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We present two examples which demonstrate the potential of multi-band, multi-frequency polarisation monitoring:


1. OJ287: we analyse radio and optical polarisation data trains to reveal simultaneously the small and large scale topologies of the magnetic field and  
compute mechanical properties of the flow and physical conditions (Myserlis, Komossa, Angelakis  et al. 2018A&A...619A..88M).  


2. Narrow line Seyfert 1 galaxies: we use optical polarisation monitoring to examine the potential occurrence of long polarisation plane rotations and 
validate the assumption that physical processes as those in blazar jets occur also in NLSy1s (Angelakis, Kiehlmann, Myserlis, et al. 2018A&A…618A.
92A). 


They are conducted in the framework of the QUIVER which is among the most comprehensive, multi-frequency, all-Stokes radio monitoring program 
presented by Ioannis Myserlis (Thursday June 17 at 12:50) ; and the RoboPol program which is among the most systematic optical polarisation 
monitoring.


Following are 2 pages, one for each case



1. Background

Historical optical light curve of OJ287 shows double peaks every ~12 years (Fig 1)


Valtonen et al. (2008, Nature, 452, 851 and 2016, ApJ, 819, L37) suggested:  

• binary black hole system (Fig 2) 

• a secondary BH (1.46x108 M⊙) crossing the accretion disk of a primary BH (1.8x1010 M⊙)


2. Our  dataset 

To study the decadal maximum of December 2015 predicted by Valtonen et al. (2015, 2016) we initiated a dense 
monitoring with the Effelsberg 100-m radio telescope and obtained total intensity at 9 frequencies between 2.64 
— 43 GHz and polarisation at 4 frequencies between 2.64 — 10.45 GHz. We also analyse archival VLBA 
polarisation data at 15 and 43 GHz and R-band optical polarisation.    


3. Our findings  

Our main findings — shown in Fig 3 —  can be summarised as follows: 

• The radio total intensity shows extreme coloured variability (top) which appears as a dynamically evolving 

radio SED.

• The radio linear polarisation also displays intense variability both in degree (middle) and angle (bottom).

• In radio there appears a long EVPA rotation with magnitude Δχ~340o with a rate of -1.04o/day.

• In the optical we identify a slow rotation with a rate of -1.1o/day populated by fast rotation events with a 

mean rate of -7.8o/day (bottom). 


OJ287: Helical magnetic field in a bent jet  
Myserlis, Komossa, Angelakis  et al. 2018A&A...619A..88M

5. Our scenario: the large and small scale topology of the magnetic field  

The emission element radiates both the low (radio) and high energy (optical) photons. However,

• radio photons are partially absorbed. As a result: 


➡ The radio emission originates mainly from an outer jet layer. As the element moves in its helical path its 
polarisation orientation is observed for almost half of the circle. Thus, seemingly tracing only the slow 
rotation of the bent. 


• The optical photons on the other hand are unabsorbed and subsequently: 

➡ The optical polarisation of the element is seen constantly tracing both the helical motion and the turning 

due to the bend. This why we observe both the slow (bent) and fast (helix) rotation modes.


We find that the rotation happens in VLBI core at a de-projected size of ~12.8 pc i.e. 7.4 × 103 RS  which 
corresponds to the Acceleration and Collimating Zone expected Marscher et al. (2008) to be ≤104 RS.


➡ suggesting that the inner jet contains a helical magnetic field component 
➡ the stable polarised component with EVPA orientation is −10o, perpendicular to the large scale jet

➡ indicates dominance of the poloidal magnetic field in the jet 

In the publication we also compute physical parameters of the flow otherwise completely inaccessible.  


The QR code at the top links the relevant publication.

4. Our assumptions 

The interpretation of our data relies on (Fig 4):

• a polarised component moving on a helical 

path (determined by the magnetic field 
configuration) that undergoes 


• a large scale bending (e.g. due to the 
mechanical behaviour of the flow), and


• a stable polarised component which becomes 
dominant at larger scales.
2 Valtonen et al.
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Figure 1. The observations of the brightness of OJ287 from late 1800’s until today.

