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Blazars

Multiband observations
Location of high energy emission
Summary and outlook



e AR AR e H I AL J

IR , gy XTays Optical spectrum
[ |
— .
107° 6 nr— I 12055-0021  —
! BL Lac :
-4
-10 ot
1o -
e g . | . . L
N; 10t E % om0 6000 BO0O 10
G o ey B
b 2lm Et}f_— FSR Jo0
20 -tz Synchrotron S ef 2
L f 7 self-Compton ¥ e M |‘ ’ |‘ _
oA = g i
= o8 z anwa
) 4 / - : ; | | W
/® ;. } H(}ﬂ ) 800D 000
107 § / host galaxy  seporme HBL MRK 421 A Wavelength “‘*)
1 . i i |(Ciebelsetal 2007) / (Shal.-‘a et al. 2007 ; 2012)
1010 101’} 102{] 1025
s i Strong BLR and

accretion disk

Blazars: #2414 BT 28 K RI ZUVEAE KBS IE LR, &

ﬁl:

H R ONIBE % B BLRE W KOG R AERT FUE B 2 R A

L EHIN R

M IR AL B B

LHAASO & 1FE4H 4

> 2016 B R



Petropoulou MNRAS 452, 1303-1315 (2015)
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ILSP (low-synchrotron-peaked blazar, < 1014 Hz)
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HSP (high-synchrotron-peaked blazar, > 1015 Hz)
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Multiband observations

More than 100 years in optical band
Radio, from 2.3GHz to mm/submm (SMA)

X-ray, keV to few hundred keV, ASCA, RXTE, Swift,
Chandra, NuStar

GeV, EGRET to Fermi

TeV, HESS, VERITAS, MAGIC, ARGO-YBJ and
LHAASO

AT I\ FEL B TeVEL 15y BE 2 I B AE 1




Third EGRET Catalog
E > 100 MeV

& Active Galactic Nuclei
@ Unidentified EGRET Sources

3. EGRET Catalog:
(3EG)

Hartman et al, 1999
ApJS, 123,79

271 Sources
80-90 AGN
67 Blazars
6-8 PSR

~170 Unid..

. .'4 -180

e /0 o '
/ /
i

m Pulsars
LMC
@ Solar FlLare

1. COMPTEL Catalog: 32 constant Sources.

Schonfelder et al., 2000 39 transient
A&AS, 143, 145 11 AGN
3 PSR

4 EGRET Unid.
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The Third Catalog of Active Galactic Nuclei Detected by the Fermi Large
Area Telescope, Ackermann, et al, 2015, ApJ, 810,14

Fig. 5.— Locations of the sources in the Clean Sample in Galactic (top) and celestial (bottom)

coordinates. Red: FSRQg, blue: BLL%%%&%%%% %Jé}l gal; i%,\}green: AGNs of unknown type.
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Hard Fermi-LAT Sources (2FHL)

Ackermann, 2015, arXiv:1508.04449

0.15 .
B ' — 1 oFHL| | opens a new
% 0.12 _L . [ SFCGL V\{indow on the
S LSP ISP | HSP high-energy sky
£ 0.09 |
aa J 360 sources
E - _ detected between
i 50 GeV and 2 TeV,
@ 75% blazars, only
S 0.03| i .
Z 25% detected in

J TeVCat. Most of

11 12

13

14

15 16 17

lﬂg ] [}(yiaak/Hz‘)

ﬁlg them are BL Lacs,
only 10 FSRQs.

This catalog of sources provides a bridge between the traditional
0.1-100GeV band of Fermi —LAT catalogs and the >100GeV band
probed by IACTs and other instruments from the ground. It connects
well to the TeV world
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2FHL J1104.4+3812 (Mkn 421, z = 0.031) 2FHL J0222.6+4301 (3C 664, = = 0.444)
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T 1L (1S T | % =
Energy [GeV] 10 10° 10" 107 108
Energy [GeV]
10 |
~ | & o Sources become softer at higher
g ° ! ' .
o . energies
g’ . Sources becomes softer at high
@ 4 | iy )}( redshift, most likely due to EBL
E N i* ‘-'_‘-'—'u - — —4 ]
<)
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66 TeV extragalactic:
FSRQs 5, LBLs 2, IBLs 8,HBLs
46, FRI 4, Blazar 1,

http://tevcat.uchicago.edu



TeV arrays: E>100 GeV

HESS / Namibia




' The ARGO-YBilJexperiritentnt

An unconventional EAS-array exploiting
the full coverage approach at very high
altitude to detect small air showers at an
energy threshold of a few hundreds of GeV.

