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F-GAMMA program (Jan 2007 — Jan 2015):

- almost 90 mostly Fermi sources

- mean cadence: 1.3 months 

- 2.64–345 GHz at 11 frequency steps 

- LP at 2.64, 4.85, 8.35, 10.45 and 14.6 GHz  

- CP at 2.64, 4.85, 8.35, 10.45, 14.6, 23.05 GHz 

- Current status: 2010.5 - 2015

Fuhrmann, Angelakis et al. submitted 
Angelakis et al. 2010, astro-ph.CO/1006.5610  
Fuhrmann et al. 2007, AIP Conf. Series, Vol. 921, 249–251
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Detailed correction of instrumental effects: 
LP, CP, EVPA

Careful treatment of telescope response

Linear and circular polarimetry with Effelsberg

new, high-precision data analysis pipeline
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Stokes Q
Polarized sourceInstrument model


- Parametrization with smooth functions


Stokes Q
Unpolarized source

Instrumental LP correction
Am

pl
itu

de

offset

4Myserlis, Angelakis et al.,in prep.



Stokes Q
Polarized sourceInstrument model


- Parametrization with smooth functions


Stokes Q
Unpolarized source

Instrumental LP correction
Am

pl
itu

de

offset

4

Am
pl

itu
de

Weakly polarized source

uncorrected

Myserlis, Angelakis et al.,in prep.



Stokes Q
Polarized sourceInstrument model


- Parametrization with smooth functions

- We recover significant Q and U from 

corrupted measurements
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Instrumental EVPA rotation correction
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Moon's linear polarization

- LP degree maximized towards limb

- Radially oriented EVPA

Scanning directions: 0°, 30°, 45°, 60°, 90°, 
120°, 135°, 150°

Instrumental rotation

- 4.85 GHz: 1.26 ± 0.11°

- 8.35 GHz: -0.50 ± 0.12°
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Poppi et al. 2002, AIP Conf. Proceedings, Vol. 609, 187–192 
Myserlis, Angelakis et al.,in prep.
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Instrumental CP correction
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Indications of instrumental CP

- CP degree distributions centered at non-

zero value

- Non-zero CP measurements of unpolarized 

sources


Sensitivity imbalance between left- and right-
circularly polarized feeds, r 


mc =
m0

cr +m0
c + r � 1

m0
cr �m0

c + r + 1

Myserlis, Angelakis et al.,in prep.



Instrumental CP correction
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r estimation methods:

A. Unpolarized sources

B. Sources with stable CP


- Singular value decomposition (SVD)

- No need to know their CP a priori


Comparison with UMRAO dataset

- 169 concurrent measurements 

- 5 sources

- median |Δmc|: 0.2 % 

Myserlis, Angelakis et al.,in prep.



Principle


Fundamental advantages of our method

- Correct the spatial dependence of 

instrumental LP

- No need to know the CP of stable sources 

a priori


Comparison measure

- Intra-session variability of Stokes I, Q and U

- 4—20 % less intra-session variability

- Improved performance for the low LP data

Comparison with Müller matrix correction
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A&A proofs: manuscript no. pipeline_paper_v6

Fig. 15: The distributions of σI , σQ and σUfor the uncorrected and corrected 4.85 GHz data using both the Müller matrix method
and our methodology. In the top row we have included all measurements, in the middle row we used measurements with polarized
flux ≥ 100 mJy (high polarization) and in the bottom row we used measurements with polarized flux between 15 mJy and 100 mJy
(low polarization). The median values of each distribution are included in the plot legends.

Fig. 16: Standard deviation distributions of the linear polarization degree, σml
, polarization angle, σχ, and circular polatization

degree, σmc
, measurements at 4.85 GHz. The 20th percentile, P20, of each standard deviation distribution is marked by a dashed

line. The circular polarization data contain the measurements corrected with both methods A (black) and B (red) as described in
Sect. 3.7.2.

and CTA 102, show significant circular polarization, defined as
⟨mc⟩ /σmc

≥ 3, at 4.85 GHz with at least one of the two correc-
tion methods.

6. Discussion/Summary and Conclusions

6.1. Comparison with literature?

Mainly with UMRAO, Perley, A. Kraus, MOJAVE etc.
Suggestions and comments by co-authors:

– MA: See notes in the Homan and Lister 2005 paper on MO-
JAVE CP results

– MA: For 3C 273 (or other stable sources), mention the long
term trends that are visible with the UMRAO data set

– MA: Stability of EVPA and fractional LP: A reference to
consider including is Perley 2013

– EA: for the standard sources please compare with the MO-
JAVE too

6.2. Other topics from co-authors

AR: Applicability of methodology with other observing meth-
ods, e.g. ON-OFFs etc.

