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Outline

● Parsec-scale radio core and the core-shift effect

● VLBA observations & measurement technique

● Results, interpretation

● Summary



  

Typical VLBI image of a quasar
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Core is the τ=1 region in the jet
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τ>1   τ~1           τ<1

Central engine is there

● Optical depth (τ) at a given observing 
frequency (ν) varies with distance from 
the central engine.

● Most of the emission comes from τ~1 
region (photosphere).

Core is the τ=1 region in the jet



  

The core shift effect

τ>1   τ~1           τ<1

Central engine is there

τ>1   τ~1           τ<1

Jet at frequency ν1

Jet at frequency ν2

(ν1>ν2)

Position of the τ=1 surface depends on ν - this is known as 
the core shift effect.



  

So... Why bother?

Astrophysics: 
● Physical interpretation of the core (photosphere or shock?)

● Structure and parameters of sub-parsec scale jet

(more details in the talk by Andrei Lobanov)

Astrometry:
● Radio/optical (ICRF2/Gaia) reference frame alignment 

● Spacecraft navigation with VLBI 

● Interpreatation of radio astrometric data 

(more details in the talk by Richard Porcas)



  

VLBA observations

● We observed  20 sources previously 
measured to have significant core shifts 
between  2 and 8 GHz.
● Simultaneous observations at 9 frequencies 
(1.4-15.4 GHz).

NRAO's Very Long 
Baseline Array
(VLBA)



  

Observed radio sources



  

Core position measurement
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Core position difference: 15.4 – 1.4 GHz

Max= 2.46 (mas)
Median= 1.21 (mas)

Min= 0.60 (mas)



  

Core position difference: 8.4 – 2.3 GHz

Max= 1.31 (mas)
Median= 0.70 (mas)

Min= 0.60 (mas)



  

Core position as a function of ν



  

Model prediction

According to Lobanov (1998 A&A, 330, 79), if

● synchrotron self-absorption (SSA) is the dominating 
opacity mechanism,

● the jet has a conical shape and

● there is an equipartition between the particle and 
magnetic field energy densities,

than

                                                       where k=1



  

Core position as a function of ν



  

Best-fit values of k

Mean k=0.98 +/-0.11, consistent with k=1.



  

Best-fit values of k

Mean k=0.98 +/-0.11, consistent with k=1.

0952+179
k=2.7 +/-1.7



  

Core position as a function of ν



  

Core shift variability?
2/8 GHz data at two 
epochs:

2002 (Kovalev 2008) 

and 

2007 (this work)



  

Summary

● We observed 20 extragalactic radio sources showing large 
frequency-dependent core shifts at nine frequencies (1.4-15.4 
GHz) with VLBA.

● Core position was measured at each frequency with respect to 
an optically thin jet component.

● Typical core shift values: 1.2 mas (1.4 - 15.4 GHz)
                                          0.7 mas (2.3 -  8.4 GHz)

● Observations are consistent with                             
=> Interpretation of the core as a conical jet in equipartition 

exhibiting synchrotron self-absorption (SSA).
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