1. Introduction

The range of celestial mechanics has been expanding from purely Solar
system studies to binary stars and planetary systems around other
stars, and in recent years also to binary pulsars. The most recent appli-
cation of celestial mechanics is in the binary system of two supermassive
black holes in the quasar OJ287. The identification of this system as
a likely binary was made as early as 1982 (Sillanpää et al. 1988), but
since the mean period of the system is as long as 12 yr, it has taken a
quarter of century to find convincing proof that we are indeed dealing
with a binary system (Valtonen et al. 2008). The primary evidence for
a binary system comes from the optical light curve. By good fortune,
the quasar OJ287 has been photographed accidentally since 1890’s, well
before its discover in 1968 as an extragalactic object. The light curve
of over hundred years (Figure 1) shows a pair of outbursts at 11 - 14
yr intervals and the two brightness peaks are separated by 1 - 3 yrs.
The system is not strictly periodic, but there is a simple mathemat-
ical rule which gives all major outbursts of the historical record. To
define the rule, one assumes that a companion orbits the primary in
a Keplerian orbit. Then demand that an outburst is produced every
time the companion passes through a constant phase angle relative to
the primary, and that also another outburst takes place at the opposite
phase angle. Due to the nature of Keplerian orbits, this rule cannot be
written in a closed mathematical form, but its consequences are easily
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I. Myserlis et al.: High cadence, linear and circular polarization monitoring of OJ 287

Fig. 1: Flux density and polarization curves of OJ 287. Stokes I is shown in the first panel, at the top. The linear polarization
degree ml, the polarization angle EVPA and the circular polarization degree mc are shown in the second, third and fourth panels,
respectively. Two local maxima in Stokes I are indicated in the first panel by the gray highlighted periods.

Article number, page 3 of 11

A&A proofs: manuscript no. oj287_pol_v7

Fig. 7: A comparison between our single-dish radio and optical EVPA measurements of OJ 287. The gray highlighted period shows
a fast EVPA rotation and is plotted in more detail in Fig. 9.

imposed by traveling through the acceleration and collimation
zone of a magnetically dominated (inner) jet, where the magnetic
field is believed to be organized in a helical topology. As we de-
scribe in Sect. 4.1, the EVPA rotation is happening within the
43 GHz core, which has a projected size of 0.15 mas or 0.67 pc.
The corresponding deprojected size is about 12.8 pc (assuming
a viewing angle of 3◦, e.g. Jorstad et al. 2017) or 7.4 × 103RS

(for a black hole mass of 1.8 × 1010M⊙). This means that the
EVPA rotation is happening indeed up to a distance that lies
within the acceleration and collimation zone as described by e.g.
Marscher et al. (2008) (≤ 104RS ). A simplified visualization of
the above scenario can be seen in the sketch of Fig. 8. A similar
helical bending in the pc-scale jet of OJ 287 has been suggested
by independent studies (e.g. Cohen 2017; Valtonen & Pihajoki
2013; Britzen et al. 2018).

The jet bending causes a slow EVPA rotation with an average
rate of 1.07 ◦/day and the helical motion produces fast rotations
with an average rate of 7.8 ◦/day. As we discuss in Sect. 4.2,
the jet has a moderate optical depth in the radio, and hence the
emission originates mainly from an outer jet layer. Therefore,
the helical motion of the component within the jet is (partially)
obscured and we observe only the slow EVPA rotation as the
component propagates downstream through a large scale bend-
ing. On the other hand, the jet is expected to be optically thin
in the optical emission and hence we can detect the helical mo-
tion of the component. Consequently, in the optical we observe
both the slow and fast EVPA rotation modes, attributed to the jet
bending and the helical motion, respectively.

