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Abstract
Observations from the Owens Valley Radio Observatory (OVRO) 40-meter tele-
scope have revealed intense flux variations of the BL Lac object CGRaBS J0141-
0928 in the 15 GHz radio band. We analyzed the variability period of CGRaBS
J0141-0928 using the Lomb-Scargle Periodogram (LSP) method, the Weighted
Wavelet Z-transform (WWZ) method, and the Jurkevich method. The results
indicate that this object exhibits a Quasi-Periodic Oscillation (QPO) with a
period of approximately 649 days at a confidence level of 4.4𝜎, which may be
produced by the helical motion of the jet. We fitted two outburst processes
with a double exponential function to derive their variability timescales, and
subsequently estimated its average Doppler factor to be 3.8, suggesting that
CGRaBS J0141-0928 has a significant beaming effect in the radio emission band.
Employing the Discrete Correlation Function (DCF) method, we analyzed the
variability correlations between the radio band and the Gamma-ray and optical
R-band emissions, respectively. We found a strong correlation between optical
and radio variability, with the optical variations leading the radio variations by
66$±$40 days.
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Abstract: Observation data from the Owens Valley Radio Observatory
(OVRO) 40-meter telescope reveal dramatic variability in the 15 GHz radio
band of the BL Lac object CGRaBS J0141-0928. We employ the Lomb-Scargle
Periodogram (LSP) method, Weighted Wavelet Z-transform (WWZ) method,
and Jurkevich method to analyze the variability period of CGRaBS J0141-0928.
The results indicate that this object exhibits a quasi-periodic oscillation (QPO)
of approximately 649 days with a confidence level of 4.4𝜎. This quasi-periodic
oscillation may be generated by helical motion of the jet. We fit two flare
processes using a double exponential function to obtain their variability
timescales, from which we estimate an average Doppler factor of 3.8, suggesting
significant beaming effects in CGRaBS J0141-0928 at radio wavelengths. Using
the Discrete Correlation Function (DCF) method to analyze the correlation
between radio and gamma-ray bands, as well as radio and optical R-band
variability, we find strong correlation between optical and radio variability,
with the optical variations preceding the radio variations by 66 ± 40 days.

Keywords: CGRaBS J0141-0928; LSP method; weighted wavelet Z-transform
method; Jurkevich method; Doppler factor

Classification: P141.5

Blazars are a special subclass of Active Galactic Nuclei (AGNs) with relativistic
jets oriented nearly directly toward Earth. They exhibit extreme observational
properties, including high luminosity, high polarization, rapid variability, and
non-thermal continuum radiation from radio to high-energy gamma rays [1].
The two subclasses of blazars are Flat Spectrum Radio Quasars (FSRQs) and
BL Lac objects [2]. BL Lac objects have spectra with only weak emission lines
or no emission lines at all, but possess strong X-ray and gamma-ray radiation
[3]. Research has shown that long-term variations in some BL Lac objects are
periodic, and different wavebands may exhibit different connections. Through
observations and studies of BL Lac variability, important information about
the physical mechanisms, radiation processes, and internal structural parame-
ters of these objects can be obtained [4], which is of great significance for the
exploration and understanding of active galactic nuclei.

CGRaBS J0141-0928 is a blazar with a redshift of 0.733 [5]. Numerous meth-
ods exist for analyzing the variability periods of BL Lac objects, with the most
commonly used being autocorrelation function analysis, period fitting methods,
power spectrum analysis of time series, and the Jurkevich method. These meth-
ods have been widely applied to long-period variability observations and studies
of BL Lac objects [6]. In this paper, we employ the Lomb-Scargle periodogram
method, weighted wavelet Z-transform method, and Jurkevich method to inves-
tigate the variability period of CGRaBS J0141-0928 in the 15 GHz radio band.
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We fit the flare processes using a double exponential function and estimate the
Doppler factor. The Discrete Correlation Function (DCF) method is used to
analyze the correlation between gamma-ray and radio bands, as well as opti-
cal and radio bands [7]. The LSP method and weighted wavelet Z-transform
method are applied for the first time to study the variability period of CGRaBS
J0141-0928.

