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BL Lac object S5 0716+714 is a well-studied object. In this paper, the available optical (BVRI) data of this source are compiled, and
the B-, V-, R- and I-band light curves are constructed. Each of them is analyzed by means of the discrete correlation function (DCF)
method, the structure function (SF) method and the z-transformed discrete correlation function (ZDCF) method. The results imply
that there is a possible periodic variation of 1211 days in each passband light curve. The source varies violently and complicatedly,
and exhibits a brightening trend in the light curves.
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1 Introduction

As a special subclass of active galactic nuclei (AGNs),
blazars include BL Lacertae objects and flat-spectrum radio
quasars. They are widely studied at all wavelengths in recent
years. They show some extreme properties: rapid and large
variability, high and variable polarization, and no or only
weak emission lines. But the nature of AGNs is still an open
question. Variability analysis is one of the most important
tools in studying the nature of AGNs, because much valuable
information on the physics of AGNs lies in the amplitude of
variation [1]. From observations of blazars, it is known that
they vary on diverse time scales ranging from a few minutes
to several years. Blazar variability can be broadly divided
into three classes viz. intra-day variability (IDV) or intra-
night variability or micro-variability, short term variability
and long term variability. Periodicity analysis is an important
part of the variability studies because the stable periodicities
can help us locate the relevant physical parameters in AGNs.
Some particular objects are claimed to display periodicity in
their light curves over a variety of timescales [1–9].

The radio source S5 0716+714 was discovered in 1979
[10], and was classified as a BL Lac object because of its fea-
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tureless spectrum and its strong optical polarization [11]. By
optical imaging of the underlying galaxy, its redshift of z =
0.31±0.08 was derived recently by Nilsson et al. [12]. The
source is a highly variable object and exhibits strong vari-
ability both on timescales of months [13] and on timescales
of days and hours [14–20]. Quasi-periodic oscillations of S5
0716+714 have also been studied. Early in 1990 February,
the light curves showed a change in the typical variability
timescale from 1 day to 7 days [18,21]. Sagar et al. found that
events with large amplitude (� 1mag) had almost the same
duration of about 30 days [22]. Katajainen et al. found that
the maximum point in its light curve would seem to occur
with a period of 60-70 days [23]. Qian et al. also found evi-
dence of quasi-periodic oscillations in their observations, and
there may be a period on the order of 10 days in its light curve
[24]. Ma et al. obtained one possible medium-timescale vari-
ation with a period of around 14 days [25]. Raiteri et al.
found there may be an oscillation on a 3.3 year time scale
in the R band light curve [26].

Our goal in this paper is to search for the possible long-
term variable period in the historical optical light curves
of BL Lac object S5 0716+714. Due to unevenly sam-
pled monitoring data, the discrete correlation function (DCF)
method and the structure function (SF) method as well as z-
transformed discrete correlation function (ZDCF) method are
employed.
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2 The historical optical light curves

The source S5 0716+714 has been studied intensively and
some light curves have been published. All available optical
BVRI-band data on this source are compiled. These data are
from the literature [13,20,23,24,26–28]. In sum, 23307 data
points are collected. In order to estimate the total variability
of each light curve, the fractional variability amplitude Fvar is
calculated, which is known as

Fvar =

√
S 2 − ε2

err

x2
, (1)

where S 2 is the sample variance of the light curve, x is the
average flux and ε2 is the mean of the squared measurement
uncertainties [29,30]. The detailed statistics and variabilities
of these data are listed in Table 1. The first column repre-
sents the bands, the second represents the numbers, the third
represents the mean values, the fourth represents the standard
deviations, the fifth represents the largest variations and the
last represents the fractional variability amplitudes. The full
light curves of different passbands are displayed in Figure 1.
They are very similar, and span more than 12 years.

From Figure 1, one can see a slight brightening trend in the
historical light curves. On average, the source is brightening
with amplitudes of 0.09, 0.07, 0.08 and 0.06 mag per year in
the B, V , R and I passbands, respectively. In the optical B-
band light curve, the long term brightening trend with a mean
variation rate of 0.11 mag yr−1 was also found by Nesci et
al. [31].

Table 1 Statistics of BVRI-band data of BL Lac object S5 0716+714

Band N Mean (mag.) σ (mag.) Δ (mag.) Fvar

B 3499 13.83 0.60 3.11 0.043

V 4954 13.64 0.68 3.18 0.050

R 12701 13.23 0.50 2.90 0.038

I 2153 12.94 0.44 2.54 0.034

Figure 1 The full historical light curves of BL Lac object S5 0716+714.
Most of the error bars are very small and invisible in the plots.

3 Period analysis methods

In general, there are several methods that can be used to
search for periodicities [1]. In this work, three statistic meth-
ods are used: DCF, SF and ZDCF methods, which are the
ideal methods for the unevenly sampled variability data. In
this way, the results of the analysis can be cross-checked and
be better confirmed.