Longitude 90° 31° 50” East
Latitude 30° 06’ 38” North

90 Km North from Lhasa (Tibet)

4300 m above the sea level
~ 600 g/cm2

The Yangbajing Cosmic Ray Laboratory
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MW campaign on PKS 2155-304

First simultaneous
SED including GeV-
TeV

Unexpected
correlations:

e strong correlation
between optical and
TeV fluxes

» X-ray flux varies
independently of TeV
flux

e correlation between
X-ray flux and GeV
photon index
Challenge simple SSC
models

E2dN/dE [ erg cm? s]

: o
m““%— , r_”../;— “*§~YV it Fermi _%
10 // '. I' S—;
m-u;_ I I:I"- ' | _;
1”'14;_ g : =

10%10710%10°10410710210" 1 10 102 10* 10* 10° 10° 107 10®
E [MeV]

Aharonian, F. et al. 2009, ApJL, 696 L150
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-9.5¢
o hadronic scenario leptonic scenario
10}
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SSC proton synchrotron
--------- muon synchrotron =« synch from sec. pairs from pi0 decay
sum of hadronic components «««eaxus synch from sec. pairs from pi+- decay
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— The v-ray spectra for the sources. Blue (violet) curves indicate the LAT spectra at > 0.1 (1.0) GeV, dashed curves indicate the
stra extrapolated into the VHE region. Circles indicate the observed VHE spectrum from ground-based atmospheric Cherenkov
3, and squares indicate the VHE spectrum deabsorbed with the EBL model of Finke et al. (2010).

Absence of GeV emission from distant blazars: constraints on
intergalactic magnetic field
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WA P B AR ST —3C 454.3

3C 454.3, 4I%% 2z=0.859, 4 KEXFELtRET
ﬂﬁﬁﬁi%éEMﬁuoE” Akﬂ”

GeV INIBETZR 1L FIEIRITRVINIZ SRR,
FEHSHENEE,

R ERREEIA

E—/HJ%E 5 x 108M Bonnoli et al. (2011)

INFREESEE  La ~ 3 x 10% erg s~! (Raiteri et al. 2007)
T2 [XYEE ¢ Loir ~ 3 x 10% erg s~ (Pian et al. 2005, 2006)
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Summary and Outlook
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Outlook

1. Period variability

Long-term radio/optical light curves of blazars
possible periods several years (OJ 287, PG 1302-
102, 3C 345, AO 0235+16, 3C 273, BL Lac...)

Short-term optical/X-ray/TeV light curves of
blazars possible periods of several tens of days
(Mkn 501, Mkn 421, PKS 2155-304, 3C 66A, S5
0716+714, OJ 287, ...)
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name

redshift z

periods Py

(m+M)/10° M-

A Lyt

d/10'¢ cm

1, /108 yr

Mkn 501

BL Lac

3C 273

0J 287

JC66A

0235+16

0.034

0.069

0.158

0.306

0.444

0.940

23.6 d (X-ray)
~23d(TeV)
10.06 yr (optical)
13.97 yr (optical)
~ 4 yr (radio)
13.65 yr (optical)
8.55 yr (radio)

I 1.86 yr (optical) 6.2
~ 12 yr (infrared)

~ 1.66 yr (radio)

~ 40 d (optical)

4.52 yr (optical) >1
65 d (optical)

295 yr (optical)? >1
8.2 yr (optical)?

5.7 yr (radio)

(2-7)

(2-4)

(6-10)

1. specific disk instabilities
2. internal jet rotation, jet precession, helical structure, resulting
Doppler magnification factor changes periodically, no need for

intrinsic variations in outflows and efficiency);

3. orbiting disk hot spots;

4. low frequency gravitational wave emission and may have

(6-14)

(13-26.1)

(11.8-23.5)

(9.1-18.2)

(3.1-6.3)

(1.5-3.1)

(2.5-6)

(4.8-9.7)
(6.5-12)

(5.5-8.8)

> 1.5

> 0.95

<355

assocliated PeV neutrino emission:(Padovani & Resconi 2014).
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2. The emission model. The source of seed photons for
IC scatering to y-ray energies remains unresolved.
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LHAASO will extend
multifrequency analysis to

higher energy of a fewer
hundred TeV.
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Multifrequency analysis is
now powerful thanks to the
Fermi 7+ years era.

hadronic scenario
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leptonic scenario
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SSC — proton synchrotron

— — = synch from sec. pairs from pi0 decay

sum of hadronic components «««««:=:« synch from sec. pairs from pi+- decay
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Thank You!
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