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Abstract: Blazars show rapid and high amplitude variability. It is interesting to question what kind
of process the variability corresponds to. Maybe it is a result of the instability of the accretion flows.
In this work, Fermi daily light curves of 130 sources are analyzed, and the distributions of daily
variability are compared by using a Kolmogorov–Smirnov (K-S) test. The results can be summarized
as follows:(1) in most cases, the distributions are not Gaussian; (2) some pairs of the distributions
are similar.
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1. Introduction

Blazars represent an extreme subclass of AGN (Active Galactic Nuclei). It is believed that the jet
of the blazar flows along the line of our sight. The blazar model consists of a supermassive black hole
in the center, an accretion disk and a torus around it, and a relativistic jet in the direction of the poles.
From observation, blazars show rapid and significant variability, high polarization of radiation, and
superluminal motion and other changes with time.

A vast amount of observational data has been obtained about the variability of blazars. Many cases
of periodic variability have been found from the light curves of blazars (see [1–7] and references therein).
From another point of view, the data also shows that blazar light curves are similar to the “red noise”
in the frequency domain (see [8–10] and reference therein). Therefore, what type of “red noise” is it?

In our work, a statistical method using the Kolmogorov–Smirnov (K-S) test is adopted to analyze
the light curves of blazars, leading to some interesting results. The paper has been arranged as follows:
the results are presented in Section 2, and Section 3 provides a discussion of these results.

2. Data and Analysis

2.1. Data and Preprocessing

The analyses of daily light curves here were retrieved from the on-line database of the (LAT) 1.
Data for a total of 130 Fermi sources were obtained.

1 http://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3table.pl?tablehead=name%3Dfermilasp&Action=More+Options
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Commonly, fluxes of Fermi sources are highly variable. Here, F(t) was used to denote the flux at
time t. Because the time interval of the flux F(t) is usually one day, the daily variability of flux can be
calculated by the formula

Vi = F(ti+1)− F(ti), i = 1, 2, . . . N.

Here Vi is the daily variability of the flux, and N is the number of observational data.
Then, the mean value µ and the standard deviation s of Vi can be obtained by the two

formulas below,

µ =
1
N

N

∑
i=1

Vi, i = 1, 2, . . . , N,

s =

√√√√ 1
N − 1

N

∑
i=1

(Vi − µ)2, i = 1, 2, . . . , N.

Next, Vi was subtracted by µ and divided by s to normalize,

Xi =
Vi − µ

s
, i = 1, 2, . . . , N,

Here, Xi is the normalized daily variability of flux, with a mean of 0 and a variation of 1.

2.2. Test and Pairwise Comparison

When values of Xi have been obtained, the Kolmogorov–Smirnov test (K-S test) can be used to test
whether the distribution of Xi is similar to a Gaussian distribution. First, the cumulative distribution
function (CDF) of Xi should be calculated and is denoted by CDF(x).

CDF(x) = ∑
Xi≤x

1
N

.

CDF(x) is a function giving the fraction of observations of the measured variable that are less
than or equal to x. CDF(x) is constant between consecutive Xi points, with a constant value of 1

N
added at each Xi (See Figure 1).

Figure 1. The double logarithmic graph of the cumulative distribution function (CDF). The left is the
plot of the negative data set of Xi, the right is the plot of the negative data set of Xi.

For each source of the sample, the K-S test was used to make a comparison between the
distribution of Xi and a Gaussian distribution. The K-S statistic D and the significance level p of
the equivalence can be obtained. For example, for PKS 2255-282, D is 0.142 and the significance p
is 2.91 × 10−11; for 3C 446, D is 0.136 and the significance p is 4.63 × 10−24; for PKS 2320-035, D is
0.192 and the significance p is 1.56 × 10−29; for CGRaBS J0211+1051, D is 0.190, and the significance p
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is less than 10−45. The double logarithmic graphs of CDF curves are shown in the bottom panel of
Figure 2. The results indicate that the variability of the Fermi light curve of these objects is not similar
to Gaussian noise.

