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The extragalactic The extragalactic γ-ray skyγ-ray sky

In the 2LAC (Ackermann+11): 

  97%  blazars
  3% other objects
 - MAGN
     - CenA lobes (Abdo+10)
 - RL-NLsy1  
 - RQ AGN+SFG (CR)
     - NGC1068 (CR+AGN) 
  
Strong γ-ray emitters:

 High radio luminosity
 Fast apparent jet speed
 High variability Doppler

Savolainen+ 2010, Lister+ 09, Kovalev+ 2009

Extragalactic γ-ray sky 
dominated by radio-loud AGN 

Hayashida+13

EGRET: 100% RL-AGN
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Relativistic jetsRelativistic jets

 Luminosity ~ 1049 – 1050 erg/s
 Linear size ~ (sub-)pc to Mpc 

Non-thermal emission

 Low energy: synchrotron

 High energy: inverse Compton

Relativistic electrons can 
scatter low energy photons

 their own synchrotron photons 
(Synchrotron-self Compton)

Seed photons: 

 external photons from torus, disk, 
BLR... (External Compton)

Donato et al. 2001
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Open questionsOpen questions

BLR

TORUS

UV

IR

 Sub-pc scale

WHERE? HOW?

UV, optical 
from BLR

 pc scale IR from torus

Magnetic field 
 reconnection

 > 10 parsec
Standing conical 
shock

WHO?

Internal shock

Reconfinement 
shock

Synchro from 
different e- 

population

 Two-zone 
model

Velocity gradient Synchro from 
different e-  

population

Ghisellini+08
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3C 454.3: 3C 454.3: γγ-ray light curve-ray light curve

Fermi weekly light curve
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3C 454.3 was the most active blazar in gamma rays during the first 3 years of 
Fermi operation. Then it entered in a sleeping state. Now it is waking up...



  

The The γ-ray regionγ-ray region

γ-ray Fermi 

43 GHz VLBA

15 GHz OVRO

The rise of the mm flux 
density precedes the 

γ-ray flare 

γ-ray produced pc 
away from the core

γ-ray region opaque to 
cm emission

22 GHz VERA
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The The γ-ray regionγ-ray region

γ-ray Fermi 

43 GHz VLBA

15 GHz OVRO

The increase of γ-ray 
and mm emission 
seems simultaneous. 
At 15 GHz it is delayed 
by about 2 months. 

Co-spatiality of γ-ray 
and mm emission 
produced on pc scale

3C 454.3

 IR photons from the 
dusty torus
 Synchro photons from 
different e- population

Sikora+08

Reconfinement shock in 
toroidal magnetic field 
+ IR photons

22 GHz VERA
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Magnetic fieldMagnetic field

Mar 11

Apr 11

Jul 11

 VLBI: Flux and polarization dominated by the knot 
ejected in Dec 2009.

Jorstad et al. 2013

Knot EVPA parallel to the jet axis, as expected for 
internal shock or reconfinement shock in a toroidal 
magnetic field (e.g. Sikora+08)

 Single dish: EVPA rotates of about 90°

Lee et al. 2013
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Why study PKS 1510-089?Why study PKS 1510-089?
 FSRQ at z=0.361
 Strong variability across the entire 
e-m spectrum
 Highly superluminal jet components  
ejected close in time with a γ-ray flare
 Detected at VHE (E>100 GeV) 

 High level of polarized emission 
in radio and optical bands
 Large rotation of the EVPA 
close in time with γ-ray flares

Orienti+ 2011
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Multi-wavelength analysisMulti-wavelength analysis

The peak flux density is not 
simultaneous at the various 
frequencies due to opacity 
effects.

In the millimeter regime the 
maximum occurs at the end of 
September, although the 
sparse time coverage does not 
allow an accurate estimate.

At decimeter wavelength (2.6 
GHz), the flux density was 
still increasing on 2012 
January. 
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Orienti+ 2013



  

The origin of the The origin of the γ-ray emissionγ-ray emission
The huge radio flare reached its maximum in the millimeter close in time 
with the γ-ray flare of 2011 October, suggesting a common emitting region.
If the onset of the mm flare is a consequence of a shock propagating along the 
jet, it turns out that the γ-ray flare occurs off-nuclear:

ΔT
obs

 = 40 days
β

app
 = 20.5c

θ  = 3°

Δr
proj

 ~ 0.5 pc 

Δr ~ 10 pc 

Δθ ~ 0.1 mas 

The July γ-ray flare may be due to a first perturbation occurring in the central 
region opaque to the radio emission. As it propagates it becomes visible at longer 
wavelengths. As it passes through a standing shock a second γ-ray flare is 
produced, while the shock becomes visible as a superluminal knot.
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Light curvesLight curves

VHE

VERA lc poorly sampled, but in 
agreement with F-GAMMA

The source entered in a 
new high activity period

Pre
lim

in
ar

y

Pre
lim

in
ar

y
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γ-ray Fermi 

22 GHz VERA



  

Towards the futureTowards the future

KAVA VERA 

2.3 Jy/b
2.4 Jy/b

2013/12/2
2013/12/5

KAVA can image the jet base 

Pre
lim

in
ar

y

Image: K. Niinuma
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MOJAVE is changing strategyMOJAVE is changing strategy

DA 55

M 87

1510-089

DA 406

M
IS

SIN
G!!
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SummarySummary

VERA monitoring of the bright sources is crucial for investigating 
the variability of the core region

KAVA can pick up the jet structure and reveal changes in the jet
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Towards the futureTowards the future

Medicina

Noto
Sardinia

Italy+Japan will provide very long 
baselines

The angular resolution will improve 
of ~ an order of magnitude 
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Towards the futureTowards the future

KAVA+Italy VLBA 
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