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AcCtive Galactic Nuclel
CRARAGTERISTICS

« central nucleus outshines the rest of the
galaxy

 high luminosity (normally)

- emission across entire spectrum ... radio

to keV, MeV, TeV
= non-thermal

* strong \/avcabcut&
- radio-loud sources:
~relativistic jets .. superluminal
motion
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Active Galactic Nuclei

ADTIVE BALAYX]

What we see depends on how we view it ...

Nmm-mgﬂ.mmdwsmﬁ”mm
have high-energy nuciel but appear 15 be surounded By & more-or-less “normal” gl
harve long, namow jets of beams of matier streaming out from e cocter. Displayed heve i n lust
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Active Galactic Nuclei

low power

g
g
- FR-I
:
8
g
NLRG

Seyfert 1

radio-quiet (RQ) AGN
. .
. »
/ .

high power

custy absoroer

accretion dsc
electron plasma
black hole

broad line region
narrow line region

BECKMANN & oHRADER,
ASTRO-PH/150Z 1597

T —

e ———
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Active Galactic Nuclei

Active Galactic Nuclei
(A few % of all galaxies)

CLASSIF ICAT ION

l
I I
Radio—quiet Radio-loud
(85% — 95%) (5% — 15%)
|
[ I I -
Spirals QSOs- - - - . Ellipticals
The most common  Quasi-Stellar  ° f’/;-_ e
class of AGN Objects T
I Fanaroff-Riley ~ ! '
A ¢ Seyfert 2 Galavies “» FSRQs BL Lacs
"7 Haiswtt Show only I Flat Feature—
#* broad lines narrow lings g™ | Spectrum less
W i SRR PP AP T O C C LA ; . Radio optxcal
. (1 (Z { j lines) and luminosity 1 Hl_gh . Quasars spectrum
iderititie narrow lines uminosity luminosity |
) of ionized I [ I
1S feemi metals LSP,4$R-HsR LBL IBL HBL
Low, intermediate & high
soufees synchrotron peaked
. e ————
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Active Galactic Nuclei CLASSIFICATION

Active Galactic Nuclei
(A few % of all galaxies)

|
I I
Radio—quiet Radio-loud
(85% — 95%) (5% — 15%)
|
Spirals QSOs- - - - . Elhpucals
The most common  Quasi—Stellar f’/:_ e ; 7
class of AGN Objects s’
| (/io/'//
' g Fanaroff—Rlley\ 7 ' !
Seyfertl s Seyfert 2 Galaxies -+ FSRQs BL Lacs
| #5th Show only | Flat Feature—
road lmes narrow ling - ' Spectrum less
Y DRI A S DX E- T2 U ) i v @Y Y . Radio optical
. (1 (Z { j lines) and luminosity 1 Hl_gh . Quasars spectrum
ideritifie narrow lines uminosity luminosity |
of ionized I [ I
1s TeV metals LSP46R—HcR LBL IBL HBL

Low, intermediate & high

sourees synchrotron peaked

L e— e ———————
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Blazars
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Blazars

CRARACGTERIST ICS

« <5% of all AGN

- Jet points “at” us
- flat radio spectrum
- radio loud AGN

"lavge amplitude vaviabdity
- optical polarisation
- spectral energy distribution

powes. m
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Blazars

FIRST PROPOSED BY REES IN 1966 (NATURE, 211, 468) YEARS BEFORE
[T WAS FIRST OBSERVED WHEN VLBI TECHNIQUES WERE DEVELOPED

14X 1 blob moves to—

EY P in time At
i B
l>l
)
\/ v 3
OVSLRVLL

T — T

first pulse travels to observer in
time D/c; the second, emitted
time At later, has a shorter
distance 1o travel: D-Ay.
Difference in arrival fime is:

(0 - 4y)
&tobyz @t+DCA7J‘[Dt]
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Blazars

14X 1 blob moves to5

ay P in time At
o B
I>l
N/ J
N\ \2
OVSeLVER
Deirdre HORAN

Difference in arrival time is:

