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In this paper, we present our results of study on the long tacitiwavelength variability prop-
erties of the quasar J2042508 (4C +74.26) — a giant radio source located at the readshif
0.104. This source exhibits interesting emission and stratproperties when observed in vari-
ous wavelengths, including X-ray, optical and radio fretgies. Therefore, exploring these prop-
erties through multifrequency variability studies presengreat importance to our understanding
of the evolution of quasars and radio-loud unification sch&m

We found a trend of anticorrelation with time lag of aboutethmonths between optical and
radio light curves. A weak correlation with a longer time tgabout 230 days might also exist.
Using the structure function method, applied to our six géang, optical data, we arrived at a
conclusion that the quasar variability with amplitude obab0.3 magnitude, is likely caused by
an accretion disk instability.
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1. Overall nature of the quasar J2042+7508

1.1 Properties of theradio structure

The radio quasar J2042Z508 (alternate name 4C +74.26) was disclosed by [18]. Tdvep
ful FRII-type ([8]) double-lobe radio source (see Fig.llpisated at R.A.(J2000.0) 2823753 and
DEC.(J2000.0}-75°0802"5. Its angular size is about 1@hich for the object redshift of z=0.104
gives the projected linear size of 1.14 Mpc (whem-H71 km st Mpc~? is adopted). [19] pre-
sented a sensitive 1.5 GHz VLA radio map which shows a largee96-350 kpc) one sided and
south directed radio jet.

[14] estimated the following parameters of the giant radiarse: its total and core luminosity
at 1.4 GHz is logPyt) = 25.67 WHz ! and logPeore) = 24.72 WHz 1, respectively. Further-
more, they obtained additional parameters of the radictire: the bending angle, which is the
complement of the angle between the lines connecting tteslalith the core, to be aboutZ, the
arm-length-ratio (the ratio of distances between the codetlae hotspots) close to 1.03.

The hotspot on the southern side is the most-X-ray-lumirmispot known at low redshift
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Figure 1: J2042-7508 — radio intensity contours at 1.4 GHz from the NRAO VLA/SSurvey ([5]) over-
layed on the optical R-band DSS image. The radio beam sizeaikad by a circle in the bottom-right
corner.
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Table 1: Flux densities of J20427508.

Radio core Total source
Freq. Flux & err Ref.| Freq. Flux & err Ref.
(MHz) y) (MHz) y)
327 0.070.006 [16]| 38 30+9 [18]
599 0.174:0.009 [12]| 151 9.9+1.0 [18]
1407 0.18-0.02 [18] | 408 4.0:0.1 [18]
1460 0.184-0.003 [16]| 599 4.0780.2 [12]
1666 0.24-0.02 [18] | 1407 1.630.08 [18]
2695 0.34:0.1 [18] | 2695 1.10.2 [18]
4880 0.3280.001 [16] | 4995 0.8%0.2 [18]
4995 0.42:0.1 [18] | 10000 0.6320.009 [21]
4995 0.320.1 [18]
4995 0.3%0.1 [18]
4816 0.25@-0.013 [12]
8400 0.333:0.001 [16]
10000 0.308:0.003 [21]
14900 0.306:0.002 [16]
270000 0.05%0.02 [18]

([7]). It is also significantly brighter than that on the ogjie side at radio wavelength. The lobe
flux-density ratio of 4C +74.26 is 2.69. The inclination angtlefined as the angle between the
jet axis and the line of sight, is 61The 10 GHz polarimetric map ([21]) shows that the magnetic
field is parallel to the presumed jet towards the lobes, alhoWie the general trend found in FRII-
type radio galaxies that they are circumferential towahdsgeripheries and nearly orthogonal to
the source axis near the hotspots. The southern hotspabigykt polarized. [12] estimated the
magnetic field strength within the radio lobes at 0.17 an@® G2 for the northern and southern
lobe, respectively. These values are typical of FRII-typerded radio lobes. The spectral index
estimated by [21] between 0.15 and 10 GHz of the northern aathern lobe is 0.74 and 0.78,
respectively. [16] presented a high resolution, 5 GHz Veoyd. Baseline Interferometry map of
the core of the quasar. The map shows one-sided parsecjstébat is well aligned with the
large-scale jet. There was no evidence for a counter-jetsugng that the asymmetry of the
parsec-scale jet is attributed to Doppler boosting, the akihe nuclear jet must g 49° from the
line of sight. The total flux density of the core at 5 GHz dessghfrom 0.42 to 0.31 Jy between
1986 and 1988 ([18]; see also Table 1). In addition, the edéraf 0.25 Jy at 4.8 GHz in 2000 made
by [12] is consistent with a strongly variable radio coreeThdio variability is also confirmed by
monitoring performed at 15 GHz with the 40-m telescope aQhens Valley Radio Observatory
(OVRO; [17]).