3.1 The discrete correlation function method

The discrete correlation function (DCF) was introduced by
some authors [32,33]. It can not only provide the correlation
of two series of unevenly sampled variability data with the
time lag, but also can give evidence of periods that lie in a
single temporal data set. This method does not require in-
terpolating in the temporal domain. Its other advantages are
that it uses all the data points available and calculates a mean-
ingful error estimate. The first step is to calculate the set of
un-binned discrete correlations (UDCF) between each data
point in the two data streams. It is defined as follows:

UDCFi j =
(ai − a) × (b j − b)√

σ2
a × σ2

b

, (2)

where ai and b j are points of the data sets a and b, a and b are
the means of the data sets a and b, σa and σb are the standard
deviations of each data set. Each of UDCFi j is associated
with the pair lag Δti j = t j − ti. Then we average over the M
pairs for which τ−Δτ/2 � Δti j < τ+Δτ/2, and obtain DCF:

DCF(τ) =
1
M
ΣUDCFi j(τ), (3)

where M is the number of pairs in the bin. The standard error
for each bin is defined as

σ(τ) =
1

M − 1
{Σ[UDCFi j − DCF(τ)]2}1/2. (4)

When a=b, the autocorrelation DCF is produced, and
when a�b, the cross-correlation DCF is measured. In most
cases, the evident peak in the cross-correlation function
means a strong correlation between two data series. The
higher the peak, the stronger the correlation. The peak with
a value equaling one in the autocorrelation DCF implies a
strong period in the data set. The choice of the bin size Δτ is
governed by a trade-off between the desired accuracy in the
mean calculation and the desired resolution in the description
of the correlation curve. In practice, the results depend only
weakly on the specific bin size chosen. In order to obtain sta-
tistically meaningful values for the time lags and the uncer-
tainties, one must perform Monte Carlo simulations [26,34].

Z-transformed discrete correlation function (ZDCF)
method is related to the discrete correlation function (DCF)
[35]. It is a binning type of method and can be considered as
an improvement of the DCF technique. And it is more robust
than DCF method when applied to very sparely and irregu-
larly sampled light curves [36,37]. The ZDCF differs in a
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number of ways from the DCF, a notable feature being that
the data are binned by equal population rather than into time
bins of equal width Δτ. One advantage of this technique is
that it allows direct estimation of the uncertainties on the lag
without the use of more assumption-dependent Monte Carlo
simulations.

3.2 The structure function method

The structure function (SF) can potentially provide informa-
tion on the nature of the physical process causing any ob-
served variability. This method has several significant advan-
tages. It is much easier to calculate and less affected by gaps
in the light curves [38]. The definitions of SFs and their prop-
erties are presented in some literature [39–42]. The first-order
SF is defined as

S F(τ) =
1
N
Σ[a(t) − a(t + τ)]2, (5)

where a(t) is a point of the time series {a}, and the summation
is made over all pairs separated in time by Δt which belongs
to the interval [τ − Δτ/2, τ + Δτ/2]. The Δτ is a free param-
eter similar to that in the case of the DCF. The term N is the
number of such pairs. If a periodic signal with time scale of
P does exist in the light curve, the SF will show minima at
τ = P, with a value approaching zero. When τ is extended
to multiples of P, SF itself goes through a series of cycles
[1,26,43–45].

4 Results

The autocorrelation DCF and SF are calculated with a bin
size of 15 days to determine the period in the B passband light
curve. To constrain the spurious effects, the original fluxes
are averaged over 5 days. The DCF and SF results are plotted
in the top and middle panel of Figure 2, respectively. In the
top panel of Figure 2, one can obviously see the highest peak
corresponding to 1200 days. The value of DCF is 0.5 ± 0.12.
To obtain a more reliable estimate of the position of the peak,
the centroid of the DCF is calculated, which is the weighted
average of all DCF points greater than 80% of DCFmax. The
centroid is 1185 days. In the middle panel of Figure 2, the
SFs show a minimum at the position of 1230 days. The re-
sults calculated by means of two methods are in good agree-
ment with each other. As a separate check, the z-transformed
discrete function (ZDCF) is calculated and plotted in the bot-
tom panel of Figure 2. At the position of 1241 days, there is
a ZDCF peak with the value of 0.41. Cor-responding to this
peak, the centroid is 1206 days. This means that 1185–1230
days is a possible period in the B passband light curve of S5
0716+714.

