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Understanding jet launching through polarization 
observations. 
 
(1) Cores and opacity: effect on polarization 
 
(2) Review some of what’s new in jet polarization  
 
(3) New images and more on 3C 273 
 
(4) Currents in jets 
 
 



(1) CORES AND OPACITY 
Shocking news! The EVPA does not flip by 90 degrees at tau = 1 
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MOTTER and GABUZDA 2017 

“18-22 cm VLBA Faraday rotation studies 

of 6 AGN jets” 



(2)  OTHER NEW PAPERS ON JET POLARIZATION 



Kravchenko, 
Kovalev and 
Sokolovsky 2017 
 
“Parsec scale 
Faraday rotation 
and polarization of 
20 active galactic 
nuclei jets” 



Kiehlmann +++ 2016 
 
“Polarization angle 
swings in blazars: The 
case of 3C 279” 



Lyutikov and Kravchenko 2017 

“Polarization swings in blazars” 



Pushkarev, Kovalev, Lister 

and Savolainen 2017 

“MOJAVE – XIV. Shapes and 

opening angles of AGN jets” 



Mościbrodzka, 

Dexter, Davelaar and 

Falcke 2017 

“Faraday rotation in 

GRMHD simulations 

of the jet Launching 

zone of M87” 



Gold, McKinney, Johnson and Doeleman 2017 

“Probing the Magnetic Field Structure in Sgr A* on Black Hole Horizon Scales with 

Polarized Radiative Transfer Simulations” 



Zhang, Li, Guo and Taylor 2017 

“Polarization Signatures of Kink Instabilities in the 

Blazar Emission Region from Relativistic 

Magnetohydrodynamic Simulations” 



Lico, Gómez, Asada and Fuentes 

“Interpreting the time variable RM 

observed in the core region of the TeV 

blazar Mrk 421” 



(3) New images and more on 3C 273 
 



Tingdong Chen, Brandeis PhD thesis, 2005 
 
Four epochs over nine months, 1999.26 – 
2000.04, 
 
observing at 8, 15, 22 and 43 GHz 

8 GHz images from 1999.37 
top – I image 
middle – P image with EVPA tick marks 
bottom – fractional polarization (color) 
    superposed on I contours 









MID-POINT RM 
VARIABILITY: 
 
Much larger amplitude, 
 
Timescale = years 



3C 273 pc-scale rotation measure observations 



The gradient is variable and scales roughly as (core distance)^-2 



The ridge line RM is also variable on time scales of months to 
years. This may be due to moving jet components sampling 
different parts of the (very nearby) Faraday screen. 





De-rotated “B vectors” 

Here is a simple model for the magnetic field 
that may explain three persistent features: 
(1) Transverse RM gradients 
(2) Fractional polarization minimum in the 

center of the jet 
(3) Net B field is longitudinal 

 MAGNETIC FIELD MODEL 



Jonathan Mizrahi, senior honors thesis, 2007 

Laing, Canvin & Bridle 2006 
and Laing 1980 The longitudinal field is not vector ordered. It 

therefore does not cause the transverse asymmetry 
intrinsic to a helical field (except at θ = 90o), and 
may avoid the conservation of flux problem. The 
loops may be continuously generated by boundary 
layer interactions plus a modest amount of shear. 

Theta=9
00  



A toroidal component of the magnetic 
field requires that a current, I, flows down 
the jet (by Ampere’s law) .  
 
The graph on the left is for a uniform 
current density in a jet of radius R, carrying 
a total current  I. 

The field inside the jet 
gives rise to the observed 
synchrotron radiation, and 
probably to modest 
internal depolarization of 
the radiation. 

The field outside of the jet is where 
nearly all the observed Faraday 
rotation occurs, including the RM 
gradient, in a sheath of plasma  
surrounding the jet. Moving VLBI 
components can map out the 
properties of the plasma. 



Here, b is the ratio of longitudinal field to toroidal field at the jet surface. 



CURRENTS IN JETS 

The current is given by 𝐼𝐼 =  2πR𝑗𝑗𝑗𝑗𝑗𝑗 B𝑗𝑗𝑡𝑡𝑡𝑡  
µ0

 
The median value of the magnetic field from core-shift measurements is 1 G 
at 1 pc. (e.g. Pushkarev ++ 2012) 
The median intrinsic jet opening angle is 1.3o (e.g. Pushkarev ++ 2017) 
 
These then   give a typical jet current   𝐼𝐼 ~ 2 x 1017A 

Kronberg ++ 2011 have measured the 
current in a Kpc –scale jet, in the radio 
galaxy 3C 303, also using an observed 
RM gradient.  Jet knot C/E3 is about 20 
kpc from the nucleus, and they 
determine a value for the current of  
𝐼𝐼 ~ 4 x 1017A.  
Here, as in 3C273, the conventional 
current is away from the nucleus, so if 
the charge carriers are electrons, they 
flow down the jet towards the 
nucleus. 



Thank you for your attention, 

And thanks to the organizers for this 
very excellent meeting 

Eυχαριστώ 
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