1.2 Optical and X-ray data

The optical image of 4C +74.26 shows that the central sowweiirounded by extended,
low-brightness emission. The absolute optical magnituafdbe quasar are WM~ —24.7™ and
Mg ~ —24.5™ and its bolometric luminosity is around210*® erg s1 ([24]). This makes it a low-
luminosity quasar. [24] estimated the quasar’s black hasswf 4<x 10°M ., and Eddington ratio
of ~0.04. [18] showed that the spectrum contains a brogdir¢ typical of quasars. The FWHM
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width of the Hs line is about 7500 km. [20] discovered large variations in both the degree
and position angle of polarization across the broadlide. The position angle is not precisely
orthogonal to that of the radio jet, suggesting that thetsgag outflow is either inhomogeneous,
or somewhat misaligned with the radio structure. In addijttbe polarized feature is redshifted by
~2000 km s relative to its median wavelength in total flux. Such a natfrthe polarized flux
can be explained by scattering in a high-speed outflow wihiidhis directed along the axis of the
radio jet, must have a velocity @f5000 km s to match the observed redshift.

[4] presented an X-ray study of the quasar 4C +74.26 madedoudivanced Satellite for Cos-
mology and Astrophysics (ASCA). The ASCA spectrum reveadkcations of three ingredients,
i.e. a reflection component, a neutral iron line and a warnordes. The underlying power law
has a photon index df = 2.03£0.09. The soft X-ray flux in 1996 was nearly twice as high
as that found in the Roentgen Satellite (ROSAT) observatiorl993 but without apparent spec-
tral changes. The X-ray data support the picture deduced fn@vious radio observations that
4C +74.26 is seen under a relatively large angle46). [2] presented an evidence of a broad
ionized Fe K, line in the XMM-Newton spectrum. This was the first indicatithat the innermost
regions of the accretion flow in broad line radio galaxiestamnthin, radiatively efficient disks.
The Fe K, line profile gives an inclination angle ef 40°. This is consistent with the radio limit
given above. [15] reported on a 90 ks Suzaku detection. Thecedorightened by about 20%
during the period of observations. They saw the evidenceeétsal hardening as the count rate
increased. They concluded that the inner AGN disk is eithissimg or not strongly illuminated,
and suggested that the latter scenario may occur if the plamesource is located high above the
disk, or if the emission is beamed away from the disk.
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Figure 2: J2042-7508 — optical R-band light curve (dark symbols). Green syisibepresent magnitude
differences between the comparison and the check stars.
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The source is not a strong gamma-ray emitter and [10] gavepper limits based on the
Fermi Gamma-ray Space Telescope observations: the itgdgpdnoton flux above 100 MeV
F-o01cev < 11x 107° ph cnm? s71, the y-ray flux [VFy]o1 10cev < 4.7 x 10712 erg cn? s71,
and the correspondingray luminosity lodL,) < 44.1 erg s*.

2. Analysis of multiwavelength variability of J2042+7508

2.1 Optical monitoring

We have undertaken optical observations of a sample of eaglid quasars in 2009. Among
them, J2042-7508, with a declination of about 75can be observed throughout the entire year
at sites located in Poland. The data have been primarilyegadhat the Mt. Suhora Observatory
of the Pedagogical University in Krakow. The 60-cm telesceguipped with an Apogee CCD,
mounted in the prime focus and a set of UBVRI filters (Bessslpecification [3]) was used. Some
complementary data have been gathered at the AstronomicsaEr@atory of the Jagiellonian Uni-
versity with the 50-cm telescope equipped with an Andor C@0D a similar set of wide band
filters. A series of R filter images of a target has been obthewery few nights along with cali-
bration images (bias, dark and flatfield, usually on sky). Gmes occasions also multicolor data
(BVRI) were taken. The same comparison (GSC0103002595¢keck (GSC0103002574) stars
have been used during the entire observing campaign. Tewechs uniform as possible results,
despite of several observers being engaged in this prafecteduction of CCD frames was done
by the same person. The R filter data gather of J204D8 since early 2009 till August 2015 are
shown in Fig. 2. The light curve as magnitude difference$ waspect to GSC0103002595 and
GSC0103002574 are plotted in black symbols, while magaittifferences between check and
comparison stars are shown as green symbols.

R=0.98
a=0.37+/-0.01
b=-1.93+/-0.03
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Figure 3: Structure function of J20427508 with a linear fit (dashed line). The parameters of therét a
given in the upper-left corner.