The optical total flux and polarization variability during the
fast EVPA rotations provide additional evidence for the proposed
model. In Fig. 9, we show an example of such prominent vari-
ations in Stokes I and ml during the fast EVPA rotation event
highlighted by the gray region in Fig. 7. Those variations could
potentially be attributed to a modulation of the Doppler beaming
effect due to the variable viewing angle as the polarized compo-
nent moves on its helical path.

In the following we use both rotation modes to constrain
a number of physical parameters within the jet of OJ 287.
Using a mean Doppler factor of 8.7 (Liodakis et al. 2017;
Jorstad et al. 2017) and a viewing angle of ∼3◦(Hovatta et al.
2009; Jorstad et al. 2005; Jorstad et al. 2017) we estimate an in-
trinsic jet velocity of about 0.988 c (Lorentz factor γ = 6.6).
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Fig. 8: The bent, helical trajectory of the polarized component
within the jet of OJ 287 as seen at a viewing angle, θ, of 3◦(top
panel) and 30◦(bottom panel). The size of the highlighted trajec-
tory segments and the propagated component (here not to scale)
are estimated in Sect. 5.

Given the assumed helical motion of the component, the veloc-
ity along its helical path is expected to be higher and possibly
also variable. Nevertheless, in the following discussion we adopt
a constant velocity and equal to the above estimate to simplify
our calculations.

Assuming that the polarized emission component propagates
with the intrinsic jet velocity, we can calculate the arc length of
its path within a complete rotation of the helical trajectory lhelix

(segment with circular endpoints in Fig. 8) using the correspond-
ing time interval. The mean rate of the fast EVPA rotations is
7.8 ◦/day. This number should be first corrected for both special
relativity and cosmological effects, which modify the temporal
intervals ∆t from the emission to the observed reference frame
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Fig. 7: A comparison between our single-dish radio and optical EVPA measurements of OJ 287. The gray highlighted period shows
a fast EVPA rotation and is plotted in more detail in Fig. 9.

imposed by traveling through the acceleration and collimation
zone of a magnetically dominated (inner) jet, where the magnetic
field is believed to be organized in a helical topology. As we de-
scribe in Sect. 4.1, the EVPA rotation is happening within the
43 GHz core, which has a projected size of 0.15 mas or 0.67 pc.
The corresponding deprojected size is about 12.8 pc (assuming
a viewing angle of 3◦, e.g. Jorstad et al. 2017) or 7.4 × 103RS

(for a black hole mass of 1.8 × 1010M⊙). This means that the
EVPA rotation is happening indeed up to a distance that lies
within the acceleration and collimation zone as described by e.g.
Marscher et al. (2008) (≤ 104RS ). A simplified visualization of
the above scenario can be seen in the sketch of Fig. 8. A similar
helical bending in the pc-scale jet of OJ 287 has been suggested
by independent studies (e.g. Cohen 2017; Valtonen & Pihajoki
2013; Britzen et al. 2018).

The jet bending causes a slow EVPA rotation with an average
rate of 1.07 ◦/day and the helical motion produces fast rotations
with an average rate of 7.8 ◦/day. As we discuss in Sect. 4.2,
the jet has a moderate optical depth in the radio, and hence the
emission originates mainly from an outer jet layer. Therefore,
the helical motion of the component within the jet is (partially)
obscured and we observe only the slow EVPA rotation as the
component propagates downstream through a large scale bend-
ing. On the other hand, the jet is expected to be optically thin
in the optical emission and hence we can detect the helical mo-
tion of the component. Consequently, in the optical we observe
both the slow and fast EVPA rotation modes, attributed to the jet
bending and the helical motion, respectively.

The optical total flux and polarization variability during the
fast EVPA rotations provide additional evidence for the proposed
model. In Fig. 9, we show an example of such prominent vari-
ations in Stokes I and ml during the fast EVPA rotation event
highlighted by the gray region in Fig. 7. Those variations could
potentially be attributed to a modulation of the Doppler beaming
effect due to the variable viewing angle as the polarized compo-
nent moves on its helical path.

