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The AGN Zoo
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Blazars

e Class of AGN consisting of
BL Lac objects and gamma-
ray bright quasars

« Rapidly (often intra-day)
e Variable

-

Quasar 30175
YA Som image (o) NEAD 1296
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Multiwavelength Variablility

1ES 1959+650 (2002)

(Krawczynski et al. 2004)

PKS 1510-089 (2008 - 2009)

(Marscher al. 2010)
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Blazar Variability:

Variability of PKS 2155-304
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(Costamante et al. 2008)

VHE y-ray and X-ray variability
often closely correlated
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VHE vy-ray variability on
time scales as short as a
few minutes!



Blazars

e Class of AGN consisting of
BL Lac objects and gamma-
ray bright quasars

« Rapidly (often intra-day)
e Variable

-

e Strong gamma-ray sources

Quasar 30175
YA Som image (o) NEAD 1296



Blazar Spectral Enerqy
Distributions (SEDs)
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ow-energy (probably synchrotron):

Non-thermal spectra with _ _
radio-IR-optical(-UV-X-rays)

two broad bumps:
» High-energy (X-ray — y-rays)



Blazars

e Class of AGN consisting of
BL Lac objects and gamma-
ray bright quasars

« Rapidly (often intra-day)
e Variable

-

e Strong gamma-ray sources
e Radio jets, often with
superluminal motion

Quasar 30175
YA Som image (o) NEAD 1296



Superluminal Motion

The MOJAVE Project (Lister et al.)






Blazars

e Class of AGN consisting of
BL Lac objects and gamma-
ray bright quasars

« Rapidly (often intra-day)
e Variable

-

e Strong gamma-ray sources

e Radio jets, often with
superluminal motion

 Radio and optical polarization

Quasar 30175
YA Som image (o) NEAD 1296



Optical + y-ray variability of LSP blazars

Polarization Angle Swmg_

often correlated

Sometimes Oly flares correlated with
Increase in optical polarization and multiple
rotations of the polarization angle (PA)

150

F (10-7 phot em=2 s-!)
o
o

100

O,ILEOO GeV él é
y—rays (Ferml)é
— ::f 3 +; E :

i, tmn b

#+t§++ % + ++ﬁ+++*+

L Red LA IR
AL B N

R Band

Optlcal

,u “.ﬂ"hi E i

.. | ~P'~|‘ o 0@ o t'lj..'

I
4850 4900
JD — 2450000

| 4950 V

(mJy)

> 0.5

log,, F
o

x (degrees) P, (%)
s & - w
o o o o [=]

T\N]
-]
o

PKS 1510-089 (Marscher et al. 2010)

4]
o
T 1

ITIIIIWIII'IITT

[ ]
L4
P
.I

TTT1

R-Band Flux Denmty ®

i

« M
QLﬁW '?';t“j

L ]
|__IIJII~PIII1JIII|II11_

Optlcal Polarlzatlo

|
[
n

-




Open Physics Questions

Source of Jet Power (Blandford-Znajek /
Blandford/Payne?)

Physics of jet launching / collimation /
acceleration — role / topology of magnetic fields
Composition of jets (e~-p or e*-e- plasma?) —
leptonic or hadronic high-energy emission?
Mode of particle acceleration (shocks / shear

layers / magnetic reconnection?) - role of
magnetic fields

Location of the energy dissipation / gamma-ray
emission region



Qe (1,1)

Leptonic Blazar Model

Injection,
acceleration of
ultrarelativistic
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Seed photons:

Synchrotron (within same region [SSC] or

slower/faster earlier/later emission regions
[decel. jet]), Accr. Disk, BLR, dust torus (EC)



Sources of External Photons
(<« Location of the Blazar Zone)

Direct accretion disk emission (Dermer etal.. =
1992, Dermer & Schlickeiser 1994
—>d<few100—1000Rs- ®

Optical-UV Emission from the BLR
(Sikora et al. 1994) N
—d<~ pc

Narrow Line
Region

Broad Line
Region
- Jet
Infrared Radiation from the Obscuring
Torus (Blazejowski et al. 2000)

—d~1-10s of pc

Synchrotron emission from slower/faster Black
regions of the jet (Georganopoulos & Hole/g
Kazanas 2003)

— d ~ pc - kpc

Spine — Sheath Interaction
(Ghisellini & Tavecchio 2008) /

— d ~pc - kpc Obscuring
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Gamma-Gamma Absorption

e External: EBL
Internal: BLR Radiation field
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Hadronic Blazar Models

Relativistic jet outflow

Injection,
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Requirements for lepto-hadronic models

 To exceed p-y pion production threshold on interactions
with synchrotron (optical) photons: E; > 7x10'° E*, ., eV

e For proton synchrotron emission at multi-GeV energies:
E, up to ~ 10*° eV (=> UHECR)

e Require Larmor radius
r, ~3x10P° E,o/Bgcm<afewx 10> cm => B>10G

(Also: to suppress leptonic SSC component below
synchrotron) — inconsistent with radio-core-shift
measurements if emission region is located at ~ pc scales
(e.g., Zdziarski & Bottcher 2015).