1. Sample and Light Curve
The 40-meter telescope at the Owens Valley Radio Observatory (OVRO) is an
ideal facility for global blazar observations (https://sites.astro.caltech.edu/ovroblazars/).
Figure 1 [Figure 1: see original paper] shows the 15 GHz radio band light curve
of the BL Lac object CGRaBS J0141-0928 from OVRO, containing 575 data
points. The light curve reveals that CGRaBS J0141-0928 exhibits very intense
activity in the radio band, with flux density fluctuations over time. In addition
to five major outbursts in 2010, 2013, 2015, 2017, and 2019, several smaller
flares are also visible (peaks in the light curve). We calculate the variability
amplitude Amp [8] to assess the activity level of the object:

Amp = 𝐴max − 𝐴min
𝐴max + 𝐴min

× 100%

where 𝐴max and 𝐴min represent the maximum and minimum flux densities,
respectively. Larger Amp values indicate more active objects. The calculated
radio-band variability amplitude for CGRaBS J0141-0928 is 62.7, demonstrating
that it is a very active object. Due to observational constraints, the light curve
data are not continuous, which limits periodicity analysis.

2.1 Lomb-Scargle Periodogram (LSP) Method

The Lomb-Scargle periodogram (LSP) is a widely used method for identifying
quasi-periodic oscillations (Lomb 1976; Scargle 1982; Press et al. 1992), devel-
oped by Lomb and subsequently improved by Scargle. The LSP method not only
reduces spurious signals caused by uneven temporal sampling to some extent but
also effectively extracts weak periodic signals from time series [9]. Consequently,
the LSP method is well-suited for finding quasi-periodic variability hidden in
noise. The fundamental principle of the LSP method is based on Fourier trans-
form, fitting a time series with a linear combination of trigonometric functions
𝑦 = 𝑎 cos 𝜔𝑡 + 𝑏 sin 𝜔𝑡 through least squares, thereby transforming signal char-
acteristics from the time domain to the frequency domain. The basic formula
is as follows [10-11]:

𝑃𝐿𝑆(𝑓) = 1
2𝜎2

⎧{
⎨{⎩

[∑𝑁
𝑖=1 𝑥𝑖 cos 𝜔(𝑡𝑖 − 𝜏)]

2

∑𝑁
𝑖=1 cos2 𝜔(𝑡𝑖 − 𝜏)

+
[∑𝑁

𝑖=1 𝑥𝑖 sin 𝜔(𝑡𝑖 − 𝜏)]
2

∑𝑁
𝑖=1 sin2 𝜔(𝑡𝑖 − 𝜏)

⎫}
⎬}⎭

chinarxiv.org/items/chinaxiv-202111.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202111.00042


where 𝜏 is the phase correction corresponding to time 𝑡, calculated as:

tan(2𝜔𝜏) = ∑𝑁
𝑖=1 sin 2𝜔𝑡𝑖

∑𝑁
𝑖=1 cos 2𝜔𝑡𝑖

The LSP method provides good results when analyzing periodicities in
sinusoidal-type time series with small data gaps. To verify the correctness of
the quasi-period calculated by the LSP method, we first perform a power-law
fit to the periodogram to obtain the power-law index 𝛽, as shown in Figure
2 [Figure 2: see original paper]. We then calculate the confidence level for
CGRaBS J0141-0928, with results presented in Figure 3 [Figure 3: see original
paper]. In Figure 3, the green line represents the quasi-periodogram, with its
peak indicating the quasi-period result; the blue, red, and purple lines represent
the 95%, 99%, and 99.7% confidence levels from Monte Carlo simulations,
respectively. The green line in Figure 3 shows a prominent peak at 649 days,
with the peak confidence exceeding 99.7%, demonstrating that the result is
reliable. Therefore, we adopt 649 days (approximately 1.78 years) as the
quasi-period of CGRaBS J0141-0928.

