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Requirements for hadronic models

* To exceed p-g pion production threshold on interactions

with synchrotron (optical) photons: E; > 7x10"™ E ), ., eV

* For proton synchrotron emission at multi-GeV energies:
E, upto~10" eV (=> UHECR)

 Require Larmor radius
r ~3x10" E,o/B;cm<afewx 10" cm => B>10G

(Also: to suppress leptonic SSC component below
synchrotron)



Semi-analytical hadronic model

Primary e~ synchrotron + SSC as for leptonic model
Power-law injection spectrum of ultrarelativistic protons
Proton spectrum: Quasi-equilibrium - injection; sy., pg, adiabatic cooling;
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X-Ray and Gamma-Ray Polarization

For both leptonic and hadronic models:

Upper limits on high-energy polarization, assuming perfectly ordered
magnetic field perpendicular to the line of sight

* Synchrotron polarization:

Standard Rybicki & Lightman
description

« SSC Polarization:

Bonometto & Saggion (1974)
for Compton scattering in

Thomson regime (Zhang & Bottcher, 2013, ApJ, submitted)
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Leptonic and Hadronic

Model Fits to LBLs

BL Lacertae
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Polarization: BL Lacertae
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Leptonic and Hadronic
Model Fits to IBLs
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Characteristic Model Parameters

Flat Spectrum Radio Quasars (FSRQSs)

Parameter Leptonic Hadronic
model model
Kinetic jet power in electrons L, [erg/s] (5-10)x10** (1-10) x 1043
Kinetic jet power in protons L, [erg/s] (n, = n,) (5-90)x 10%  (3-40) x 1048
Magnetic field [G] 1-4 10 - 20
Doppler factor D 15 - 25 15 - 25
Electron injection g, ~ 103 200 — 900
Electron injection g, ~5x10* (1-4)x104
Electron injection index q, 3.2-3.8 29-41
Proton injection E,, [eV] (1-4)x108
Proton injection index q, 1.6-24

Proton dominated (if n, ~ n,), Strongly proton
approx. e-B equipartition dominated



Characteristic Model Parameters

Low-Frequency-Peaked BL Lacs (LBLS)

Parameter

Kinetic jet power in electrons L [erg/s]

Kinetic jet power in protons L [erg/s] (n, = n,)

Magnetic field [G]
Doppler factor D

Electron injection g,
Electron injection g,
Electron injection index q,
Proton injection E_ ., [eV]

Proton injection index q,

Leptonic
model

(1 —10) x 104
(5 —90) x 104
1-3

10 — 20
~103

~105
3.0-3.5

Proton dominated (if n, ~ n,),
approx. e-B equipartition

Hadronic
model

(9 - 150) x 1042
~1049
10 — 100
10 - 20
100 — 300
~104
3.0-35

(5 —50) x 107
1.3-24

Strongly proton
dominated



Characteristic Model Parameters

Intermediate BL Lacs (IBLS)

Parameter Leptonic Hadronic

model model
Kinetic jet power in electrons L, [erg/s] (1—10) x 104 (1-30) x 1042
Kinetic jet power in protons L, [erg/s] (n,=n,)  (1-10)x 10 ~(2 —100) x 1046
Magnetic field [G] 0.1-1 10 — 30
Doppler factor D 30 - 40 15 - 30
Electron injection g, ~(1-9)x 103 ~ 800
Electron injection g, ~10° ~(1-2)x104
Electron injection index q, 24-238 26-2.8
Proton injection E,, [eV] ~1.5x10"8
Proton injection index q, 2.0

Approx. Equipartition Strongly proton
between all constituents dominated



Summary

Both leptonic and hadronic origin of high-energy emission from AGN
jets are viable.

Leptonic models often possible near (e - B) equipartition (but proton
dominated if n, = n,); hadronic models always proton dominated.

Hadronic models consistent with AGN jets as sources of UHECRSs;
require large jet powers (1047 — 104 erg/s).

Possible distinguishing diagnostics:
(1) Rapid, (un)-correlated variability
(2) X-ray (gamma-ray?) polarization

Based on:
Bottcher, M., Reimer, A., Sweeney K., & Prakash, A., 2013, ApJ, 768, 54

Zhang, H. & Bottcher, M., 2013, ApJ, submitted
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Spectral modeling results along the

Blazar Sequence: Leptonic Models
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Spectral modeling results along the
Blazar Sequence: Leptonic Models

A
High magnetic fields (~ a few G); Radio Quasar (FSRQ)
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Caveats (Hadronic model)

* Neglecting p, msynchrotron radiation => Need

(a) proton energy losses synchrotron dominated

or (b) 1:decay,m << tsy,m & B<<56/ &p,9 G

* Neglecting external radiation fields

But may be important in FSRQs
(depending on Rg, ; and location of emission region)



Leptonic and Hadronic
Model Fits to FSRQs

Hadronic model: Problems with Fermi

Aceretien Bigk 3C273 spectral index and spectral breaks.
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Leptonic and Hadronic

Model Fits to LBLs
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