In the following we use both rotation modes to constrain
a number of physical parameters within the jet of OJ 287.
Using a mean Doppler factor of 8.7 (Liodakis et al. 2017;
Jorstad et al. 2017) and a viewing angle of ∼3◦(Hovatta et al.
2009; Jorstad et al. 2005; Jorstad et al. 2017) we estimate an in-
trinsic jet velocity of about 0.988 c (Lorentz factor γ = 6.6).
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Fig. 8: The bent, helical trajectory of the polarized component
within the jet of OJ 287 as seen at a viewing angle, θ, of 3◦(top
panel) and 30◦(bottom panel). The size of the highlighted trajec-
tory segments and the propagated component (here not to scale)
are estimated in Sect. 5.

Given the assumed helical motion of the component, the veloc-
ity along its helical path is expected to be higher and possibly
also variable. Nevertheless, in the following discussion we adopt
a constant velocity and equal to the above estimate to simplify
our calculations.

Assuming that the polarized emission component propagates
with the intrinsic jet velocity, we can calculate the arc length of
its path within a complete rotation of the helical trajectory lhelix

(segment with circular endpoints in Fig. 8) using the correspond-
ing time interval. The mean rate of the fast EVPA rotations is
7.8 ◦/day. This number should be first corrected for both special
relativity and cosmological effects, which modify the temporal
intervals ∆t from the emission to the observed reference frame
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1. Background

Narrow line Seyfert 1 galaxies (NLSy1) are associated with smaller black hole masses (106–108 M⊙, Komossa et 
al. 2006). Their detection in gamma rays in 2009 (Abdo et al.2009a, Foschini et al. 2010) was the first of a series of 
indications that these systems posses relativistic jets qualitatively similar to the most powerful quasars 
making them a control population in understanding the jet emergence mechanism. Generally:

• Their SED resembles that of a blazar-like source (Fig 1). 

• They show typical blazar phenomenology in radio bands (Fig 2, Angelakis et al., 2015, A&A, 575, A55).

• Their Doppler factors are below 10: indicating moderately relativistic jets.  

• They display intense spectral evolution: particle acceleration events (e.g. shocks) (Fig 2).

• In the rare cases where jets morphology can observed, they show apparent speeds ranging 0.93— 6.92 c and 

small viewing angle mimicking the blazar phenomenon (Fig 3, Fuhrmann, et al., 2016, RAA,16,176F).  


2. Motivation and dataset  

In order to validate the hypothesis that the physical processes that occur in blazar jets are relevant also for 
jetted NLSy1 (especially those emitting gamma rays), we investigated the occurrence of long, smooth rotations of 
the EVPA. Such events are seen associated with activity in gamma rays (Blinov et al. 2018MNRAS.474.1296B).    


The sample we studied includes 10 Radio Loud NLSy1s, 5 of which detected by Fermi in the GeV energy 
regime. Our dataset contains RoboPol, KANATA, Perkins & Steward optical datasets.


The QR code at the top links the relevant publication.

NLSY1s: long optical EVPA rotations 
Angelakis, Kiehlmann, Myserlis, et al. 2018A&A...618A..92A 

3. Our main findings

In Fig 4 we show an example dataset which happens to be the best sampled case.