2.2 Weighted Wavelet Z-Transform Method

Wavelet analysis is a novel analytical method that combines pure and applied
mathematics. The Morlet wavelet is a single-frequency complex sinusoidal func-
tion under a Gaussian envelope, representing a complex wavelet. Using the
Morlet wavelet as the mother wavelet for transformation, based on the complex
Morlet wavelet [12]:

𝜓(𝑡) = 𝑒𝑖𝜔0𝑡𝑒−𝑡2/2

where 𝜔0 is the decay factor. When 𝜔0 takes larger values, the Morlet wavelet
simplifies to:

𝜓(𝑡) = 𝑒𝑖𝜔𝑡𝑒−𝑡2/2

After scaling by 𝑎 and translation by 𝑏, equation (5) becomes:

𝜓 (𝑡 − 𝑏
𝑎 ) = 𝑒𝑖𝜔𝑚(𝑡−𝑏)𝑒−𝑐𝜔2

𝑚(𝑡−𝑏)2

where 𝑊𝑚 = 𝑊0/𝑎 and 𝑐 = 1/2𝑊0. Based on the vector projection method,
equation (7) can be considered a weighted mapping with 𝜙(𝑡) = 𝑒𝑖𝜔𝑚(𝑡−𝑏) as the
basis function and 𝑤𝛼 = 𝑒−𝑐𝜔2

𝑚(𝑡𝛼−𝑏)2 as the statistical weight factor. Addition-
ally, introducing a constant function 𝐿(𝑡) = 1, we obtain three basis functions
in vector space:
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𝜙1(𝑡) = 𝐿(𝑡)
𝜙2(𝑡) = cos(𝜔𝑚(𝑡 − 𝑏))
𝜙3(𝑡) = sin(𝜔𝑚(𝑡 − 𝑏))

Projecting the data vector 𝑥(𝑡) onto these three basis functions yields:

𝑦𝑎 =
3

∑
𝑖=1

𝑎𝑖𝜙𝑖

where 𝑎𝑖 is calculated as:

𝑎𝑖 = ⟨𝑥, 𝜙𝑖⟩
⟨𝜙𝑖, 𝜙𝑖⟩

Based on the above process, Foster defined the Weighted Wavelet Transform
(WWT) [13]:

WWT =
∑𝛼,𝛽 𝑤𝛼𝑤𝛽𝑥𝛼𝑥𝛽𝜙𝛼𝜙𝛽

∑𝛼,𝛽 𝑤𝛼𝑤𝛽𝜙𝛼𝜙𝛽

Since the wavelet shape changes, the effective number of data points 𝑁eff in the
low-frequency portion exceeds that in the high-frequency portion, causing WWT
values to be biased toward high frequencies and resulting in deviations. There-
fore, Foster defined the Weighted Wavelet Z-transform based on Z-statistics as
[14]:

𝑍 = (𝑁eff − 3)
2

|⟨𝑥, 𝜙⟩|2
⟨𝑥, 𝑥⟩ − |⟨𝑥, 𝜙⟩|2

which follows an F-distribution with degrees of freedom 3 and 2(𝑁eff − 3), and
has an expected value of 1. Using equation (14), we obtain the periodicity
diagram shown in Figure 4 [Figure 4: see original paper]. In the WWZ diagram,
the WWZ value on the frequency axis represents the periodicity of the data
vector, while the WWZ value on the time axis indicates fluctuations of the data
vector over time [15]. The period of the object’s light curve can be determined
from the maximum value in the WWZ diagram. The blue, red, and purple lines
in the figure represent the 95%, 99%, and 99.7% confidence levels, respectively.
From Figure 4, we obtain a radio-band variability period of approximately 636
days for CGRaBS J0141-0928, with confidence exceeding 99.7%.
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2.3 Jurkevich Method

The Jurkevich method [35], proposed by Jurkevich in 1971, is a period algorithm
based on the mean square error of expected values. It folds data according to
test periods and is suitable for analyzing variability periods of objects with
unevenly sampled data. Assuming 𝑁 observed sample data points, where each
measurement is 𝑋𝑖, 𝑋̄ is the mean of all samples, 𝑉 2 is the variance of the
measurement data sample, and 𝑆2 is the standard deviation, the data sample is
divided into 𝑚 groups according to phase near the test period. The statistical
parameter for group 𝑙 is:

𝑉 2
𝑙 = 1

𝑚𝑙 − 1
𝑁𝑙

∑
𝑖=1

(𝑋𝑖 − 𝑋̄𝑙)2

The total variance corresponding to 𝑚 groups is:

𝑉 2
𝑚 =

𝑚
∑
𝑙=1

𝑉 2
𝑙

When the test period approaches the true period, 𝑉 2
𝑚 reaches a minimum value.

