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Radiative cooling
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Hadronic Blazar Models
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Leptonic and Hadronic Model Fits

to Blazar SEDs
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Lepto-Hadronic Model Fits
to Blazar SEDs
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Possible Distinguishing Diagnostic:

Polarization
* Synchrotron Polarization

For synchrotron radiation from a power-law distribution of
electrons withne (y) ~y-p - Fv~v-a witha =(p-1)/2
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Compton Polarization

Compton cross section Is polarization-dependent:
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Calculation of X-Ray and Gamma-Ray
Polarization in Leptonic and Hadronic
Blazar Models

* Synchrotron polarization:
Standard Rybicki & Lightman description

* SSC Polarization:
Bonometto & Saggion (1974) for Compton scattering in Thomson regime

* External-Compton emission: Unpolarized.

Upper limits on high-energy polarization, assuming perfectly ordered
magnetic field perpendicular to the line of sight (Zhang & Bottcher 2013)



X-ray Polarimeters
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Gamma-Ray Polarimetry
with Fermi-LAT
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X-Ray and Gamma-Ray
Polarization: FSRQs
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Hadronic model:
Synchrotron dominated
=> High N, throughout
X-rays and y-rays

Leptonic model:

X-rays sy. Dominated =>
High I, rapidly
decreasing with energy;
y-rays SSC/EC dominated
=> Small I'.
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Observational Strategy

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 3C279
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Gamma-Gamma Absorpton /
Pair production

Threshold energy Ethr for a y-ray interacting with a background
photon field of photons with characteristic photon energy E1.:

e sthr ~ 1/e1 e = Eph/(mec2)

el +

Lack of yy absorption signhatures in
blazars and GRBs used for lower
limits on Doppler factors gpeak = 2 sthr ~

(Baring 1993; Dondi & Ghisellini 2lel
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Polarization-Dependence of

Gamma-Gamma Absorption
For polarized y-rays and target photons:
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Vv absorption in a high-energy
synchrotron source (GRB)

y-ray and target photons have the same orientation of
polarization (perpendicular to B-field: PL > P||) =>
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Vv absorption in a high-energy
synchrotron source (GRB)

=> Expect increasing polarization at break due to yy-absorption
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Dependence on Spectral Index
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Polarization Angle Swmgs

Optical + y-ray variability of LSP blazars
often correlated

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

Swings

3C279 (Abdo et al. 2009)
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Helical magnetic fields in a bent jet

Helical streamlines, guided by a
helical magnetic field

Turbulent Extreme Multi-Zone Model
(Marscher 2014)

Mach disk
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Tracing Synchrotron Polarization
In the Internal Shock Model

Electron Density
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Light Travel Time Effects
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Shock propagation
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Shock positions at equal photon-arrival times at the observer
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Flaring Scenario:
Magnetic-Field Compression
perpendicular to shock normal

- [——0.00~0.69 d
[ |——1.39~2.08d
i 2.78~3.47 d
| | ——4.17~4.86 d
5.56~6.25 d

Baseline parameters
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Flaring Scenario:

Magnetic-Field Compression

Derpendlcular to shock hormal

10" m—
Synchrotron + Accretlon DISk
0 i T SEDs
8 F N
= 10 —
10 [ 0.00~0.69d
[ | ——1.39~2.08d
ul 2.78~3.47d
10— —4.17~4.86 d
5.56~6.25d
osrFrequency-dependent //
~.Degree of Polarlzatlon I‘I 4
= e =
04 /
< /
0.2
0.0L— \\\\ s T.::.I |\ \ .Tfuf‘juuml T ETITT B E AT
50'8 0°® 10* 10° 10" 10° 10’

Photon Energy (keV)

PKS 1510-089

06 Degree of Polarlzatlon I'I -
o VS. time
ol - \ |
= 7 —
0.3 \ 4
02—__\\\ | \\ | |
0.1 _‘II"-\;.' ‘:‘.r'f’; B — - — “l\"-\. J I
0.0F— 1:?{/ | ——— \Igr F——F+—+— -
280 —041~1.24 mm 7
N
240k || 500~600 nm .
1A 8~20 eV
i e A .
E 160 I ! -
a ] L |
= Polarization \ |
. angle vs. time e ]
o 1z s 4 s s 1
Time (d)

(Zhang et al. 2014)



Application
to the FSRQ
3C279

Simultaneous
optical + y-ray flare,
correlated with a
1800
polarization-angle
rotation .

(Abdo et al. 2009)
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Application to 3C279

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

Photon Energy (eV)

10° 10° 10° 10°

1079 EI T I T T I T T I T T I T T I T - 1048
Low State -
High State @
m  |Low State
10" E| © High State < 107
‘Tw P
kb (o
14 -
5107 F 10" 5
% a
o, w
LL> @] le
>
10" E 10*
F D
107" ' '
10° 10" 16* 10%*
Frequency (Hz)

(Zhang et al

905

[ X I T T I
10 | Flux i
m  3-day Bin Data| 1
ar A 7-day Bin Data|
8 |- | + o 3-day Bin Data| |
. A 7-day Bin Data| 1
S A =
O _
[&]
5 sr g
“7‘9 4l =
w3 d
2| | a
'+ Fermi Lightcurve .
0 " | L 1 1 1 s | L |
875 880 885 890 895 900 905
MJD-54000
4.0
Flux | 1
35 m  Datal _
30k i
Eﬁ 251 g
u
20 F i
15 =
| R-Band Lightcurve
875 880 885 890 895 900
MJD-54000
. 2015)



Application to 3C279

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

Both leptonic and hadronic models can fit blazar SEDs well.
Possible distinguishing diagnostic: Hadronic models predict large
hard X-ray / y-ray polarization.

Intrinsic yy-absorption of polarized y-rays in polarized target photon
fields is suppressed compared to unpolarized emission; degree of
polarization is expected to increase due to polarized W—absorptlon

Synchrotron polarization swings (correlated with y-ray flares) do not
require non-axisymmetric jet features!

Simultaneous fit to SEDSs, lightcurves, polarization degre
and polarization-angle swing of 3C279 requires
magnetic energy dissipation.

Haocheng Zhang:
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