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Beckmann & Shrader (2012)

● Linear polarization of the synchrotron 
emission is our most direct probe of the 
magnetic field geometry in the jet.

● The EVPA direction in the jet frame is 
perpendicular to the projection of the 
magnetic field onto the sky.

A. Marscher (2008)

How can we probe the magnetic fields of blazar jets?



Factors affecting blazar optical polarization variability
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C. Raiteri (2024)

Internal energy processes:

● shock waves propagating along the jet
(Marscher 2008, 2010)

● magnetic reconnection (Kagan 2015;
Werner 2018)

● turbulence (Marscher 2014)
● two-component model

(Cohen and Savolainen 2020; Villforth 2010)

Geometric effects:

● curved jet structure (Nalewajko 2010)
● changes in jet orientation (rotation, 

precession, nutation) → variable viewing 
angle and Doppler factor (Raiteri 2017, 
2024; Britzen 2023)



The nπ-ambiguity of the polarization vector (EVPA)
The EVPA, χ, is defined within a 180◦ 
interval. It’s difficult to analyse EVPA 
variability, since the difference
∆χ = χ2 − χ1 ± nπ is ambiguous.
To study long smooth variations of EVPA 
larger than π, the EVPA curve must be 
reconstructed by resolving this nπ 
ambiguity between consecutive points 
under the assumption of dense, regular 
sampling:
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It’s a standard procedure
(see Kiehlmann et al. 2016 for details)



Electric Vector Position Angle (EVPA) rotations
EVPA rotation – ordered EVPA behavior: 
smooth variations, sometimes quite prolonged 
(up to several months) and with large 
amplitudes (up to hundreds of degrees).

Why study EVPA rotations?
● They can reveal the jet's magnetic field 

structure and evolution
● Their statistics can distinguish 

deterministic mechanisms (shocks in a 
helical field) from stochastic ones 
(turbulent random walk)

● A preferred rotation direction may reflect 
the global magnetic field geometry, 
linked to the rotation of the black hole 
ergosphere or accretion disk

● Rotations often accompany γ-ray flares, 
neutrino events and the ejection of new 
radio knots → a link between optical 
polarization and high-energy activity Larionov et al., (2016): PKS 1510
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Systematic search for EVPA rotations

● RoboPol program (Blinov et al. 
2015, and others)
○ 1st season: 14 rotations in 12 blazars
○ 2nd season: +11 rotations in 10 blazars
○ 3rd season: +13 rotations in 10 blazars

● RINGO2 (Liverpool Telescope) + 
DIPOL (KVA observatory)
(Jermak et al., 2016)
○ over 936 days, 19 rotations were found in 11 out of 

15 blazars

● Steward Observatory monitoring 
program (Otero-Santos et al., 
2023)
○ 128 rotations were found over 10 years of 

monitoring a sample of 26 blazars

● SPBU monitoring program

6



Search for rotations:
SPBU monitoring program

● 32 blazars
● Up to 18 years of observations

(LX-200, AZT-8, Perkins + Steward 
archive)

● A new rotation identification 
method with a statistical 
significance estimate for each 
rotation (Savchenko et al. 2024)
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Rotation completeness criterion
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A rotation is “complete” if its start and end are directly covered by observations: the possible missed 
EVPA change on each side is < 25% of the total amplitude Δχ.



Results: the rotation population
● 679 rotations in 31 of 32 blazars over up to 18 years — the largest uniform sample 

to date
● 381 rotations are complete (we can analyse their amplitudes and durations)
● Rotations occur in both blazar subclasses: 372 in BL Lacs and 306 in FSRQs

● Rotation amplitude anticorrelates with the mean polarization degree during the 
rotation (→ next slide)

● 5 sources show a tendency to have a preferred rotation direction; 18 objects show 
chains of consecutive rotations

● For approximately one-third of the sample, it was shown that the mean direction 
of the optical polarization position angle is in good agreement with the radio jet 
position angle

● No significant differences in rotations parameters between BL Lacs and FSRQs 
were found
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Shishkina et al. 2026 (in prep.)



Relationship between rotation amplitude and mean 
polarization degree during rotation
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Fig: Amplitude vs mean PD of each observed 
complete rotation (217 in BL Lacs and 163 in 
FSRQs).

