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AGN：Fermi BL Lacs

Yan+



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



Problems in SSC with shock acceleration

•Low maximum electron energy (far below 
the Bohm limit)

•Hard spectrum (p<2)

•Multiple breaks in electron spectrum

•Spectral break is inconsistent with the 
cooling break

•The emission seems to be composed of 
steady and flare components. 



Stochastic acceleration

Stawarz & Petrosian 2008

λ2: Maximum wave length

Electron distribution

• Stochastic acceleration (2nd order 
Fermi acceleration) can produce 
harder electron spectra.

• This is slower process than the usual 
shock acceleration.

• The log-parabola shape in observed 
photon spectra may indicate the 
stochastic acceleration (Tramacere+ 
2009)



)1( acc =∝ qpt )3/5( 3/1
acc =∝ qpt )2( 0

acc =∝ qpt

Hard spectra & lower maximum energy

Temporal evolution of electron spectrum
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Steady state solution

Solution when the cooling 
and acceleration balances



Maxwellian distribution?

Lefa+ 2011
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3/1=pα for Kolmogorov

In extreme cases, the acceleration &
cooling balance each other,
then we have very hard spectrum.



Turbulence in AGN jets

Kelvin Helmholtz Instability

Mizuno+ 2007

Hardee+ 2007 MHD simulation

Double layer in M87 jet

Spine-Sheath structure



Recollimation

Recollimation of the jet may induce
turbulences.

Komissarove & Falle 1997

Kohler+ 2012

Induce
turbulence?



• Steady outflow
• Continuous shell ejection with a width of R0/Γ in commoving frame
• Elecrton injection from R=R0 to 2R0 with stochastic acceleration
• Turbulence Index: Kolmogorov q=5/3
• Both injection and acceleration stop at R=2R0

Model

• Electron injection
• Stochastic acceleration
• Synchrotron emission and cooling
• Inverse Compton emission and cooling
• Adiabatic cooling （V∝R2）
• Photon escape
• No electron escape!

Physical Processes



Simple case
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Constant injection & constant diffusion coefficient

Electron spectrum Energy density ratio

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



１ES 1101-232

The simple model can reproduce the spectrum of 1ES 1101-232
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Mrk 421

Abdo+ 2011-

Best example of Wide-band spectra



Borken-power-law fit

Need double break and low-energy cut-off

Radio should be different component in this case



Radial evolution in the stochastic acceleration model
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• The radial evolution of electron injection and diffusion coefficient can generate 
soft electron spectra.

• The spectral shape >1010eV is similar to those in previous studies.
• We do not need a low-energy cut-off.

Electron spectrum Energy density ratio

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



Fit with stochastic acceleration

To produce a soft spectrum, increasing injection rate
with radius is assumed.
(If q>5/3, such strong evolutions may be not required.)

Hard to reconcile GeV
data.
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Possible Solutions

•Two-zone model:

– Spine & Sheath?

– Gamma-ray lobe?

– But, the spectral shape is smooth.

•External Compton

– Optical seed photons from BLR

⇒too hard (peak > GeV)

– Radio photons?



SSC+EIC

• External radio photons can 
be seed photons for GeV-IC 
emission.

• Thin lines show temporal 
evolution of photon spectrum 
from “one shell”.

• The steady spectrum is a 
superposition of 
contributions from multiple 
shells at different radii.



Summary

•SA model can naturally explain hard spectra as 
seen in １ES 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

•Seed photons for external IC are radio.
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