in 3LAC
28 found to be variable

* 96 3LAC AGNSs in the V38

INTEGRAL Cat.

Fermi Summer School 2016

VFV

BL Lacs

Table 10

\Y

Properties of the VHE ACGN detected by the Fermi LAT

VHE Name 3FGL Name Source SED Redshift Spectrutn
Class Type Type* IFGL/IFHL®
SHBL J001355.9 - 185406 JOO13.9-1853 BL lac HSP 0.0095 PL
KUV 00311-1938 JO033.6-1921 Bl lLac HSP »0.51 PL H
RGB JO136+391 JO136 5+ 3905 Bl Lac HSP PL L} ]
RGBJO152-017 JO152.6+0148 BL lac HSP 0.08 Pl Y
3C 66A J0222.6+4301 BL Lac ISP 03347 <z < 0.4 LP Y
LES 0229+200 Jo23 e BL Lac HSP 0.139 PL
PKS 0801-243 JOG0: Bl Lac HSP 0.26 PL H
JO316.6 ] Radio Gal HSP 0.018849 PL Y
Jo319.8 BL lLac HSP 019 PL Y
JO319.8 Radio Gal ISP 0.018 Lp Y
J0349.2-1 BL Lac HSP 0.188 (7 PL
BL lac HSP 0.287 PL Y
BL Lac HSP 0.205 PL Y
BL Lae HSP 0.341 PL Y
Joss0.6 Bl lac HSP 0.069 PL H
Jo650.7 Bl lac HSP PL H
RCB JOT10-591 (1H 0653+5957) JOT10.3 BL Lac HSP 0125 PL Y
S507T16-T14 BL lac ISP 02318 <2 <027 LP ¥
LES(806+524 BL lac HSP 0.138 PL Y
RX JOS47.1+1133 (RBS 0723) BL lLac HSP 0.199 PL
LRXS J101015.9-311909 BL Lac HSP 0.143 PL H
LES 1011496 Bl lac HSP 0.212 PL Y
LES1101-232 BL Lac HSP 0.186 PL Y
Markanan 421 Bl Lac HSP 0.031 PL Y
Markarian 150 BL Lac HSP 0.046 PL Y
LES 1215+303 BL Lac HSP Pl Y
IES 1218+304 BL Lac HSP 0.182 Y

PL
Benoit Lott



/‘
s, ermi

<=, radio/ y—ray connections with  VLBA (@

The jets of the LAT-detected blazars have:

* higher-than-average apparent speeds (Lister+09, Pine r+12),

» larger-than-average apparent opening angles (Pushkare  v+09)
 more compact radio cores (Kovalev+09)

e strong polarization near the base of the jet (Linford+1 1)

* higher variability Doppler factors (Savolainen+10).

All the above points to higher-than-average Doppler b oosting in  y-ray
bright blazars.

AGN jets have been found to be in a more active radio state within several
months of the LAT-detection of their strong y-ray emission
(Kovalev+09, Pushkarev+10). The py-ray photon flux correlates with the
parsec-scale radio flux density (Kovalev+09; Arshakia n+11)

y-ray loudness correlates with position of synchrotron p eak and gamma-
ray photon spectral index for BL Lacs (Lister+12, Linford+12)
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Number of sources