The narrow-line quasar PMN J0948+0022 7

Fig. 4.— Spectral Energy Distribution of PMN J0948+0022. Fermi/LAT (5-months data); Swift XRT and UVOT (5 December 2008);
Effelsberg (24 January 2009) and OVRO (average in the 5-months of LAT data, indicated with a red diamond) are indicated with red
symbols. Archival data are marked with green symbols. Radio data: from 1.4 to 15 GHz from Bennett et al. (1986), Becker et al. (1991),
Gregory & Condon (1991), White & Becker (1992), Griffith et al. (1995), Doi et al. (2006). Optical/IR: USNO B1, B, R, I filters (Monet
et al. 2003); 2MASS J , H, K filters (Cutri et al. 2003). The dotted line indicates the contributions from the infrared torus, the accretion
disk and the X-ray corona. The synchrotron (self-absorbed) is shown with a small dash line. The SSC and EC components are displayed
with dashed and dot-dashed lines, respectively. The continuous line indicates the sum of all the contributions.

lines.
The complete description of the general model used

can be found in Ghisellini & Tavecchio (2009); here we
briefly summarize the main parameters:

• the source is assumed to be located at a distance
Rdiss = 6.75 × 1016 cm from a black hole of mass
M = 1.5× 108M⊙;

• the source is assumed to be a sphere, of radius R =
6.75 × 1015cm (i.e. a conical jet of semiaperture
angle ψ = 0.1 rad is assumed);

• it moves with a bulk Lorentz factor Γ = 10 at a
viewing angle θv = 6◦;

• the disk luminosity is 40% of the Eddington value
(Ldisk = 9× 1045 erg s−1);

• above (and below) the disk we assume an X–ray
emitting corona, producing a luminosity Lcor =
0.3Ldisk and with a power law spectrum (energy
index αX = 1), ending in an exponential cut at
150 keV;

• 10% of the disk emission is assumed to be absorbed
and re–emitted by the broad-emission line region
(BLR), which emits narrow permitted lines, in this
specific case;

• the BLR is placed at a distance RBLR =

1017L1/2
disk,45 = 3 × 1017 cm, where Ldisk,45 is the

disk luminosity in units of 1045 erg s−1;

• a dusty torus absorbs 10% of Ldisk re–emitting
it in the far–IR. Its distance is assumed to be

Fig 1
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Fig 3
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Fig. 2 Eight uniformly-weighted MODELFIT maps of 1H 0323+342 from the MOJAVE
observations at 15 GHz. Contour levels correspond to �0.3%, 0.3%, 0.6%, 1.2%, 2.4%, 4.8%,
9.6%, 19.2% and 38.4% of the highest peak flux density of 0.344 Jy beam�1 (epoch 2011.17)
for common reference. All maps are convolved with an average beam with major and minor
axes of 0.77 and 0.48 mas, respectively, with the major axis at PA = �5

�.

After the gap of emission, when the jet becomes visible again, the flow is characterized by slower
speeds. Components C3, C2 and C1 are used to describe the elongated area of emission extending at a

Angelakis et al.: Radio jet emission in GeV-emitting NLSy1’s

Fig. 7. The polarisation variability curve of J0324+3410. Upper panel: The de-biased polarisation fraction over time. Lower pannel: The EVPA
over time. The coloured lines mark periods of monotonous – within the uncertainties – EVPA evolution.

Fig. 8. The distribution of monotonous rotation angles identified for
J0324+3410.

around MJD 56595.6 – 56633.5 with an angle of 349 ± 66◦ and
a mean rate of 9 deg d−1.

4.3.1. The largest potential rotation

Figure 10 (upper panel) demonstrates the uncertainty associated
with the evolution of the measured EVPA. All steps are critical
and one cannot be certain of the direction the EVPA intrinsically
takes at any point in its evolution.

Following the approach presented in Section 4.2.2, we ex-
amine whether the uncertainties in q and u alone can cause the
observed rotation in the absence of an intrinsic rotation. We as-
sume again that the measured q and u are correct estimates of
the means of the Gaussian distributed Stokes parameters. After
running 104 simulations we find that the probability of finding
one full rotation (passing over all points) is ∼ 2 × 10−2 (Eq. 6)
while that of finding a full rotation with absolute angle larger
than observed, only 8 × 10−4 (Eq. 8).