Additionally, Kidger et al. [36] provided a method for judging period reliability
based on the Jurkevich method, namely:

𝑓 = 𝑉 2 − 𝑉 2
𝑚

𝑉 2

where 𝑉 2 is the normalized value. Typically, 𝑓 ≥ 0.25 indicates possible peri-
odicity, while 𝑓 ≥ 0.5 indicates a highly significant period.

Applying the Jurkevich method to analyze the radio-band light curve of
CGRaBS J0141-0928 yields the results shown in Figure 5 [Figure 5: see original
paper]. In Figure 5, the area below the green line represents the confidence level
for 𝑓 ≥ 0.25, while the area below the red line represents the confidence level
for 𝑓 ≥ 0.5. When searching for periods, those satisfying two conditions are
generally considered reliable: first, the time span of the analyzed data sample
exceeds six times the period, and second, the resulting curve shows obvious
amplitude. From Figure 5, we can see that corresponding to the minimum
value of 𝑉 2

𝑚, CGRaBS J0141-0928 may have a relatively reliable period of 650
days in the radio band, with an 𝑓 value of 0.37. The 650-day period obtained
by the Jurkevich method is very close to the results from the LSP and WWZ
methods. Period results from minima after 650 days clearly do not satisfy the
above two conditions and are therefore not adopted.
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3. Doppler Factor Analysis
We selected two flare processes containing both rising and falling phases from
the radio light curve, corresponding to MJD ranges 56167.4-56410.7 and 56762.8-
57228.5. We used the double exponential function flare fitting formula [33,34]
to fit these two flare processes:

𝐹(𝑡) = 𝐹𝑐 + 𝐹0 [exp (𝑡0 − 𝑡
𝑡𝑟

) + exp (𝑡 − 𝑡0
𝑡𝑑

)]
−1

where 𝐹𝑐 represents the baseline flux, 𝑡0 is the time corresponding to the peak,
𝑡𝑟 and 𝑡𝑑 are the exponential rise and decay timescales, respectively, and 𝐹0
measures the flare amplitude.

The double exponential function fits to the two flare processes are shown in
Figure 6 [Figure 6: see original paper], with fitting parameters for each flare
process listed in Table 1 . Column 1 gives the Modified Julian Date range;
Column 2 shows the reduced minimum sum of squared residuals from fitting;
Column 3 provides the peak MJD and error; Column 4 gives the baseline flux
and error; Column 5 shows the flare amplitude and error; Columns 6 and 7
list the exponential rise and decay timescales with errors; and Column 8 gives
the Doppler factor for each flare process. Additionally, an extra small peak is
visible in the right panel of Figure 6, likely caused by a flare from a shock in
the relativistic jet [43].

The Doppler factor (𝛿) is related to the bulk flow velocity and viewing angle
of the jet, but both quantities are not directly observable. Therefore, indirect
methods for estimating the Doppler factor are necessary, with radio variability
Doppler factors (𝛿𝑅) being relatively accurate [27-29]. Assuming the variability
is intrinsic, and based on the source size constrained by variability timescales,
the brightness temperature calculation formula for blazars is given in [30]:

𝑇𝑏 = 1.05 × 1012 Δ𝐹𝜆2

𝑡2
ob𝐷2 (1 + 𝑧)

where 𝑇𝑏 is the brightness temperature, Δ𝐹 is the flux variation in Jy, 𝑡ob is
the variability timescale in days, 𝜆 is the observed wavelength in cm, 𝐷 is the
luminosity distance in Mpc (using cosmological parameters 𝐻0 = 72 km s−1

Mpc−1 and Ω𝑚 = 0.3), and 𝑧 is the redshift.