Information from time-series data can be extracted by wiifie methods. These most often
used are: Fourier power spectrum, autocorrelation funaiod structure function (SF). The SF
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Figure4: Left panel: optical (blue) and radio (red) light curves of J2642508 normalized by their corre-
sponding meansRight panel: Radio flux densities plotted against simultaneous optioaks. The time of
observations is shown by the color bar.

technique has been widely used to analyze the light curvesia$ars. It describes a distribution
of variability by measuring the mean value of variation magies separated by a given time
interval T (the full definition can be found in e.g. [22]). In the case sfng the SF method,
no information about physical processes can be inferredssnihere is a model from which a
theoretical SF could be calculated. Only then, by compaitiegshapes of the two, one can draw
a conclusion about the nature of a phenomenon. Several mbdglbeen computed to explain the
cause of observed optical variability in quasars: acanetiisk instabilities [11], supernovae and
starburst processes [1], gravitational microlensing |9 applied the SF method to J2042+7508
to reveal its properties from our 6 years long optical datae §alculated shape of SF is shown in
Fig. 3. We obtained the SF slope value 84 0.01. This indicates, that the optical variability
could likely be due to the disk instabilities, caused by ameiform accretion rate. The time scales,
predicted by the model, would be of order of days — for the nrosr stable orbit, to years — if
they occur in the outer parts of an accretion disk.

2.2 Cross-correlation of radio, optical and X-ray data

The optical and radio observations of J2@4508 were gathered during almost the same
period of time. This enables us to check a possible corogidietween the light curves in these
two wavelengths. Interestingly, a trend of anticorrelatimtween them can be clearly seen in Fig.
4 — left panel, which presents both light curves normalizgthieir corresponding means, and also
from Fig. 4 —right panel, which shows a plot of simultaneadio fluxes against optical ones. The
correlation between them is further analyzed more robustlgstimating the discrete correlation
function (DCF) as described in [6]. This function measutesdegree of correlation between two
light curves as a function of time lag the shift between the light curves in time. Since DCF within
this method is not normalized, the normalization suggebtefP3] was applied so that the DCF
value equal to 1 indicates completely correlated dataanticorrelated, and a value of O indicates
no correlation.

The resulting DCF for J20427508 is shown in Fig. 5. The 90%-significance-contour level
(shown by dotted curves) estimated by 10000 random paitisnedated light curves of white noise
is also plotted. While computing the DCF, the length of timeetilag was limited to about half of
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Figure5: Discrete correlation function for 22042508 as the function of time lag in days. The positive lag
here means high energy emission leading the lower one. Tieddmurves show the 90% confidence level.

the duration of observations because the DCF estimatiaivies less number of observation as
the time lag becomes larger, making the correlation vals® sggnificant.

As it can be seen in Fig. 5, on the positive upper part (cdioglp there is one very prominent
peak atr=—900 days and the value of DCF6@. There is also another one,tat230 days but with
very low DCF, barely exceeding the 90% significance level.liDespite the former peak showing
high statistical confidence its time lag is long, close to¢basidered lag's edge. Therefore, its
reliability is doubtful as this result could be spurious doi¢he correlation found in subsets of data.
Only data of significantly longer duration can confirm thesemce of correlation with such a long
time lag. On the other hand, the correlation witt230 days, indicated by the latter peak, though
barely significant, looks visually very convincing as seerthie left panel of Fig. 6. Again, only
when a longer run is analyzed and the correlation remairseptewill it be possible to draw firm
conclusions about its nature.

There are three statistically significant peaks in the botpart (anticorrelations) of Fig. 5: two
at longer time lags of=—500 and 600 days and another one with smaller value amaongl foeaks
at =—87 days. We believe that the results for two anticorretegtifor longer time lags may not be
quite reliable for the data sets with current length as th& B&timation involves a smaller section
of the curves as presented in Fig. 6 — right panel. Using tmedaCF method, we also performed
cross-correlation of the optical and X-ray data taken from $wift/Burst Alert Telescope (BAT)
database ([13]). We did not find significant correlationsiesn these two bands.

3. Conclusions

We analyzed photometric observations of J204308 taken in the wide band R filter from
2009 to 2015. The structure function of the observed lighvewas calculated. Based on the
SF properties, we confirm our earlier conclusion ([25]) tiwt optical variability of the quasar is
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Figure6: Normalized optical (blue) and radio (red) light curve of 426 7508.Top panel: the time axis of
radio light curve being shifted by 87 days.Middle panel: the time axis of radio light curve being shifted
by +230 daysBottom panel: the time axis of radio light curve being shifted #1600 days.
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consistent with predictions of the accretion disk insigbihodel. We also cross-correlated optical
with 15 GHz radio data and optical with X-ray observation@r the latter no correlations were
found, while the former revealed a correlation with time tadgse to 230 days, however, it barely
exceeds the 90% confidence level. An anticorrelation, walle the 90% confidence level, with
the time lag of -87 days is present. Furthermore, DCF showliadal statistically significant
peaks at longer time lags but we believe that with the curemgth of data, they can be just
spurious and more firm conclusion can be only drawn in therdyutwhen observations spanning
over a significantly longer period of time become available.
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