Most likely the EVPA indeed undergoes intrinsic variabil-
ity. It is not impossible that the observed event is an artefact of
the noise while the EVPA remains intrinsically unchanged. The
associated probability is however low (P ∼ 10−3).

To estimate the most probable parameters of the intrinsic
EVPA variability, we make the assumptions of constant intrin-

sic EVPA rotation rate (Section 4.2.3), and the constancy of the
polarisation fraction during the intrinsic rotation. After 2.5×104

iterations we find that the most likely intrinsic rotation rate for a
full rotation with an angle at least as large as the observed one, is
19 ± 0.5 deg d−1 (probability: 0.01). The most probable rotation
rate for a full rotation with an angle within 1σ of the observed
one, is 10 ± 0.25 deg d−1 (probability: 0.033). The computed
probabilities are indeed low. Yet, they are higher than those for
the pure noise scenario, indicating that intrinsic variability is
more likely. Nevertheless, the low probability indicates that the
simple assumption of a constant rotation rate is not likely.

4.3.2. The second largest potential rotation

In the lower panel of Fig. 10 we show the second largest potential
rotation. The probability of this event resulting purely from noise
is low ∼ 10−3. Hence, most likely the variability is intrinsic even
if we are uncertain of its parameters. After 2.5 · 104 simulated
EVPA curves we find that for a full rotation with an angle at
least as large as the observed one, the most probable intrinsic
rate is 10 ± 0.25 deg d−1 (P = 0.01). For a full rotation over an
angle within 1σ of the observed one, the most probable rate is
9.5 ± 0.25 deg d−1 (P = 0.008).

These probabilities are low and comparable to those of the
noise artefact hypothesis. An intrinsic rotation of constant rate
is only marginally more likely than noise. A realistic scenario
would be that the observed behaviour results from the combi-
nation of intrinsic variability and observational noise. The noise
makes the observed rotation angle an inadequate indicator of the
intrinsic behaviour. Although there may be intrinsic variability,
we cannot reproduce it due to the noisy data.

4.4. J0849+5108 and J0948+0022

In Fig. 11 we show the χadj and p curves for J0849+5108 (upper
panel) and J0948+0022 (lower panel) as a function of time. The
Perkins and RoboPol datasets available for J0849+5108 revealed
a total of nine rotations none of which exceeded 90◦. Clearly,
despite the clear signs of variability, the data sparseness prevents
any understanding of the intrinsic nature of the variability.
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Our main observational facts can be summarised as follows: 

• 7 of 10 RL NLSy1s show phases of significant polarisation 

Of those 7, 3 have maximum polarisation below 5%, 1 is 
larger than 5  but less 10% and 3 have maximum 
polarisation above 10%. 


• The polarisation is generally variable.

• 5 sources show periods of significant continuous 

variability (coloured connecting lines in Fig 4) and 2 of

those 5 are long rotations  i.e. consist of more than three points and exceed 90o. 


4. The best candidate rotation

In Fig 5 we show the dataset that showed the most significant rotation (blue shaded area). In Fig 6 we zoom in the 


rotation of length ∆χ ~ -309.5o and rate ∆χ/t ~ -3.7o/day.


5. Is the rotation reliable?

If it happens that the sum of the absolute difference |∆χ| between two consecutive data points and the uncertainty 
in that difference σ∆χ exceeds 90◦ the direction of the rotation becomes uncertain as both solutions χ and χ + π 
could be valid (Fig 6). So sparse sampling and large angle uncertainties make the direction uncertain hence: 
the rotation is uncertain (see also Sebastian Kiehlmann’s talk on Monday at 13:45). 

We carried out exhaustive simulations and conclude 

• Concerning the effector measurement uncertainties: the probability of rotation over angle within 1.0 sigma of 

observed value as a result of the uncertainties in Stokes parameters is ~23%.