 Low radiative efficiency: Requiring jet powers Lig; ~ Lggyq
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Leptonic and Hadronic Model Fits
Along the Blazar Sequence

3C66A (IBL)

A
gt s
ey -
£ .

®  Fermi Dark Run
B  Fermi Flare

A& MDM: Oct. 6, 08:24 UT | ¥
& MODM: Oct 10, 09:36 UT | & '§

4 UVOT: Oct 4
4 UVOT: Oct 5 :
A XAT: Oct 4 s
3
*

XRT: Cct 5 \
PAIRITEL, Oct. 6 i
+ PAIRITEL, Oct. &
VERITAS Dark Run i3
VERITAS Flare !
F-Gamma

Chandra, Ua:':}f@-.-

=
.

-

" Red = leptonic

Green = leptoshadronic [~ .
| | i Y | | i
1012 1014 1015 1018 102G 1022 1024

v [Hz]

T

=L 41

[ )



EF [Jy Hz]

L epto-Hadronic Model Fits
Along the Blazar Seguence
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Distinguishing Diagnostic: Polarization

e Synchrotron Polarization

For synchrotron radiation from a power-law distribution of
electrons with n (y) ~yP — F,~ v with o = (p-1)/2
For perfectly ordered, homogeneous B-field:

sy — p+1 _ a+1
g = -
p+7/3 a+5/3

P=2—->I11=69 %

P=3—->I1I=75%



Compton Polarization

Compton cross section is polarization-dependent:

do 8 (EN (£, € yiure. e
a0 4 € €/ €

& = hv/(m,c?):

Thomson reginl%s =g’
=do/dQ2=01ifee’=0

= Scattering preferentiallyl’l
the plane perpendicular to e!

Preferred polarization direction
IS preserved; polarization
degree reduced to ~ Y2 of
target-photon polarization .




X-ray Polarimeters
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Gamma-Ray Polarimetry

e*e pair is preferentially produced in the plane
of (K, €) of the y-ray.
Potentially detectable at E <200 MeV
— PANGU / eASTROGAM



X-Ray and Gamma-Ray
Polarization: FSRQs
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Polarization: IBLs
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Observational Strateqgy

Results shown here are upper limits (perfectly ordered
magnetic field perpendicular to line of sight)

Scale results to actual B-field configuration from known
synchrotron polarization (e.g., optical for FSRQs/LBLS)

=> Expect 10 - 20 % X-ray 30279
and y-ray polarization in 10f | | |
hadronic models! 085 A Lo 55 |

Zosk R iy |
X-ray and y-ray polarization go.zﬁ e it o |
values substantially below 02F 7, 5
synchrotron polarization will - H
favor leptonic models, 107 —=
measurable y-ray =
polarization clearly favors ~ 5.10°% E
hadronic models! ] .

| l_E

i
(Zhang & Bottcher 2013) v [Hz]



Tracing Synchrotron Polarization
In the Internal Shock Model

Electron Density .
Electron Spectrglm N(r.z)

Magnetic Field B(r.z)

Viewing direction in 4 K_
comoving frame:

3DPol (Zhang et al. 2014)

Ogps ~ T/2 L ok » Solve electron dynamics
| > and (unpolarized)
- V radiation transfer with
S Monte-Carlo / Fokker-
S o o | Planck scheme (Chen et
S * bulk motion 3|, 2011, 2012)
QL& Y |
§ 2] ™ External Radiation ° Tlme'dependent;
f’ S '0) polarization-dependent
§ &8 ray tracing for

polarization signatures



Light Travel Time Effects
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Shock positions at equal photon-arrival times at the observer



Application
to the FSRO
3C279

Simultaneous
optical + y-ray flare,
correlated with a
180° polarization-
angle rotation .

(Abdo et al. 2009)
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Proposed Alternatives

Helical magnetic fields in a bent jet

Helical streamlines, guided by a
helical magnetic field

Turbulent Extreme Multi-Zone Model
(Marscher 2014)
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Application to 3C279

Simultaneous fit to SEDs, light
curves, polarization-degree and
polarization-angle swing

Photon Energy (eV)
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Application to 3C279

Requires particle acceleration
and reduction of magnetic field,
as expected in magnetic reconnection!

25 T T ' T T T ' T ' T . 120 T d T Y
] ' i EVPA| -
Degree of of = Data -
20 | . . - i o Data | T
Polarization * o
30 | . ] i
cr Polarization
0} i
Angle
10 | a0 L
60 |
St PD |-
m Data | 90 |-
o Data - +
0 . 1 : 1 \ 1 " 1 p 1 A -120 L 1 1 1 L L L L "
875 880 885 890 895 900 905 875 880 885 890 895 900 905
MJD-54000 MJD-54000

(Zhang et al. 2015)



Summary

1. Lepontic and hadronic models generally provide equally good SED
fits. Possible diagnostics: Neutrinos, Variability, Polarization

2. High-Energy Polarization as Diagnostic: X-rays and y-rays are
expected to be more highly polarized in hadronic models than leptonic
ones.

3. Polarization-angle swings correlated with MW flares do not require

non-symmetric jet features and can simply be explained through light-
travel-time effects in a straight jet with a helical magnetic field.

4.  For 3C279, this model implies a mechanism of magnetic energy
dissipation driving the mutli-wavelength flaring activity.
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