Article number, page 14 of 18

All sources

Müller: -6.7 %

This work: -13.3 %

High LP

Müller: -11.5 %

This work: -15.4 %

Low LP

Müller: -0.0 %

This work: -20.0 %

S
corr

= M�1 · S
obs

Myserlis, Angelakis et al.,in prep.



Linear and circular polarimetry with Effelsberg

new, high-precision data analysis pipeline
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Uncertainties:

- LP degree: 0.1 %

- CP degree: 0.1—0.2 %

- EVPA: 1°

High-cadence, Full-Stokes lightcurves

Polarimetric standards:

- LP degree: 5 sources

- CP degree: 4 sources

- EVPA: 8 sources


Myserlis, Angelakis et al.,in prep.
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Myserlis, Angelakis et al.,in prep. 
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5.4. A STUDY CASE: THE BLAZAR 3C454.3 117

Figure 5.9: Simulated Full Stokes lightcurves as generated with our computer code.

since we observe a 90◦ rotation of the EVPA, concurrent with a minimization of the linear
polarization degree, ml. The corresponding change in handedness for the circular polarization
is also observed in the specific example, although the dataset is very noisy and the circular
polarization degree remains in general very low.

In conclusion, we believe that the computer code we developed is a powerful tool for the
investigation of the physical characteristics of AGN jets. The combination of total flux and
polarization information we observe puts strict constrains on the parameters of the code which
in turn can be used directly to extract information for the shock compression factor, Doppler
factor and the density of the shocked material. Furthermore, the code can be used to study the
influence of Faraday effects on the emitted radiation since these radiative transfer parameters
are coded at its core. Finally, this framework can be enriched by useful modifications, like
the addition of the lepton number which is discussed in subsection 4.4.3, which can be used
to answer fundamental open questions of AGN jets like their composition (electron–proton or
electron–positron).

5.4.ASTUDYCASE:THEBLAZAR3C454.3117

Figure5.9:SimulatedFullStokeslightcurvesasgeneratedwithourcomputercode.

sinceweobservea90◦rotationoftheEVPA,concurrentwithaminimizationofthelinear
polarizationdegree,ml.Thecorrespondingchangeinhandednessforthecircularpolarization
isalsoobservedinthespecificexample,althoughthedatasetisverynoisyandthecircular
polarizationdegreeremainsingeneralverylow.

Inconclusion,webelievethatthecomputercodewedevelopedisapowerfultoolforthe
investigationofthephysicalcharacteristicsofAGNjets.Thecombinationoftotalfluxand
polarizationinformationweobserveputsstrictconstrainsontheparametersofthecodewhich
inturncanbeuseddirectlytoextractinformationfortheshockcompressionfactor,Doppler
factorandthedensityoftheshockedmaterial.Furthermore,thecodecanbeusedtostudythe
influenceofFaradayeffectsontheemittedradiationsincetheseradiativetransferparameters
arecodedatitscore.Finally,thisframeworkcanbeenrichedbyusefulmodifications,like
theadditionoftheleptonnumberwhichisdiscussedinsubsection4.4.3,whichcanbeused
toanswerfundamentalopenquestionsofAGNjetsliketheircomposition(electron–protonor
electron–positron).
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Shocked flow parameters

- Compression factor: k = 0.8

- Doppler factor: D ~ 30, 

consistent with Dvar at 37 GHz 
Hovatta et al. 2009, A&A, 494, 527


Unshocked flow parameters

- Density: n0 = 101–102 cm-3

- Magnetic field coherence length: 9 pc

Constraining the jet physical conditions
by modeling the linear and circular polarization variability

Shocked
Unshocked

Myserlis, Angelakis et al.,in prep. 
Myserlis et al., Galaxies, vol. 4, issue 4, p. 58 



Radio monitoring → physical conditions of AGN jets

F-GAMMA monitoring program
- multi-frequency, high-cadence, Full-Stokes dataset
- ~90 sources
- 8 years

New, high-precision LP and CP calibration for the Effelsberg telescope

LP and CP variability → constrain physical conditions of the jet plasma

Extend polarization database in time (2007–2015) and frequency (2.64–23.05 GHz)

Further applications of LP and CP modeling: AGN jets, low velocity outflows, micro-
quasars, X-ray binaries, supernova remnants

Comparison with polarized VLBI maps
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Summary

Future work