The bin size of Δτ may affect the results of DCF and SF
slightly. So, the different bin sizes of 10 days and 20 days are
also used in this analysis. The shapes of DCF and SF show
no evidence of change, and the positions of DCF maximum
and SF minimum also show no obvious shift. The results are

Figure 2 The DCF (top), SF (middle) and ZDCF (bottom) for the B pass-
band. The vertical dotted line indicates the possible period according to the
peak of DCF.

listed in Table 2. The first column is passbands, the second is
the bin sizes, the third is the possible periods determined by
the DCF method, the fourth is the possible period determined
by the centroids corresponding to the DCF peaks, the fifth is
the DCF values, the sixth is the possible periods obtained by
the SF method, the seventh is the SF values, the eighth is the
possible periods suggested by the ZDCF method, the ninth is
the possible periods according to the centroids of the ZDCF
peaks and the last column is the ZDCF peak values.

A similar analysis is also made in the V , R and I passband
light curves. The DCFs and SFs with the bin size of 15 days
as well as ZDCFs are plotted in Figures 3–5, respectively.
The detailed results are also listed in Table 2. The possi-
ble periods are very consistent and they vary a little between
1090 days and 1260 days. The mean period and the standard
error are 1211 days and 38 days. From Figure 2 to Figure 5, it
can be seen that the peaks in DCF and ZDCF and minima in
SF are very broad. So, 1211 ± 38 days can be considered as
a possible period in the optical variations, although the peri-
ods determined by different methods in different colors show
a little difference.

Figure 3 The DCF (top), SF (middle) and ZDCF (bottom) for the V pass-
band. The vertical dotted line indicates the possible period according to the
peak of DCF.
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Table 2 Results determined by means of DCF, SF and ZDCF methods

Band Δτ (day) Period (day) Period (day) DCF Period (day) SF Period (day) Period (day) ZDCF
B 10 1190 1194.5 0.49 ± 0.08 1230 0.21
B 15 1200 1185.4 0.44 ± 0.07 1230 0.22 1241+18.3

−4.9 1205.8 0.41+0.10
−0.10

B 20 1180 1210.5 0.41 ± 0.06 1240 0.22
V 10 1200 1210.6 0.50 ± 0.08 1240 0.19
V 15 1185 1237.4 0.47 ± 0.06 1230 0.20 1192+13.7

−3.0 1227.1 0.48+0.08
−0.08

V 20 1240 1229.5 0.45 ± 0.07 1240 0.20
R 10 1240 1244.7 0.40 ± 0.07 1250 0.28
R 15 1245 1259.0 0.36 ± 0.05 1245 0.29 1242+21.3

−3.9 1222.4 0.36+0.08
−0.09

R 20 1240 1249.2 0.32 ± 0.05 1260 0.31
I 10 1170 1175.2 0.52 ± 0.08 1090 0.21
I 15 1170 1177.3 0.50 ± 0.07 1095 0.22 1185+9.2

−3.7 1180.5 0.45+0.10
−0.11

I 20 1180 1188.4 0.51 ± 0.06 1240 0.24

Figure 4 The DCF (top), SF (middle) and ZDCF (bottom) for the R pass-
band. The vertical dotted line indicates the possible period according to the
peak of DCF.

Figure 5 The DCF (top), SF (middle) and ZDCF (bottom) for the I pass-
band. The vertical dotted line indicates the possible period according to the
peak of DCF.

5 Discussion and conclusions

The variation of the source S5 0716+714 is very complex.
When the three period analysis methods are applied to the
light curves, the results show good consistency. They all sug-
gest there is a possible period of ∼1211 days in the optical
light curve. The period of 1211 days is also very consistent
with that of 3.3 years found by Raiteri et al. [26] in the optical
R-band light curve.

From Table 2, one can see that the peak values of DCF
and ZDCF are near or below 0.5. This means that 1211 days
may be a weak period. The full light curves cover about 4462
days, and they have huge gaps after JD 2452000 (see Figure
1). Compared to the period of 1211 days, the light curves
are not long enough, so that further monitoring is needed to
check whether the source varies periodically.

The long term periodical variations may be explained by
a binary black hole model or cyclic behavior of the accretion
disk [2,46]. Several possible explanations for the periodic
variations are also discussed by some authors [44]. They
conclude that the periodic variations most likely arise from
the intersections of a shock propagating down a relativistic
jet that possesses a helical structure.

In conclusion, the historical optical BVRI-band light
curves of S5 0716+714 are presented. This source varies vi-
olently and complicatedly. On the whole, it has brightened
slightly during the past 10 years. The results show evidence
of a 1211-day periodic variation in the light curves. To con-
firm whether or not there is a period variation in the light
curve, further monitorings of this source are needed.
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2 Sillanpää A, Haarala S, Korhonen T. Optical monitoring of quasars and
BL Lac objects. Astron Astrophys Suppl Ser, 1988, 72: 347–354

3 Webb J R, Smith A G, Leacock R J, et al. Optical observations of 22
violently variable extragalactic sources - 1968-1986. Astron J, 1988, 95:
374–397

4 Kidger M R. The optical variability of 3C 345. Astron Astrophys, 1989,



1374 ZHANG BingKai, et al. Sci China Phys Mech Astron July (2010) Vol. 53 No. 7

226: 9–22
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