• Concerning the scenario that noise in Stoke Q and U creates the rotation in the absence of intrinsic 

variability: we find P (full rotation; |∆χintr| ≥ 309.5◦| dχintr/dt = 0) = 6 × 10−4  . Thus hence there must be 
intrinsic variability.  


6. Conclusion

It is realistic that an intrinsic EVPA rotation is causing the observed event. This is the first detection of a 
candidate rotation of the optical EVPA in NLSy1s indicating that similar physical processes occur in these systems 
just as they do in blazer jets.   

Angelakis et al.: Radio jet emission in GeV-emitting NLSy1’s

Fig. 2. A potential long rotation for J1505+0326. With the exception of the left-most point each angle measurement (solid symbols) is paired
with its 180◦ conjugate (empty symbols). The upper values note EVPA differences (∆χ) and the lower ones their uncertainties (σ∆χ). Red marks
highlight points in which the uncertainty σ∆χ in ∆χ is so large that both solutions of Eq. 3, χ and χ + π, could be valid making the direction of the
rotation uncertain.

Fig. 3. The distribution of ∆χadj in simulated EVPA curves. The grey
areas mark the 1, 2 and 3σ intervals while the dashed line is the ob-
served rotation of 309.5◦. The most probable value (peak of the solid
distribution) is around −140 deg.

N(0,σ) denotes that the noise centres at 0. We run 104 simula-
tions. In each run the same algorithm used for the observed data
was used to identify rotations in the simulation. We count “full
rotations” i.e. rotations which cover the entire dataset as is the
case for the real observations. The probability of finding a full
rotation is :

P (full rotation | dχintr/dt = 0) = 2.7 × 10−2. (6)

We also find that

P (|∆χintr| ≥ 309.5◦| dχintr/dt = 0) = 10−3 (7)

and

P (full rotation; |∆χintr| ≥ 309.5◦| dχintr/dt = 0) = 6 × 10−4 (8)

In Fig. 4 we show the results of the simulations.
This exercise shows that although it is not impossible that the

observed event is merely an artefact of noise, it is fairly improb-
able. Thus, there must be intrinsic variability even if we cannot
be sure of its exact nature.

Fig. 4. The distribution of ∆χadj in the simulated EVPA curves where
we assume the absence of intrinsic variability and the operation solely
of noise. The dashed line is the observed rotation angle of 309.5◦.

4.2.3. The most probable parameters of the intrinsic event

In the following, we wish to estimate the most probable param-
eters of the potential intrinsic rotation.

Our analysis relies on the assumption of a constant intrinsic
rotation rate dχintr/dt. The rotation is simulated in q–u space by
adding Gaussian noise to q and u. We test a range of rotation
rates dχintr/dt = [−12.,−11.5, ...,+0.5] in units of deg d−1. For
each rate we run 25·103 simulations and compute the probability
of:

1. observing a full rotation (i.e. over the entire period we simu-
late, i.e. including all data points), blue squares in Fig. 5;

2. observing a full rotation in the same direction as the one in
the data (in this case negative derivative in EVPA), red circles
in Fig. 5;

3. observing a full rotation over an angle at least as large (in
absolute terms) as the observed one (|∆χsim| ≥ |∆χobs| i.e.
∆χsim ≤ ∆χobs), green triangles in Fig. 5;

4. observing a full rotation with an angle within the 1σ-range
of the rotation angle observed in the data (∆χobs − σ∆χ,obs ≤
∆χsim ≤ ∆χobs + σ∆χ,obs), orange diamonds in Fig. 5.

5

Angelakis et al.: Radio jet emission in GeV-emitting NLSy1’s

Fig. 1. De-biased polarisation fraction p and adjusted EVPA (χadj) as a function of time for J1505+0326. The coloured lines mark periods of
significant monotonous – within the uncertainties – EVPA evolution. Solid lines mark periods of long rotations (i.e. at least three sequential data
points and angle larger than 90◦). Red and blue connecting lines are usd alternatively to ease reading.

for approximately Trot = 83 days yielding a mean rotation rate of
∆χadj/Trot = −3.7 deg d−1. However, the combination of sparse
sampling and large uncertainties in the angle makes the estimate
of the direction of a rotation highly uncertain.