It is generally accepted that the brightness temperature 𝑇𝑏 of jet components in
blazars cannot exceed the equipartition brightness temperature 𝑇eq = 5 × 1010

K [31]. Our calculated brightness temperatures are 𝑇𝑏 = 2.574 × 1012 K and
𝑇𝑏 = 2.923 × 1012 K, exceeding the equipartition temperature by several orders
of magnitude and indicating significant Doppler boosting effects. Following [28],
we select 𝑇eq as the intrinsic brightness temperature and further estimate the
radio-band variability Doppler factor using:
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𝛿𝑅 = ( 𝑇𝑏
𝑇eq

)
1/3

From equation (25), we obtain Doppler factor 𝛿𝑅 values of 3.72 and 3.88, with
an average of approximately 3.8. Fan et al. [32] estimated a gamma-ray Doppler
factor 𝛿 = 5.50 for this object, which is comparable to our radio-band estimate.

4. Correlation Analysis
The Discrete Correlation Function (DCF) method can be used to analyze cor-
relations between two sets of discrete data [16-18]. This method can determine
correlations without any processing of the data samples. The DCF method
was introduced by Edelson for studying time delays and can investigate source
structure and other properties through time delay calculations [19].

The discrete correlation function is defined as follows: for any two discrete data
sequences 𝑎𝑖 and 𝑏𝑗, the unbinned discrete correlation function is:

UDCF𝑖𝑗 = (𝑎𝑖 − ̄𝑎)(𝑏𝑗 − 𝑏̄)
𝜎𝑎𝜎𝑏

where ̄𝑎 and 𝑏̄ are the mean values of data sequences 𝑎𝑖 and 𝑏𝑗, and 𝜎𝑎 and 𝜎𝑏
are the corresponding standard deviations. Each value UDCF𝑖𝑗 is associated
with a time lag 𝜏 = Δ𝜏 = 𝑡𝑗 − 𝑡𝑖. For noisy data, we can use:

𝜎2
𝑎 = 1

𝑁 − 1 ∑(𝑎𝑖 − ̄𝑎)2

instead of 𝜎𝑎 and 𝜎𝑏 in the above equation. For a given 𝜏 , if there are 𝑀 UDCF𝑖𝑗
values satisfying 𝜏 − Δ𝜏/2 ≤ Δ𝑡𝑖𝑗 < 𝜏 + Δ𝜏/2, we average these 𝑀 data points
to obtain:

DCF(𝜏) = 1
𝑀 ∑ UDCF𝑖𝑗

DCF(𝜏) is the discrete correlation function. The time lag domain is divided into
bins, each with interval Δ𝜏 , yielding a useful DCF(𝜏). If no data points fall
within a certain interval, DCF(𝜏) takes no value. When the two correlated se-
quences are different, we obtain the discrete cross-correlation coefficient. When
they are identical, we obtain the discrete autocorrelation coefficient. In DCF
analysis plots, larger DCF peaks indicate stronger correlations, while smaller
peaks indicate weaker correlations. When the DCF peak is on the positive side,
it means data 𝑎 leads data 𝑏; when on the negative side, it means data 𝑎 lags
data 𝑏.
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We analyze the correlation between the radio band and gamma-ray
data from the Fermi Gamma-ray Space Telescope, as well as opti-
cal R-band data from the KAIT Fermi AGN Light-Curve Reservoir
(http://herculesii.astro.berkeley.edu/kait/agn/), using the DCF method.
Fortran programs were used to calculate the results shown in Figures 7 [Figure
7: see original paper] and 8 [Figure 8: see original paper]. The top panels show
flux light curves for radio vs. gamma-ray/optical R bands, while the bottom
panels show correlation results (DCF values) between gamma-ray/optical R
bands and the radio band. Peaks closer to 1 indicate better correlation. From
Figure 7, we see the maximum DCF value between gamma-ray and radio bands
is 0.3, indicating very weak correlation, suggesting different emission regions
and radiation processes. Figure 8 shows the maximum DCF between optical
and radio bands reaches 0.71, with the optical band leading the radio band by
16-110 days, indicating consistent radiation processes.