— (0-4y) >
&tobsz ftJr C J—[t]
substitute for Ay & rearrange:

A, = O (1-Beost)

measured transverse velocity, Vo

Vobs=

- 2018 Fermi Summer School - Lewes, Delaware



Blazars

Jo, if the plasma velocity was 0.40c and the angle fo
the observer was Jdeg, the dpparent velocity would be
.0c. The effect is maximised when cos=P ( - cos6)

S — T———

6 ) BSMG
tbs
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Blazars

- Definitions:

-Another relativistic effect occurs because the | The Doppler factor is a medsure of the
knots of plasma are moving at velocities close | strength of the beaming: & = [ " (1- g o0 |
to that of light

> When an emitting plasma has a bulk
relativistic motion relative to a fixed

Ol

- ‘ 8 V
e Lorenz factor: | = ——= where B --
Th nz factor: | e where

observer, its emission is bedmed in the
forward direction in the fixed frame

= The flux density is thus changed by
relativistic time dilation so an observer sees
Much More intense emission than if the plasma
were dt rest

(j . - — 1[ i ' £ \
T 8 1\"<chtj}1
> S ’L_ \ r_/ J 4

L and O s %eﬂ, the Xf7ooch'\|f\ﬁ '
factor will e ~[1% ;
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- The observed emission, ¥, is boosted in
energy over that emitted in the rest frame,




Blazars

DONDI & GHISELLINI (1995) MNRAS, 273, 583
URRY & PADOVANT (1995) PASP, 107, 803

- High energy gamma rays collide with softer radiation to produce e*e" pairs
= For gammas to escape from a source, the optical depth for this process T, must be sufficiently low
» The cross section for this process is maximized for collisions between gamma rays of energy ...

X, =2 and target photons of energy .. X . = S

m C

/
N i ,

- The optical depth is then defined as: 0. = — N A R

. where N is the number of soft photons, K is ﬂ\e radius of the plasma "blob" (assumed shape)
and ot is the Thompson-scattering cross section

= A useful parameter that can then be derived " is the compactness of ’rhe source - it is a direct

~<

measure of the imporfance of the pair-production process L o3

/ —
AV L/ { /
N -

» The criterion for gammas fo escape from a source is ... Tet ™~ - <<
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Blazars
SPECTRAL ENERGY DISTRIBUTTGN

PO(:)&L

enea%
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Blazars
SPECTRAL ENERGY DISTRIBUTTGN
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Models of Ylazar emission

2/

N0
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Models of Ylazar emission

SPLCTRAL ENERGY DISTRIBUTION

poweg. | “synchrofron” “inverse Compton”
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Models of Ylazar emission

Tvo fundamentally different approache
"~ to explin {he higher enengy emassio

<o

Leptonic © Hadronic

Lower fnfrgy emission due
T0 synchrotron emission from
relativistc €5 in the jet
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Models of Ylazar emission

o el || 8 Yo T fundamentally differnt appreaches

Y o o v 10 explain the higher energy emission

POO.)&K

Leptonic

* Yadiative output dominated by /e’
> high-energy photons most likely the result
of inverse Gompton scattering by the same
"5 that produced the synch
* Upscatter the low-energy photons

Lower energy emission due responsivle for first bump
0 synchrotron emission from = synchrotron self-Gompton

reloivistc es in the e+ * Upscatter photons from the broad-ling
K region, disc, forus ..