10°

Pearson coefficient: 0.52

Radio -gamma-ray connection
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@ crmd Location of emission zone:
Gammara v
Sl close or far from BH?
« Near » scenario VBT “C‘\, AR >
. HH 0.5 E& ¥ & i # .‘A!.t* 7;-._'*""..;—“}"_“
o Fast variability ?m:; f.bmx ‘Méh'fa f,. S
« Seed photons (disk, BLR, torus) for External " ijf‘?‘ﬁ*‘j"fiji fnict B M; ¥ %S
; TN oy S e
Compton Y AR ey WM
SETTTTRELI T ek e T S
. . . (1J: {'.H,_., . o ri‘ﬂf—‘:}j;‘ ;17;.‘{ =‘ 3
«Distant » scenario (outside of BLR to pc scales): 505 bi»“‘é“ T A CE
« majority of y-flares associated with new g JE T {j@_ﬁ;ﬁg g o
superluminal knots  (but travel time effects) 05? - hh &?‘ Lr Eese
. . ; . E ‘? i— e o N =
 coincidences between radio and gamma-ray e sz .(J{j_m:é
flares °‘5? :..q,l'f"..Tf" ; ;-‘I-n u-.‘.f.u E
. ; 5--’\..\_.',,,.-/‘-.,.v\‘\ CTA102 = :
» detection of > 100 GeV photons in some T s et
TE o 34543 A e LT T
FSRQS 0.50; B A e

e no absorption features in SED from BLR
photons A. Marscher+ 11

34 y-bright blazars and radio-galaxies

Strong challenges to theoretical models! Fermi LAT y-ray, 43 GHz VLBI "core
times of new superluminal knot

passing the core
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total stellar radiation emitted by galaxies through the Universe
history

- redshifted by the Universe expansion

- reprocessed (absorption-reemission) by dust

E I(E) [nW m 7 sr']

Direct measure difficult (zodiacal light) i o o°
SE A LR o FEEER A 5 | 8.7 L . . N
YV, - €€ dust 5 starlight 1"
2 2\2 Y ]
threshold €E (1+2z)°(1-co%) >2(mc”) o b
500GeV E.. [0+2)° A 4.,
Eow == OF A, = 1.269\’( ) : 310
Ecev(d+2) 500GeV z . .
™ = R exp(-t(v, 2)) = DR
[ l\:nci\kc el ;'nl. li(N:-:) l;.c\l ln mudc]l d i
Measurement of EBL density [ el o 310
. . . . . . | Stecker et al, (2006)
EBL density compatible with lower limits obtained by the Raszaque et . (2009) ]
integrated light of resolved galaxies. e &
Fev Benoit Lott
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EBL studies

..338.1190A

Ackermann et al. 2012Sci.

NmGSINth,u=0

Attenuation effect in 150
2LAC BL Lac spectra
Compatible with low-opacity

models

UV photons E> 5 eV

—+PKS 2005-489 / Mrk 421
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~PKS 2155-304 &

-~1ES 0229+200 / H 2356-309 |
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ez Second Fermi Hard -Source List (2FHL )

360 sources at E>50 GeV

« Spectral indices softer than in 3FGL,
1FHL on average

« Softening with increasing redshift ,

I n d I Catlve Of E B L atte n u atl 0 n +  SNRs and PWNe = BL Lacs Une. Blazars v Unassociated
% Pulsars o FSRQs s Others o Extended

10 . ; . : . 50 : T T T T [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T :
2 » 92FHL 45F- 134 BL Lacs =
~ = 3FGL (4 years, 0.1 - 300 GeV)
¢ gl| x 1FHL _ 40 (@years ™
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o 3LAC 35— 2]
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[ — =]
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Redshift Photon Index
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Summary

e ~1800 gamma-ray emitting AGNSs discovered
 98% blazars, 2% nearby radio galaxies

e 30% FSRQs, 40% BL Lacs (45% HsPs) , 30% BCUs
« FSRQs redshifts up to 3.1, BL Lacs z<1

 FSRQs spectra are soft, BLLacs spectra are harder (poin  ting to
different maximum energies reached by the emitting part icles)

« Some gamma-ray spectra (mostly FSRQs) are curved: intr  insic,
attenuation or superposition effect?

e Variability: strong in FSRQs, weaker in HSP BLLacs, s  ub-hour
variability observed

* Location of dissipation region:
— close to BH: short time scales, External Compton com ponent

— Far from BH: FSRQs detected at TeV, some radio flares sim  ultaneous to GeV
flares
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