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‘We present the results of a photopolarimetrical study of the blazar OJ287 in the period November
2012—-January 2015. Observations were conducted using the Focal Reductor FoReRo-2 of the 2-meter
RCC telescope of the National Astronomical Observatory (NAO) — Rozhen. The observed change
of the position angle (P.A4.) corresponds to mean rotation of the plane of polarization of 6.23 £0.05
deg/day, in good agreement with previous measurements. An indication of a correlation between the
change of brightness in R-band and the change in the degree of polarization is also observed.

Keywords: techniques: polarimetric; galaxies: active; BL Lacertae objects: general; BL Lacer-
tae objects: individual: OJ287; galaxies: nuclei; quasars: general
PACS numbers: 98.54.Cm

1. INTRODUCTION

Blazars are amongst the most variable and energetic objects in the universe.
They are a type of active galactic nuclei (AGN), powered by matter, falling on a
supermassive black hole in the center of a large galaxy.

0J287is a BL Lac type AGN at z=0.306. It is one of the most widely observed
and well-studied objects of this type. Observational data dates back to 1890 and the
analysis give a confirmed period of outbursts at intervals of roughly every 11 years
[1]. The most prominent theoretical model for OJ287 is the one of a binary black
hole (BBH) system in which the smaller black hole crosses the accretion disk of
the larger one [2].

0J287 exhibits some characteristics, which are common for all blazars of such
type. However, the periodicity of its outbursts is an unusual behavior [3]. Even the
best current models fail to predict some of the outbursts that are observed and polar-
ization behavior might be the key to determine which models work better. The obser-
vations of OJ287 show linear polarization at multiple wavelengths [4]. According to
polarimetrical studies, significant wavelength dependence in the degree of polariza-
tion is also observed [5]. Observations in the optical and radio- wavelengths indicate
strong variability in the degree of polarization (P) and position angle (P.A4.) [6].

2. OBSERVATIONS

This study presents our original polarimetrical and photometrical observations
of 0OJ287 blazar-type AGN. We gathered and analyzed data from the nights of 17-18
Nov 2012, 13 Jan 2013, 04-05 Apr 2013, 30-31 Mar 2013, 19-21 Oct 2014, 17 Nov
2014, 13—14 Jan 2015. The observations were conducted with the 2-m RCC telescope
at the National Astronomical Observatory Rozhen, Bulgaria, equipped with the fo-
cal reducer FoReRo2 [7]. The observation data for November 2012 through January
2015 is given in Table 1. Please note, that part of the data in the period November
2012—April 2013 was published in [13] and [14], but the data from 2014-2015 is
published here for the first time.

For the observations we use a color splitter that transmits redder than 5800 A
light into the red channel and reflects bluer than 5100 A into the blue channel of the
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reducer. We used an optical element with two combined Wollaston prisms that form
a single polarizer. The PA. of the prism differ by 45 deg, so we get four polarized
beams with orientations at 0, 45, 90 and 135 deg each [13].With this setup and by
using the Stokes equations [8], we perform the polarization determinations. Descrip-
tion of the method of measurements and the calculations can be found in [9] and [13].

Table 1. OJ287 observational data for 2012 November—2015 January

JD at midnight  Images Exposure [s] Total inte- Total integration time [s]

Object —2456700 [d] gration time
[s]

HD 10476 494 30 0.2 6 6
HD 14433 494 30 0.5 15 15
0J287 49.5 30 60 1800 1800
0J287 49.5 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 30 60 1800 1800
0J287 49.6 20 60 1200 1200
0J287 50.5 10 60 600 600
0J287 50.5 10 60 600 600
0J287 50.5 10 60 600 600
HD 90508 106.4 10 3 30 30
HD 90508 106.5 10 1 10 10
HD 43384 106.5 10 1 10 10
0J287 106.4 10 300 3000 3000
0J287 106.5 10 300 3000 3000
HD 144287 187.5 5 0.5 2.5 2.5
HD 144287 188.4 5 0.5 2.5 2.5
HD 154445 187.5 5 0.1 0.5 0.5
HD 154445 188.5 5 0.2 1 1
0J287 187.5 3 300 900 900
0J287 188.4 15 300 4500 4500
HD 43384 546.5 5 0.1 0.5 0.5
HD144287 546.5 5 0.2 1.0 1.0
0J287 546.5 5 120.0 600.0 600.0
0287 547.5 25 150.0 3750.0 3750.0
HD 23512 749.5 10 0.5 5.0 5.0
HD 65583 749.5 10 0.2 2.0 2.0
0J287 749.5 10 200.0 2000.0 2000.0
0287 750.5 10 200.0 2000.0 2000.0
HD 23512 778.5 10 0.2 2.0 2.0
HD 65583 778.5 10 0.2 2.0 2.0
01287 778.5 5 300.0 1500.0 1500.0
HD 23512 835.5 20 0.5 10.0 10.0
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HD 65583 835.5 20 0.1 2.0 2.0

0287 835.5 30 100.0 3000.0 3000.0
0287 836.5 20 80.0 1600.0 1600.0
0J287 836.5 10 100.0 1000.0 1000.0

3. DATA REDUCTION

Polarization can be determined using the Stokes parameters /, O, U and V.
They fully describe the state of polarization of an arbitrary electromagnetic wave
[10]. A complete derivation of these parameters, as well as guides and methods for
measuring them, are given in [8], chapters 1.6 and 1.7.

