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Fig. 1: Sketched 
Active Galactic Nucleus 
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Blazar SED 
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Fig. 2: Sketched spectral energy 
distributions of a blazar 



SEBASTIAN KIEHLMANN, DIPL.-PHYS. 
MAX-PLANCK INSTITUT FÜR RADIOASTRONOMIE, BONN 

I. Introduction: 

EVPA swings 

3 

Fig. 3: 3C 279 optical 
polarization curve 
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I. Introduction: 

EVPA swings 
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object EVPA rotation time interval explanation reference 

OJ 287 120 ° 7 d Helical magnetic field Kikuchi et al., 1988 

BL Lac 240 ° 5 d Helical magnetic field Marscher et al., 2008 

PKS 1510+089 720 ° 50 d Helical magnetic field Marscher et al., 2010 

3C 279  300 ° 60 d Helical magnetic field Larionov et al., 2008 

3C 279  208 ° 12 d Bent jet Abdo et al., 2010 
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II. Random walk: 

randomized Stokes parameters 

T.W. Jones et al. 1985, ApJ 

F. D‘Arcangelo et al. 2007, ApJ 

For each cell 𝑖 ∈ 1, 𝑁 : 

𝑞𝑖 = 𝒰(−1, +1) 
𝑢𝑖 = 𝒰(−1, +1) 

𝑄𝑖 =
𝑞𝑖

𝑞𝑖
2 + 𝑢𝑖

2

∙ 𝑚𝑙,max  

𝑈𝑖 =
𝑢𝑖

𝑞𝑖
2 + 𝑢𝑖

2

∙ 𝑚𝑙,max  

𝑚𝑙,max = 75 % 

 

Fig. 5.1 
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II. Random walk: 

simple and shock RW process 

Simple random walk process: Shock random walk process: 

Fig. 5.2 Fig. 6 
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II. Random walk: 

parameters 

Cells: 𝑁cells  

𝑚𝑙 = 𝑚𝑙,max ∙
𝜋

4𝑁cells 
 

Variation rate: 𝑛var  d −1  

Fig. 7: Random walk 
processes: expectation 
value of the polarization 
fraction variation 
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II. Random walk: 

parameters 
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Vary: 𝑁cells  Number of cells 

𝑛var  Variation rate 

Measure: 𝑚𝑙  Polarization mean 

𝜎 𝑚𝑙  Polarization variation 

𝛥𝜒 EVPA swing amplitude 

𝑠 Variation estimator 

𝑁 Shifting consistency 
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Fig. 8: 3C 279 R-band 
flux, opt. lin. pol. 
fraction and EVPA 

III. Stochastic vs. deterministic: 

3C 279 polarization 
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Optically thick to optically thin transition 

in radio, not in optical 

 

Swing amplitude: Δ𝜒 = 90° 

 

for details: Ioannis Myserlis presentation 

IV. EVPA swing mechanisms: 

Thick-to-thin-transition 
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Ref.: Holmes et al. 1984, 
MNRAS 

 

Swing amplitude: 
Δ𝜒 ≤ 90° 

 

IV. EVPA swing mechanisms: 

Two/multi-component model 
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Fig. 4: Two-component 
polarization curve 
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Ref.: Nalewaiko, 2012, IJMPD 

 

e.g. bent jet 

 

Swing amplitude: 
Δ𝜒 ≲ 180° 

IV. EVPA swing mechanisms: 

Bent trajectory 
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Fig. 5: Bent trajectory EVPA 
swing, Nalewaiko, 2012 
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Ref.: e.g. Marscher et al., 2008, 
Nature 

 

Helical motion of an emission  
feature in a helical magnetic  

field 

IV. EVPA swing mechanisms: 

Helical motion 
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Fig. 6.1: 
Sketched jet and 
B-field geometry, 
EVPA rotation 
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Motion and geometric parameters: 