As we discussed in Section 4.1, for each pair (q, u) we choose
the solution of Eq. 3 for which the absolute difference, |∆χadj|,
from the previous angle is less than 90◦. This condition controls
the direction of the EVPA evolution. However, the uncertainty
associated with each angle computation must also be accounted
for when this condition is checked. If it happens that the sum
of the absolute difference |∆χadj| between two consecutive data
points and the uncertainty in that difference σ∆χadj exceeds 90◦
i.e. 90◦ ≤ |∆χadj| + σ∆χadj , the direction of the rotation becomes
uncertain as both solutions of Eq. 3, χ and χ+ π could be valid4.

With the exception of the earliest measurement (left-most
point), each angle measurement (solid symbols) in Fig. 2 is
paired with its 180◦ conjugate (empty symbols). The critical
steps with 90◦ ≤ |∆χadj| + σ∆χadj , are shown in red. Clearly, their
number prevents us from reliably telling the direction that the
EVPA follows making the detection of the rotation uncertain.

The uncertainty in the detected rotation can also be shown
by examining the effect of the uncertainties in q and u on the
rotation angle. For simplicity, we assume that the measured q
and u are the means of the Gaussian distributed fractional Stokes
parameters which is equivalent to saying that they describe the
“real” intrinsic behaviour of the source. We then add Gaussian
noise based on their uncertainties and re-calculate the EVPA
curve and compare its parameters with those of the observed
one. In Fig. 3 we show the distribution of rotation angles, ∆χadj,
for a total of 104 simulated light curves. On the basis of our as-
sumptions the probability of detecting a rotation with an absolute
angle |∆χadj| within 1σ of the observed value is approximately
0.22. For larger rotations (|∆χadj| ≥ 309.5◦) the probability is
around 0.081.

4 Clearly, in the absence of physical constrains any solution of the
form n · π is equally valid. The choice of the smallest step is justified by
the assumption of minimal variability.

From this we conclude that we cannot be confident about
the intrinsic evolution of the EVPA. Even if we knew the intrin-
sic variability, the limited sampling and the measurement uncer-
tainties would allow a vast range of possible EVPA curves with
different rotation angles. Subsequently, the previous test can tell
us what is the most likely observation, but it cannot tell us any-
thing about the intrinsic variability. For example, although the
bin with the largest probability appears around −140◦, this does
not imply that the intrinsic EVPA rotation covers, most probably,
140◦.

Finally, the data points in Fig. 2 could be aligned with
roughly the same rotation rate if 180-degree shifts were cho-
sen accordingly instead of obeying the convention of smallest
change between consecutive measurements. This would result
in a rotation 360◦ larger than shown in Fig. 2. Clearly, the mea-
surement of an intrinsic rotation is limited by the sparse sam-
pling and the 180-degree-ambiguity. All following simulations
use exactly the same time sampling as the data and thus are af-
fected by the 180-degrees-ambiguity in the same way as the data.

In order to assess the reliability of the observed event we take
two steps:

1. We first estimate the probability that the measurement uncer-
tainties induce a fake rotation in the absence of a real,

2. we estimate the likelihood of an intrinsic rotation given the
observed data.

4.2.2. Is the observed rotation an artefact of noise?

Here we assess the probability of the observational noise induc-
ing the apparent rotation in the absence of an intrinsic rotation;
that is, assuming dχintr/dt = 0 deg d−1.

For simplicity, we set q to the mean polarisation fraction in
our simulations during the observed rotation prot and u to zero,
which results in χadj = 0◦. Subsequently, we add Gaussian noise
N to these values according to the estimated uncertainties:

q = prot +N(0,σq) (4)
u = N(0,σu). (5)
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