The method for measurement of the Stokes parameters is given by [9]. This
method requires the usage of standard stars whose P.A. and polarization, are well
known. Furthermore, it requires that some stars are with low P, and some — with
high P. In this article, we have used the low-polarization standard stars HD 144287
and HD 65583, and the high-polarization standards HD 43384 and HD 23512.

All images have been reduced using the software package IRAF (Image Reduc-
tion and Analysis Facility, [11]). The photometric measurements have been reduced
using the widely-known and accepted procedure: correction for noise (thermal and
other), “flat field” correction, and median combination of the resulting images. The
method, its purpose, application, advantages and drawbacks, are described broadly
in many articles, e.g. [12].

Each of the combined images is then subjected to aperture photometry with
aperture radius approximately equal to the full width at half maximum (FHWM).
The process for finding P and P.A. is described in [9] and [13].

4. RESULTS AND DISCUSSION

Measurements of the polarization and the P.A., as well as the number of complete
rotations of the plane of polarization k& (see [13] for elaborate details) are shown in
Table 2. Magnitude in R-band and polarization curves is shown simultaneously in
Fig. 1. Measurements of the P.4. with the applied fitting are shown in Fig. 2.

Our results show mean rotation of the plane of polarization of 6.23 +0.05 deg/
day, which is in good agreement with previously measured values [13]. However,
further studies are necessary to understand better the physical properties of OJ 287,
especially in the periods following the flares of this blazar [15].
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0J287 Photometry and Polarimetry: Results
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Fig. 1. 0J287 Photometry and Polarimetry: Results. An indication for correlation between
photometric and polarimetric variability is observed
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Fig. 2. PA. Measurements for OJ 287. Observed P.A. change corresponds to rotation of 6.23 (+
0.05) deg/day
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Table 2. Photopolarimetrical results for Blazar-type AGN 0J287 in the period 2012-2015

Error

DATE D -2456200 | P[%] | Ertor [%] | P. [deg] | PA.() [deg] | (400 k
17 NOV
2012 49.495 980 272 73.29 73.29 3.15 0
49.523 9.84  2.69 74.52 74.52 3.15 0
49.552 9.71 2.67 74.77 74.77 3.15 0
49.588 989 276 74.62 74.62 3.15 0
49.618 945 278 73.53 73.53 3.16 0
49.646 948 276 72.53 72.53 3.16 0
18 NOV
2012 50.491 927 656 62.60 62.60 3.37
50.500 9.54 531 64.45 64.45 3.29
50.510 9.53 5.34 64.17 64.17 3.29
13 JAN
2013 106.364  4.93 5.10 117.33 24267 320 1
106496 507  3.91 117.91 24209 3.07 1
04 APR
2013 187.448 2559 1390  163.65 -736.35 1.53 2.5
05 APR
2013 188.348 1937 1052 172.34 -727.66 1.53 2.5
188.385 1935 991 172.37 727.63 1.52 2.5
30 MAR
2014 547390 1595  24.74 4672 301328 652 8.5
31 MAR
2014 548337 211 9.15 4204  -3017.96  5.94 8.5
19 OCT
2014 750.576 528  6.15 132.74  -418726  3.58 12
20 OCT
2014 751.590  5.81 5.57 130.1 -4189.90 347 12
17 NOV
2014 779.524  3.09  3.77 4874 427126 2.04 12
13 JAN
2015 836.558 1518 2.1 135 -4905.00 241 14
14 JAN
2015 837359 499  2.56 11684  -4923.16  2.59 14
15 JAN
2015 837.673 1534 372 132.82  -4907.18  2.46 14
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5. CONCLUSIONS

Photopolarimetrical studies of the blazar OJ287 are a powerful tool to deter-
mine between different plausible theoretical models. It is particularly important to
perform such measurements during outbursts when the characteristic double-peak-
ed flares could be separated [15]. The first peak is known to be of thermal origin
while the second one could be due to either polarized synchrotron radiation or to
unpolarized / low-polarized bremsstrahlung (braking radiation).

In this article we extend the polarimetrical and photometrical observations we
began in the period of November 2012 through April 2013, described in [13] and
[14]. We add more recent data obtained in the period from March 2014 through
January 2015 in an effort to refine our results for the measurement of the rotation of
the plane of polarization of OJ287. From the variation of the P.A. we were able to
derive mean rotation of the plane of polarization of 6.23(+ 0.05) deg/day, compared
to the result from the previous data set of 5.80 (= 0.03) deg/day [13]. The combined
photopolarimetrical observations from the whole period suggest significant correla-
tion between polarization and brightness in R-band which is an expected result in
some of the theoretical models [13].

Further polarimetrical observations of this object are strongly encouraged,
since such results are scarce, but can serve as an important constrain to the theoret-
ical models.
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