5. Discussion and Conclusions
By collecting variability data for the BL Lac object CGRaBS J0141-0928 and
analyzing the period of its radio-band light curve using the Lomb-Scargle peri-
odogram method, weighted wavelet Z-transform method, and Jurkevich method,
we obtain mutually consistent results. The LSP method yields a period of ap-
proximately 649 days, the WWZ method gives approximately 636 days, and the
Jurkevich method gives approximately 650 days. The results from the WWZ
and Jurkevich methods further support the existence of a reliable ~649-day vari-
ability period in the radio band of CGRaBS J0141-0928. Using the double
exponential function, we fit two flare processes and estimate a Doppler factor
𝛿𝑅 = 3.8. The results indicate significant beaming effects in the radio emission
from CGRaBS J0141-0928, supporting the relativistic jet model. DCF analysis
of radio vs. gamma-ray and radio vs. optical R-band correlations shows weak
correlation between gamma-ray and radio bands, but strong correlation between
optical R-band and radio bands, with the optical R-band leading the radio band
by 16-110 days. The physical models for long-term variability in blazars remain
unclear, with common models including binary black hole models [20-21], helical
jet models [22-25], and thermal instabilities in thin disks.

The quasi-periodicity observed in CGRaBS J0141-0928 may be produced by
helical jet motion [37]. Jet helical precession is driven by the orbital motion
of a supermassive black hole binary (SMBHB) system. Rieger provided the
relationship between the actual physical driving period 𝑃𝑑 and the observed
quasi-period 𝑃 as:

𝑃𝑑 ≈ 𝑃
(1 + 𝑧)𝛾2

𝑏

where 𝛾𝑏 is the bulk Lorentz factor, approximately 7.5 [38], and 𝑧 is the redshift.
Using the 649-day quasi-period, we obtain a physical driving period 𝑃𝑑 ≈ 57.71
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years. Alternatively, using 𝛾𝑏 = 15 [39], we obtain 𝑃𝑑 ≈ 230.85 years. When
the mass ratio between the primary and secondary black holes is 𝑅 ≤ 1/3, it
is called a “major merger”; if 3 ≤ 𝑅 ≤ 104, it is called a “minor merger”
[40]. Regardless of the mass ratio, the mass of the primary black hole can be
estimated using [41]:

𝑀 ≈ 108 ( 𝑃𝑑
1 yr)

5/3
𝑀⊙

where 𝑃𝑑 is in years. For an SMBHB system undergoing a major merger, the
mass ratio can be assumed as 𝑅 = 3/2. Substituting parameters into equation
(29) yields a primary black hole mass of 𝑀 ≈ 108.93𝑀⊙ for CGRaBS J0141-
0928. Using 𝛾𝑏 = 15 [42] for a minor merger SMBHB system gives a primary
black hole mass of 𝑀 ≈ 109.89𝑀⊙. Wu et al. [26] reported a black hole mass
of 𝑀 ≈ 109.63±0.70𝑀⊙ for CGRaBS J0141-0928, consistent with our estimated
primary black hole mass.

References
[1] Angel J R P, Stockman H S. Optical and Infrared Polarization of Active
Extragalactic Objects[J]. Annual Review of Astronomy & Astrophysics, 1980,
18.
[2] Urry C Megan, Padovani Paolo. Unified Schemes for Radio-Loud Active
Galactic Nuclei [J]. Publications of the Astronomical Society of the Pacific, 1995,
107 (715): 803-845.
[3] Zhang Xiong, Yang Weiguo, Hou Dedong, et al. The variations characteris-
tics and black hole mass of H0323+022 objects research [D]. , 2005.
[4] Xie G Z, Bai J M, Zhang X, et al. The massive black hole in the center of the
active galaxy MRK 421 [J]. Astronomy and Astrophysics, 1998, 334: L29-L31.
[5] Pursimo T, Nilsson K, Takalo L O, et al. Deep optical imaging of radio
selected BL Lacertae objects [J]. Astronomy & Astrophysics, 2002, 381(3): 810-
824.
[6] Zhang Haojing, Zhang Xiong, Dong Futong, et al. Using a wavelet analysis
method to calculate the variations period of BL Lac object S50716+714. As-
tronomy, 2009, 50 (2): 141-151.
[7] Edelson R A, Krolik J H. The discrete correlation function-A new method
for analyzing unevenly sampled variability data[J]. The Astrophysical Journal,
1988, 333: 646-659.
[8] Heidt J, Wagner S J. Intraday variability in x-ray selected BL Lacertae ob-
jects. Astronomy & Astrophysics, 1997.
[9] Seperuelo Duarte E, Alencar S H P, Batalha C, et al. Spectrophotometric
analysis of the T Tauri star GQ Lupi A[J]. Astronomy and Astrophysics, 2008,
489(1):349-357.
[10] Rejkuba M, Minniti D, Silva D R. Long period variables in NGC 5128 - I.
Catalogue[J]. Astronomy and Astrophysics, 2003, 406(1).