(a) PKS 2255-282

(b) 3C446

(c) PKS 2320-035

(d) CGRaBS J0211+1051

Figure 2. Double logarithmic graphs of the cumulative probability distributions of PKS 2255-282, 3C446,
PKS 2320-035, and CGRaBS J0211+1051. The solid line is the cumulative probability distribution of the
source, the dotted line is the cumulative probability distribution of a Gaussian distribution. For PKS
2255-282, the distribution of Xi and the Gaussian distribution are similar with p = 2.91 × 10−11, for 3C
446, they are similar with p = 4.63 × 10−24, for PKS 2320-035, they are similar with p = 1.56 × 10−29,
and for CGRaBS J0211+1051, they are similar with p ≤ 4.63 × 10−24.
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Next, a K-S test was done for the normalized daily light variability Xi for any pair of sources. We
show the two best pairs of sources. Figure 3 shows the double logarithmic graphs of CDFs of PKS
2255-282 and 3C446. The significance of the equivalence for the distributions of these two objects is
p = 94.3%.

Figure 3. Double logarithmic graphs of CDFs of PKS 2255-282 and 3C446. The thin line is the CDF of
PKS 2255-282, the thick line is the CDF of 3C446. The distributions of PKS 2255-282 and 3C446 are
similar at the 94.3 percent level.

The double logarithmic graphs of CDFs of PKS 2320-035 and CGRaBS J0211+1051 are plotted in
Figure 4, which shows that the equivalence is at the 94.9 percent level according to the K-S test.

Figure 4. Double logarithmic graphs of CDFs of PKS 2320-035 and CGRaBS J0211+1051. The thin line
is the CDF of PKS 2320-035, the thick line is the CDF of CGRaBS J0211+1051. The distributions of PKS
2320-035 and CGRaBS J0211+1051 are similar at the 94.9 percent level.

Based on the former results, the cumulative probability distribution of most sources is not
Gaussian. So we examine the greatest deviations between the two wings of the distribution as well.
To do this, we consider those measured data which belong to the negative 20% and the positive 20% of
the data set of Xi. CDF(x) could be approximated by a power-law function, respectively,{

CDF(x) ∝ (−x)−αdown x < 0
CDF(x) ∝ 1 − x−αup x > 0

αup denotes the exponent of the distribution function for the positive variability, and αdown denotes
that for the negative. αdown and αup can be obtained by using linear regression in the double logarithmic
graph of the CDF. We show an example in Figure 5. A total of 130 sources are included, so 130 αdown
and αup have been derived. We plot all the αdown and αup in Figure 6.
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Figure 5. The left plot is the double logarithmic graph of the CDF of the negative 20% of the data
set of Xi and the solid line represents the best fitting result for the negative 20% of the data set of Xi.
The right plot is the double logarithmic graph of the CDF of the positive 20% of the data set of Xi, and
the solid line represents the best fitting result for the positive 20% of the data set of Xi.

Figure 6. Plot of αdown versus αup. The solid line indicates the straight line with αdown = αup.

3. Discussion

From the observations, we find that the light curves of the blazars we studied are extremely
variable. The variable mode is usually of a “red noise” nature in the frequency domain. A simple
model of the “red noise” is Brownian or random walk noise, which can be produced by integrating the
white noise. If the light curves of the blazars were produced by a similar process, the daily variability
should be similar to a Gaussian distribution. The K-S was used to test for the Fermi light curve of the
blazar. The test results show that the distribution of the daily variation of gamma-ray emission is not
equivalent to a Gaussian distribution. The variability of gamma-ray emission of some Fermi blazars
should not be considered as being produced only by integrating a finite number of random emission
events. Perhaps it is connected with some internal physical mechanism instead.

When we conduct the K-S test for the daily variability distributions of any pair of sources, the
distributions of some pairs of sources are found to be very similar. Additionally, their distributions
are different from Gaussian distributions. Maybe some similar physical mechanism can produce
these variations.
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Since the distribution of daily variability does not follow a Gaussian distribution, some parameters
of the distribution should be checked. In Figure 6, most of the data points are located on the top of the
line αdown = αup. This means that the distribution of negative variability is slightly flatter than that of
positive variability. This possibility indicates that there are more extreme events in the decay process
than in the ascending process.
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