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1. Introduction

• We present the most densely sampled multiband optical photometric observations of
the peculiar BL Lacertae object OJ 287 from 2015 to 2025 with a focus on its optical
activity on diverse timescales. We present a total of 2296, 10,927, 11,484, and 2982
data points in B, V, R, and I bands, respectively.

• OJ 287 is monitored most thoroughly in optical bands, particularly V and R. The color
variability of blazars is often divided into two subcategories: bluer when brighter (BWB)
and redder when brighter (RWB).

• Once we have cleaned and reduced the raw science frames, differential photometry
was performed to obtain BVRI magnitudes of OJ 287 using local standard stars 9, 12,
and 13 in the blazar field
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2. Multiband Optical Data
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• Started in March 1997

• Over 70 sources

• 4 500 nights of observations
or ~36 000 hours of observations

• Over 500 000 images 

• About 100 papers published in high IF Journals

5



MB Optical Variability of OJ 287 During 2015-2025

3. Flux Variability Analysis

Large-amplitude variations can be seen in all four bands on similar timescales.
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• The light curve across all four bands is divided into 10 segments (or observing
seasons) due to yearly seasonal gaps with other gaps for individual
observatories caused by weather, maintenance, etc. All segments, as well as
the full light curve, have been used to better study the source’s variability.

• As blazars show variability in the entire EM spectrum and over diverse
timescales, we need to quantify these features as they can help to elucidate the
emission mechanism along with the physical properties of the emission region.

• The variability amplitude is computed for all light-curve segments, the color–
magnitude (CM) relationship is studied in detail, and the Z-transformed
discrete correlation function is computed for all light-curve pairs.
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4. Flux Variability Amplitude

where max, min, and σ are the uncertainties in mmax, mmin, and σ. In order to have 
a proper track of how light-curve variability varied over time, Vamp has been 
calculated for all the light-curve segments and bands, with the results given in the 
next table.
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5. Color Variability

• Closely related to flux variability is color variability, often called the CM 
relation, which can hint at possible physical processes mainly in the jet of the 
blazar. To study the color variability, we plotted the B − R and V − R colors 
against the B and R magnitudes, respectively, as CM diagrams in Figure 2. 

• We chose B − R and V − R to plot differences between widely separated and 
close bands, respectively, as they have the largest number of color indices. To 
clearly track each segment’s contribution in the CM diagrams, the segments are 
color coded. 

• Although a blazar’s spectral energy distribution is dominated by nonthermal 
emission, imprints of quasi-thermal emission can also be noted, at least in the 
quiescent/low state of the object under study. Apparently, an overall linear 
trend is evident in Figure 2 throughout the observation campaign and across all 
segments. 

• To quantify this behavior, we performed linear fits, with their respective slopes, 
intercepts, Pearson coefficients, r, and Spearman correlation coefficients, ρ, 
given in Table 3. We obtained 1425 B − R color indices and 2110 V − R color 
indices, with averages of 0.934 and 0.393, respectively. 

10



MB Optical Variability of OJ 287 During 2015-2025

11



MB Optical Variability of OJ 287 During 2015-2025

As can be seen of both Figures, the BWB trend becomes more evident as the 
difference in color between bands increases. 
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6. Z-transformed Discrete Correlation Function

• To estimate the cross correlation between these unevenly sampled time series, 
we employ the z-transformed discrete correlation function (ZDCF), originally 
introduced by T. Alexander (1997). 

• The ZDCF is an improvement over the discrete correlation function (DCF) 
developed by R. A. Edelson & J. H. Krolik (1988), addressing its statistical 
limitations by implementing two key modifications: equal population binning 
and Fisher’s z-transformation of the correlation coefficients. Unlike the 
traditional DCF, which bins time-lag pairs by fixed width, the ZDCF uses bins 
with an equal number of data pairs, improving statistical reliability across all 
lag ranges. Let n be the number of (xi, yi) pairs in a given time-lag bin, then, for 
each bin, the correlation coefficient r is computed as
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which is then transformed using Fisher’s z-transformation:
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• Here 𝑥𝑥, 𝑦𝑦 are bin averages, sx, sy are their standard deviations, and ρ is the 
unknown population correlation coefficient of the bin. Due to the presence of 
various emitting and absorbing regions surrounding an AGN, variations across 
different energy bands may not occur simultaneously, leading to observable 
time differences. 

• To implement the ZDCF, we made use of the Python package pyzdcf54 (I. 
Jankov et al. 2022). The results of the cross correlations are shown in Figure 4. 
As can be seen, the ZDCFs peak at zero lag, implying co-spatial optical emission. 

• The significance of the detected peaks are shown by red dashed lines in 
following diagram corresponding to a 3.5σ level. The significance is calculated 
by simulating 5 × 104 light curves, following the procedure discussed in D. 
Emmanoulopoulos et al. (2013).
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7. Conclusions

• Due to the seasonal gaps, the light was divided into a total of 10 segments,
with the object going through a maximum and minimum magnitude change of
∼2.87 and 0.86 in the V band (segment 1) and I band (segment 4), respectively.

• The CM relationship for OJ 287 was analyzed both over the entire light curve
and across individual segments. A clear “bluer-when-brighter” trend was
observed, not only in the full light curve, but also consistently within each
segment.

• The discrete correlation function analysis was performed between all bands
using ZDCF. All inter-band cross correlations were found to peak at zero lag,
implying that the emission is co-spatial in the BVRI bands.

• We combined eight optical spectra of the source to estimate its BH mass by
using the width of the [O III] line as a surrogate for σ in the M–σ relation, giving
a FWHM ≃ 918 km/s which translates to a BH mass of log MBH = 9.59 ±
0.40M⊙.
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