= gxterndl Gomp’ron
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Models of Ylazar emission

. 6 + ,
o Lol Y suneh Tno fur

or |
Y sy 0+ Yert e

POO.)&K

r&gion

Lower energy emission due

tamenta

i fhe

7 different approaches

gher energy emlssio

Hadronic

« both &'/e” and p accelerated to ultra-
relativistic energies

* p'5 exceed threshold for py photo-pion
production on s0ft+ photon field in emission

> high energy emission dominated by
- |7ro+on éynchro’rron

T0 synchrotron emission trom . 0 decay products

relativistc €5 in the jet

BOETTCHER, M. (2012) FERMI & JANSKY, ASTRO-PH/1200.0539

o 6ynchro+ron and Gomp’ron emission from
%cono\ary proo\uc’re of charg&o\ Fione

BOETTCHER M. (2013), ARJ (IN PRESS), ASTRO-PH/304.0605 = external Compton
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Models of Ylazar emission

o I&p’ronic modéls provio\a gooo\ fits to many blazars

RBS 0415 (ALIU ET AL 2012, APJ, 750, 94)

w I
> 102 |- i
10"
~#— Archival (MAGIC)
—&— Archival (NED) iy
~¥~ Host Galaxy (NED) A
107
) 4 " !(
W R S M R O b %) O I, P b At A R A (% S
10" 10" 10" 10%' 10% 10% 107" 10*
Frequency (Hz)
I — B

Deirdre HORAN -- 2013 Fermi Summer School - L.ewes, Delaware



Models of Ylazar emission

« leptonic models provide good fits to many blazars

- K-ray and gamma-ray emission often correlated - a fact naturally explained by SSC models

BLAZEJOWSKL M ET AL 2005, APJ, 630, 130 FORTSON ET AL. (012) GAMMA 2012

3 m; WHIPPLE ' 4 6

n 6 - ¢ .. : ' 5

; l i 4 s a® .’." ..,‘ t ,: >

5 of $e ETL , 0. 0‘%‘ . . l ".:‘. ..—:3 4 l

CU ' '3 D | -
200 ‘ g 3
B 60k e - i % T + * + °
% r
T 100 p . . 3. E. TT+ ++*+
Z 50 % Ay 2o M E + ++
- . Pée & o . +

12.0! K Band 06
Et:w% ;j M ™ Y o P e Ui ¥

= .‘. D G —g 0.4

13.5 -—

................... < 0.3 ¥ .
UMRAO 14.5 GHz = X X
0.8 i 0.2 + * X X X - x X
2 0.6 :' T & & A e o 1 1 0.1 X
kd * ¢ * . 2 $? . X X X X X X
0.4 0.0 § X x. . X
. . = 55230 o o YEL e 55240 55245 55250 ODLOY
53000 53050 53100
Modified Julian Date MJD (Doys)
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Models of Ylazar emission

« leptonic models provide good fits to many blazars

- K-ray and gamma-ray emission often correlated - a fact naturally explained by SSC models

= in hadronic models, the cooling fimes are longer, which makes it more difficult to explain the rapid
variability often seen in blazars

= Proton synchrotron can Producc raPid Variability with very high energy Protons in
cxtrcmcly magdnetised, comPact regions HOLDER, J (ZU17), ASTROPART PHYS, 59, 6l

- - S N e
e‘s 45_ %
) 3.5F
= 4 Doppler factors of
s = .
B, 28 > 100 required
8§ 2 :
a 1.5F =
| =n E
osfr AL AL 0D A0 B0 UL 4T Y
- | | ] | 3 | 4 =
0 40 60 80 100 120

Time - MJD53944.0 [min]
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Models of Ylazar emission

0.002 |

2.5¢

1.5t

15}

15.2

0.4}
0.2}

KRAWCZYNSKI ET AL (2004), APJ 601, 121

S N R

L1 LL[J*l*l*

TeV Flux | Crab |

from TeV blazar,

% e®”® Qoo
| | | | I |

10 keV Flux [ keV' em™ 5]

Pt e enmPmpm™|e

“orphan” flare

S 1959+050

0 0 0
00 o o ocs°$°° Loo Po ¢

LIII|LIIIIIIIJ|IIIIIILIII

3-25 keV Photon Index

o
0

Y,

¢t ¢ o %&‘$ﬂ*3988<¥$§

lLllLllllllJJllJlLlllll

R Magn iludef

14.5 GHz Flux [ Iy |

|
| I | | | S| lfl | 11 1 1 | | I I | l | N I I | I

0
20

40 45
Date [ MJD-52400 ]

l\adronic merls have
&)e,e,n INVo QA To

e,)(Flain H\is k)el\aviour

EG., BOETTCHER (2005), APJ, 621, 176
SAHU ET AL (2013), PHYS. REV. D
- [IN PRESS) ASTRO-PH/13054985
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