chinarxiv.org/items/chinaxiv-202111.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202111.00042


[11] Yang X, Yi T F, et al. The 𝛾-Ray and Optical Variability Analysis of the BL
Lac Object 3FGL J0449.4−4350[J]. Publications of the Astronomical Society of
the Pacific, 2020, 132(1010): 044101.
[12] 徐斌, 杨涛, 谭保华, 等. 基于 Lomb-Scargle 算法的周期信号探测的模拟研究 [J]. 核电子
学与探测技术, 2011(06):111-114.
[13] FOSTER G. Wavelets for period analysis of unevenly sampled time series[J].
AJ, 1996, (112): 1709-1729.
[14] FOSTER G. Time Series Analysis by Projection. I. Statistical Properties
of Fourier Analysis[J]. AJ, 1996, (111):541-
[15] Xu Yunbing, Zhang Rongjing, Zhang Xiong. The variations period of BL
Lac object is analyzed with weighted wavelet transformation [J]. Journal of Yun-
nan Normal University: Natural Science, 2013, 33 (5): 9-17.
[16] Gao Wei, Yang Jinxue, Li Waizhen. BL Lac object PKS 2155-304 variations
Properties Analysis [J]. Journal of Yunnan Normal University: Natural Science
Edition, 2015, 35 (1): 1-4.
[17] Edelson R A, Krolik J H. The discrete correlation function - A new method
for analyzing unevenly sampled variability data [J]. Astrophysical Journal, 1988,
333(134):646-659.
[18] Hufnagel B R, Bregman J N. Optical and radio variability in blazars [J].
Astrophysical Journal, 1992, 386(2):473-484.
[19] Elvis M, Wilkes B J, McDowell J C, et al. Atlas of quasar energy distribu-
tions[J]. APJ. 1994, 95.
[20] Valtaoja E, Teräsranta H, Tornikoski M, et al. Radio Monitoring of OJ 287
and Binary Black Hole Models for Periodic Outbursts [J]. Astrophysical Journal,
2008, 531(2):744.
[21] Xie G Z, Liang E W, Zhou S B, et al. Photometry of three gamma-ray-loud
quasars and implications for supermassive black holes[J]. Monthly Notices of
the Royal Astronomical Society, 2010, 334(2):459-470.
[22] Rani B, Wiita P J, Gupta A C. NEARLY PERIODIC FLUCTUATIONS
IN THE LONG-TERM X-RAY LIGHT CURVES OF THE BLAZARS AO
0235+164 AND 1ES 2321+419[J]. Astrophysical Journal, 2009, 696(2):2170-
2178.
[23] Lainela M, Takalo L O, Sillanpää A, et al. The 65 Day Period in 3C 66A
during Bright State[J]. Astrophysical Journal, 1999, 521(521):561.
[24] Villata M, Raiteri C M. Helical jets in blazars. I. The case of MKN 501[J].
Astronomy & Astrophysics, 1999, 347(1):30-36.
[25] Li H Z, Xie G Z, Chen L E, et al. The Periodicity Analysis of the Light
Curve of 3C 279 and Implications for the Precession Jet[J]. Publications of the
Astronomical Society of the Pacific, 2009, 121(885):1172-1179.
[26] Wu Z Z, Gu M F, Jiang D R. The debeamed luminosity, sychrotron peak
frequency and black hole mass of BL Lac objects[J]. Research in Astronomy and
Astrophysics, 2009, 9(2): 168.
[27] Valtaoja, E., Lähteenmäki A., Teräsranta H., et al. Total Flux Density
Variations in Extragalactic Radio Sources. I. Decomposition of Variations into
Exponential Flares[J]. ApJS, 1999, 120, 95.
[28] Lähteenmäki A., Valtaoja E., Wiik K., et al. Total Flux Density Variations