Main conclusion: there is a clear anticorrelation 
between the amplitude of the EVPA rotation and 
the mean value of PD during this rotation.

The one-sided permutation Spearman p-value = 
5 · 10−5 corresponds to a Gaussian-equivalent 
significance of ≈ 3.9σ. This trend is present in both 
BL Lacs and FSRQs. These results imply that 
low-amplitude rotations are a distinct and 
meaningful part of the rotation population that 
cannot be discarded.



Blazars with a preferred rotation direction
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Object Type SED peak
classification

Number of rotations σ

OJ 287 BL Lac LSP 84 30 ↺ 2.75

54 ⟳

S5 0716+71 BL Lac ISP 77 47 ↺ 2.12

30 ⟳

3C 454.3 FSRQ, HPQ LSP 50 33 ↺ 2.41

17 ⟳

CTA 102 FSRQ, HPQ LSP 31 9 ↺ 2.43

22 ⟳

PG 1553+113 BL Lac HSP 14 12 ↺ 2.75

2 ⟳

Shishkina et al. 2024, A&AL
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For some blazars the mean direction of the EVPA is in good agreement with the 
radio jet position angle



Summary
● EVPA rotations are a common phenomenon in blazars — and a direct probe of the 

magnetic field structure of their jets.
● Rotations can be generated by both deterministic and stochastic mechanisms. At the 

same time, the influence of geometric effects cannot be excluded.
● A preferred rotation direction may reflect the global magnetic field structure, related to 

the rotation of the black hole ergosphere or accretion disk (Semenov 2004).
● Rotations may be associated with γ-ray flares (this suggests their co-spatial origin)

and the appearance of new knots on radio maps.
● Since the regions of optical and radio emission generation are different, jet-frame 

interpretations require caution.
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Thank you for your attention!



Additional slides
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EVPA rotations in terms of QU-plane
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Villforth et al., (2010): OJ 287



Rotation completeness criterion
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We defined the following values: ∆t1 is the time 
between the first observational data point of the 
rotation and the previous observational data 
point. Similarly, ∆t2 is the time between the last 
observational data point of the rotation and the 
following observational data point after the 
rotation. The corresponding changes
of the EVPA are ∆χ1 = ∆t1 · ṽ and ∆χ2 = ∆t2 · ṽ, 
where ṽ is the mean rotation rate.

We define a complete rotation as a rotation with 
both ∆χ1 and ∆χ2 lower than 25% of the total 
observed amplitude of the rotation ∆χ. This 
restriction imposes an upper limit on the 
underestimation of the total amplitude and the 
total duration of the rotation regardless of its 
mean rate. Rotations that do not satisfy this 
criterion are called "incomplete".



Analysis of rotation parameters

For the entire rotation 
sample
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Weighted mean over the object 
sample

(each object has equal weight 
regardless of the number of 

detected rotations)
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Main conclusion: the observed differences disappear when transitioning to the jet frame. This 
may mean that the differences are mainly due to different Doppler factors and differences 
between individual sources.
Difference from other works: in Otero-Santos 2023, rotations were considered in the observer’s 
frame.

Rotation parameters



Rotation observation frequency
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Polarization degree
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Comparison with other works:
● when calculating mean values of polarization degree and angle in a source, we 

exclude rotation periods (both complete and incomplete)
● we do not find a consistent tendency for the polarization degree to decrease during 

rotations

Class Mean polarization 
degree during rotations

Mean polarization 
degree outside rotations

FSRQ 8.0 ± 1.0% 7.3 ± 1.0%

BL Lac 8.2 ± 1.2% 9.0 ± 1.3%

LSP 8.40 ± 0.91% 8.35 ± 0.93

HSP 5.15 ± 1.68% 5.12 ± 1.45



Chains of rotations

PKS 1510
MJD 57615 - MJD 57640

S5 0716
MJD 57510 - MJD 57535

OJ 287
MJD 57080 - MJD 57130

OJ 287
MJD 54750 - MJD 54790 21



Why do chains of rotations occur?

C. Raiteri (2024), L. Gesu (2023)
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