- VHE emission discovered by s [T T TaT
HESS. (ATel July 20I0) T [
Q
D10 |-
o Hard Fermi sPechmM (Z)) and r\earby & -
R i
(Z=OO‘+ﬂ) “%10-12 =
W' E
= excellent candidate for L
Tev emisSion F /
1074 E_A | E
» X-ray observations taken simultaneously ;'(;4,' B P B P 1‘6,2" 1‘;,4
with VHE reveal onset of HE component E[eV] i

at unusually low energies for a TeV BL Lac
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

10

-8

Mrk421: Finke’s code U B ) B s e e et e s

Preliminary L

ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll llI

L1l llllll

L1111 lllI

llll

N

10° 10" 10" 10™ 10" 10" 10 102 10** 10% 102 103 |0° 10* 102 1 10 10° 10° 10° 10"
v [Hz] i

1012 1014
E [eV]

|

aru C
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Models of Ylazar emission

HESS. COLLABORATION ET AL. (2013 - IN PRESS) DAVID SANCHEZ & PASCAL FORTIN

« VYHE emission discovered by
HES.S. (ATel July 20I0)

B
.
e
—

. Hard Fermi sPechrum (Z1) and r\ear\vy
(=001

E?dN/dE [ erg cm?s™]

—

Q
S
l

= excelent candidate for

—a

S
&
I

Tev emissipn

107 |/
= 4

:ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll ll lllll ll l—

o X-ray opservations taken simulfaneously 10 10* 102 1 10° 10* 10° 10° 10" 10" 10"

. E [eV] i
with VHE reveal onset of HE component
at unusually low energies for a TeV BL Lac

Difficult to model with a single zone homogeneous
SSC model due to the unprecedented width of the HE
component compared to the LE component
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The Fermi blazars
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The Fermi blazars

o No association = Possible association with SNR or PWN
4 Globular duster

—= -— ——— « AGN % Pulsar
A/ . urst Ga # ® HMB
e - + o SNR * Nova
° y .. b '. -
..o o/ e o . o .
® A A = o ..
: .‘x '. B - p ” O.. @ . ..‘ x.
. o * -, & R -

NOLAN ET AL (2012), APJS, 199, &l

1873 SOURCES 84%

B 1298 IDENTIFIED/ASSOCIATED | | AGN* | .,

T
blazars
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The Fermi blazars

1 LBAS (Abdo et. al 2009, Apd 700, 597)
Based on OFGL, 3 months data, 00 =2 TLAC (Abdo et. al ZOIO, ApJ I3, H29)

" "+ 100 high-confidence blazars Based on IFGL, || months data, ~Oc
1 e s peeme, . OL) blazars) / 599 (fotal) in clean sample
O o ¥ JEDRT N T
Y, el et 2 Saue (Aekermann et al ZOI, Apd 743, 17)
- pht o° . :' P .. - :‘0: . .‘ o, o o330

VLS s BT S LI C AN Based on ZF(iL, 74 months datd, ~Oc

. /o o N e & o o% ADE Sl | ". o

s It Ol ST L 8ol (blazars) / 83 (total) in clean sample

1 “,v. ap ) io. P 3 | +0

%
Od.' 3’
e 0@
T 00w 270 T 2400 @foc 1
! ‘ / o 4n.

