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Hard spectrum blazar
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The spectral index is harder than the usual shock

acceleration models.
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Problems in SSC with shock acceleration

 Low maximum electron energy (far below
the Bohm limit)

e Hard spectrum (p<2)
e Multiple breaks in electron spectrum

e Spectral breaK is inconsistent with the
cooling break

e The emission seems 10 be composed of
steady and flare components.



Stochastic acceleration

e Stochastic acceleration (2 order

Stawarz & Petrosian 2008 Fermi acceleration) can produce
np.y) _ 0 [ o) 2P ﬂ o [ (22 () ﬂ} wpo o harder electron spectra,
o op o | opl\ »p | Fox » This is slower process than the usual
shock acceleration,
(Bxpc . e The log-parabola shape in observed
D(p) ~ =1 XP photon spectra may indicate the
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Temporal evolution of electron spectrum
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Solution when the cooling
and acceleration balances
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Hard spectra & lower maximum energy
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Maxwellian distribution?
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Turbulence in AGN jets

Spine-Sheath structure
Hardee+ 2007 MHD simulation

(E) a=0.0, by=0.05 (f) a=(.95, by=0.05
time 7, = 274, timesT, = 200. v, Mlzuno+ 2007
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Recollimation

Recollimation of the jet may induce
turbulences,
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Model

Steady outflow

Continuous shell ejection with a width of R,/ I" in commoving frame
Elecrton injection from R=R, to 2R, with stochastic acceleration
Turbulence Index: Kolmogorov q=5/3

 Both injection and acceleration stop at R=2R,

Physical Processes B

o Electron injection Emecekd B?
Stochastic acceleration D(e) = 3B
Svynchrotron emission and cooling
Inverse Compton emission and cooling Hereafter, ¢ = 5/3, 0, = 1/T', in; = 100.
Adiabatic cooling (Vo R2)

Photon escape B' = By(R/ Rﬂ)—l
No electron escape!

= Ke9,




Simple case

Electron spectrum Energy density ratio
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Constant injection & constant diffusion coefficient
The model parameters: I' = 25, By = 0.03 G, W' = Ry /T’ = 2.8x10'° cm, AT},
K =43x1073eVY? 571 Ny = 1.5 x 10% 57!
Kolmogorov turbulence (q=5/3) is assumed.

—W'/e,



1ES 1101-232

L, =2.6x10%ergs™
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The simple model can reproduce the spectrum of 1ES 1101-232



Mrk 421
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Borken-power-law fit
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Parameter Values from the One-zone SSC Model Fits to the SED from
Mrk 421 Shown in Figure 11

Parameter Symbol Red Curve Green Curve
Variability timescale (s)? fymin 85.64 x 104 3.6 x 103
Doppler factor 3 21 50
Magnetic field (G) B 38x102 82x107
Comoving blob radius (cm) R 52x10% 53x10P
Low-energy electron spectral index Pl 22 22
Medium-energy electron spectral index P2 2.7 2.7
High-energy electron spectral index P3 477 4.7
Minimum electron Lorentz factor ymin 8.0 x 10 4 x 10?
Break]1 electron Lorentz factor Yhekl 50x 104 22 x 104
Break? electron Lorentz factor Y2 3.9x 100 1.7 x 100
Maximum electron Lorentz factor Ymax 1.0 x 108 1.0 x 108
Jet power in magnetic field (ergs~1)°x  P; 5 1.3 x 10% 3.6 x 10+
Jet power in electrons (erg s~ 1) P, 13x10% 1.0x10¥
Jet power in photons (erg s—1)P Pipn 63 x10% 1.1 x10%

Radio should be different component in this case

Need double break and low-energy cut-off



Radial evolution in the stochastic acceleration model

Electron spectrum
e n'(ed) [erg/em’] Mrk 421
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e The radial evolution of electron injection and diffusion coefficient can generate
soft electron spectra,

e The spectral shape > 1019V is similar to those in previous studies.
e We do not need a low-energy cut-off,

Kolmogorov turbulence (q=5/3) is assumed.



Fit with stochastic acceleration

10 ef(e) [erglcm?/s] Mrk 421
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N, = No(R/Ry)" To produce a soft spectrum, increasing injection rate

with radius is assumed,

(If a>5/3, such strong evolutions may be not required)
The model parameters: T’ = 15, By = 0.13 G, W’ = Ry/T = 1.0 x 10" cm, AT, =

2W' /e, K = 1.3 x 1072 eV 571 Ny = 9.8 x 10" 57

K = Ko(R/Ry)™



Possible Solutions

 Two-zone model:}
- Spine & Sheath? *
- Gamma-ray lobe?
- But, the spectral shape is smooth,

e External Compton

- Optical seed photons from BLR
—100 hard (peak > GeV)
- Radio photons?




SSC+EIC

2
107 ef(e) [erg/cm/s] Mrk 421
o External radio photons can
be seed photons for GeV-IC
| emission,
107 10 e Thin lines show temporal
evolution of photon spectrum
from “one shell” .
11 » The steady spectrumis a
10 superposition of
contributions from multiple
shells at different radii.
1 0 12
1 0 13
1 O 14

External photon: L., = 4.9 x 10%® erg s !, the spectral peak at 107% eV (240 MHz)



Summary

 SA model can naturally explain hard spectra as
seenin T1ES 1101-232.

» Radial evolution of the electron injection rate &
diffusion coefficient can produce softer spectra
such as that in Mrk 421.

— We do not need artificial spectral-breaks.

— The spectral cut-off shape is naturally reproduced.
- The radio spectrum is also fitted.

- External IC may be required to fit the GeV flux

e Seed photons for external IC are radio.
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