Acceleration 𝑎/c d−1  

Begin acceleration zone 𝑧ba 𝑅𝑆  

End acceleration zone 𝑧ea 𝑅𝑆  

Downstream Lorentz factor Γ𝑧,0 

Initial angular velocity 𝜛0 °/d  

Initial radial position 𝑟0 𝑅𝑆  

Initial angular position 𝜑0 °  

Opening index 𝜌 ≤ 1 

Opening offset 𝑧0 𝑅𝑆  

Viewing angle 𝜃 °  

Jet angle 𝜂 °  

Magnetic field parameters: 

Magn. field pitch angle 𝑏 °  

Component intrinsic flux density: 

Intr. flux density 𝑓𝜈
𝑖𝑛𝑡𝑟 mJy  

Spectral index 𝛼 = 0.7 

14 

V. Helical motion model: 

parameters 

Fig. 6.2: 
Sketched helical 
motion model 
geometry 
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V. Helical motion model: 

Single component 
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V. Helical motion model: 

parameters 

Polarized background: 

Background flux density 𝑓𝜈
𝑏𝑔

 mJy  

Background EVPA 𝜒𝑏𝑔 °  

Background polarization 𝑃𝑏𝑔 %  

Component polarization 𝑃𝑐𝑜𝑚𝑝 %  

Constants: 

SMBH mass 𝑀𝑆𝑀𝐵𝐻 = 8.6 ∙ 109𝑀☉ 

Redshift 𝑧 = 0.5362 

Angular momentum conservation 

Relativistic aberration 

Time dilation: cosmological, motion 
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V. Helical motion model: 

Single component + background 
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Random walks: 

• 3C 279: two EVPA rotation processes  
– Low-state: stochastic variation 

– Flaring state: deterministic variation  

 

Helical motion in helical magnetic field model:  

• Can explain two-directional EVPA swings as observed in  

 3C  279 

Conclusions 

18 
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Appendix 

I  

A. nπ-ambiguity: 

Fig. 1.1: Sketched 
EVPA curve 

Fig. 1.2: Sketched 
modified EVPA 
curve 
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Appendix 

I I  

Method 2: 

𝚾𝒎𝒐𝒅,𝒊 = 𝚾𝒊 ± 𝒏 ∙ 𝟏𝟖𝟎° 

𝚫𝚾𝒊 = 𝚾𝒊 − 𝚾𝒊−𝟏  

 − 𝝈𝟐 𝚾𝒊 + 𝝈𝟐 𝚾𝒊−𝟏  

if 𝚫𝚾𝒊 > 𝟗𝟎° 

𝚾𝒓𝒆𝒇,𝒊 = 𝚾𝒊−𝟏−𝑵 , 𝚾𝒊−𝟏  

𝑵 = 𝟏, 𝟐, 𝟑, … 

if 𝚾𝒊 − 𝚾𝒓𝒆𝒇,𝒊 > 𝟗𝟎° 

Fig. 2.1 Fig. 2.2 

A. nπ-ambiguity: 

Shifting methods 

Method 1: 
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Appendix 

I I I  

Fig. 3: 3C 279 
measured and 
shifted EVPA 

A. nπ-ambiguity: 

Shifting consistency 
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Appendix 

IV  

B. Curve smoothness: 

Fig. 4: 3C 279 measured, 
shifted EVPA and point-
to-point-variation 
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Appendix 

V 

B. Curve smoothness: 

Variation estimator 

Point-to-point variation:  
ΔΧ

Δ𝑡
𝑖

=
Χ𝑖 − Χ𝑖−1

𝑡𝑖 − 𝑡𝑖−1
 

Tendency:  𝑚 =
ΔΧ

Δ𝑡
𝑖

 

Variation estimator: 𝑠 =
ΔΧ

Δ𝑡
𝑖

− 𝑚  
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Appendix 

VI  

B. Curve smoothness: 

Variation estimator 

𝑠 = 14.1 8  °/d 𝑠 = 5.7(5)°/d 𝑠 = 5.5(5)°/d 