chinarxiv.org/items/chinaxiv-202111.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202111.00042


in Extragalactic Radio Sources. II. Determining the Limiting Brightness Tem-
perature for Synchrotron Sources[J]. ApJ, 1999, 511, 112.
[29] Liodakis I., Marchili N., Angelakis E., et al. F-GAMMA: variability Doppler
factors of blazars from multiwavelength monitoring[J]. MNRAS, 2017, 466, 4625.
[30] Wagner S.J., Witzel A. Intraday Variability In Quasars and BL Lac Ob-
jects[J]. ARA&A, 1995, 33, 163.
[31] Readhead, Anthony C. S. Equipartition brightness temperature and the
inverse Compton catastrophe[J]. ApJ, 1994, 426, 51.
[32] Fan J H, Yang J H, Liu Y, et al. The gamma-ray Doppler factor determi-
nations for a Fermi blazar sample[J]. Research in Astronomy and Astrophysics,
2013, 13(3): 25.
[33] Wagner S.J, A Witzel. Intraday variability in the BL Lac object 0954 +
658[J]. astronomy & astrophysics, 1993, 271(1):344.
[34] Ackermann M, Ajello M, Baldini L, et al. FERMI GAMMA-RAY SPACE
TELESCOPE OBSERVATIONS OF GAMMA-RAY OUTBURSTS FROM 3C
454.3 IN 2009 DECEMBER AND 2010 APRIL[J]. The Astrophysical Journal,
2010, 721(2):1383-1396.
[35] Jurkevich I. A method of computing periods of cyclic phenomena [J]. As-
trophysics and Space Science, 1971, 13(1):154-167.
[36] Kidger, M.R., Takalo, L., & Sillanp, A. A new analysis of the 11-year period
in OJ287: confirmation of its existence [J]. Astronomy and Astrophysics, 1992,
264:32-361.
[37] Nemmen R S, Georganopoulos M, Guiriec S, et al. A Universal Scaling for
the Energetics of Relativistic Jets from Black Hole Systems[J]. Science, 2012,
338(6113):1445-1448.
[38] Henri, G., & Sauge, L. The bulk Lorentz factor crisis of TeV blazars: evi-
dence for an inhomogeneous pileup energy distribution?[J]. The Astrophysical
Journal, 2006, 640(1):185.
[39] Guinevere K, Martin H. A unified model for the evolution of galaxies
and quasars[J]. Monthly Notices of the Royal Astronomical Society. 2000,
311(3):576-588.
[40] Begelman M C, Blandford R D, Rees M J. Massive black hole binaries in
active galactic nuclei[J]. Nature, 1980, 287(5780):307-
[41] William, H, Lee, et al. Resonance in Forced Oscillations of an Accretion
Disk and Kilohertz Quasi-periodic Oscillations[J]. Astrophysical Journal Let-
ters, 2004. 603:L93–L96.
[42] Kauffmann, G., & Haelnelt, M. A unified model for the evolution of galaxies
and quasars [J]. 2000, MNRAS, 311, 576.
[43] Marscher A P, Gear W K. Models for high-frequency radio outbursts in
extragalactic sources, with application to the early 1983 millimeter-to-infrared
flare of 3C 273[J]. Astrophysical Journal, 1985, 298:114-127.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202111.00042 Machine Translation

https://chinarxiv.org/items/chinaxiv-202111.00042

	Postprint: Analysis of Photometric Variability Characteristics of the BL Lac Object CGRaBS J0141-092
	Abstract
	Full Text
	Analysis of the Optical Variability Characteristics of the BL Lac Object CGRaBS J0141-0928
	1. Sample and Light Curve
	2.1 Lomb-Scargle Periodogram (LSP) Method
	2.2 Weighted Wavelet Z-Transform Method
	2.3 Jurkevich Method

	3. Doppler Factor Analysis
	4. Correlation Analysis
	5. Discussion and Conclusions
	References