,’ e [ 72
¢ o ™3

f
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The Fermi blazars

3_5 UL AL LR |
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ACKERMANN ET AL 2011, ARJ 743, 71
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The Fermi blazars

Table 5
Census of Sources

AGN Type Entire 2LAC 2LAC Clean Sample®* Low-lat Sample
All 1017 886 104
FSRQ 360 310 19
LSP 246 221 7
ISP 4 3 2
HSP 2 0 0
No classification 108 86 10
BL Lac 423 395 16
LSP 65 61 3
ISP 82 81 3
HSP 174 160 5
No classification 102 93 5
Blazar of unknown type 204 157 67
LSP 24 19 10
ISP 13 11 3
HSP 65 53 13
No classification 102 74 41
Other AGNs 30 24 2

Note. * Sources with single counterparts and without,analysis flags. See

Section 5 for the definitions of this sample.

ACKERMANN ET AL 2011, APJ 745, 171

DHf = erN
With confusion ‘ Index
06!
No conlfusion
o
2 04 !
7 \
v \
\
\
\
\
02 \
\
\
\
N
~
1 ~
0.0\ NP, § - . . I N debdbd)
10’ 10° 10° 10 10% 10°

Energy (MeV)

Figure 18. Theoretical contribution (W(E) of Equation (A3)) to TS per Ms
and per log(E) interval as a function of energy for a power-law source over the
average background at |b| > 10°. The assumed photon spectral index is 2.2.
The dashed line is for an isolated source. The full line includes approximately
the effect of source confusion.

ABDO ET. AL 2010, ARJ5 188, 409 |

'8 misaligned blazars
4 NLSyls |
10 RGN of other type |
| 2 starbursts
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The Fermi blazars

FOSSATL ET AL (1998), MNRAS, 299, 437

L4 14 14 " 14 4 | 1
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47 |- / » , - -
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="1] i ) - \ ]
b o /! / ) -
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FINKE,‘J. (2012), FERMI-JANSKY (ASTRO-PH/1301.608))

o

"' 10" 10" 10" 10® 10”107 10

"If the seed photon source for external Compton scattering is the broad line region (BLK), and the BLK strength is correlated
with the power injected into electrons in the jet, one would expect that more luminous jets have stronger broad emission lines and
greater Compton cooling, and thus a lower vy As the power injected in electrons is reduced, the broad line luminosity decreases,
there are fewer seed photons for Compton scattering, and consequently the peak synchrotron frequency moves to higher
frequencies. This is also reflected in the lower luminosity of the Compton-scattered component relative to the synchrotron

component ds vy moves o higher frequencies.” FINKE, J (2017), FERMI-JANSKY (ASTRO-PH/IZ01608])
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The Fermi blazars

FSRQs

Normalired number of scurcos
o o ¢
R
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ACKERMANN ET AL 2011, APJ 745, 171
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The Fermi blazars
The Hard Source Kigt - a m’mﬂog above 10 GeV

D. PANEQUE, FERMI SYMPOSIUM (2012)
* Work s underway to publish the lst Fermi—LAT catalog of sources 7 10 GeV

 Shape of the spectrum at > 710 GeV might not be well characterized if we use a single fit in the
energy range 0.7 GeV - 100 GeV

= Lower energies

SEE LAMB & MACOMB (1997), 488, L872

* The variakilﬂry ot From that at the

lowest energies, whic Hon of porticles

-/ I I I I

which may rodiate Lrom the same/different location

= Are sources more variable at HE than at LE ? or the other way around ?

- Understand better the population of sources emitting above 10 GeV
= What are the setirces deminaTing the hfg}zes% LAT enemfesf

-IDENTIFY PROMISING CANDIDATES FOR IACTS ... NEW VHE DISCOVERIES
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The TeV blazars
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The TeV blazars
TEVCAT *-"°
22N

+180

|45 sources 84% |
| 14 1dentified/associated AGN* | .

——  —
blazars
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The TeV blazars

As of writing this talk, there are 15 sources in TeVCat - 51 Extragalactic

@

NARY
Se\e| /

HBLs IBLs LBLs
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The TeV blazars

As of writing this talk, there are 15 sources in TeVCat - 51 Extragalactic

S 3 Radio Galaxies

2 Starbursts
// LB

Onlq +wW0 sources
are not+ AGN!

( [BL

41 HBL
!

Yios+ numerous
source class wn TeV skq
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