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Blazar classification




Blazar classification
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Blazar classification
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Blazar variability
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Blazar periodicity

Long-term periodicity could be related to
binary black holes [1]:

* Intensity modulation by Doppler factor.

* Precession, deflection or curvature of the jet
changing the viewing angle.

From Tavani et al., 2018 [2]




Source selection

From the Light Curve Repository' 1525 y-ray sources analyzed: 571 FSRQ, 476 BLL, 371 unkown types of
blazars, 107 other sources.

Six light curves data types: Energy flux (free index), Photon Flux (fixed index), 30d, 7d and 3d sampling.




Time series projection onto a model function (Morlet) [3].

Detects transient periodicities, studies temporal evolution
of data and signal parameters.
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Lomb-Scargle Periodogram (LSP)

Square module of the Discrete Fourier transform. In addition to the changes by Scargle [4] we take into
account some consideration by Vanderplas [5].

Not precision but significance:

The number of points N and the signal-to-noise ratio S/N do not affect the width of the peak but only its
height.
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False Alarm Probability (FAP)

To compare peak height with background and spurious peaks.

Probability that a peak of a certain height Z will be found from a data set consisting of white noise.

** Naive
The cumulative probability of observing a value less than Z with white noiseis P(Z) =1 —e~%.
FAPyaie (2) = 1— (P(@)"
*** Bootstrap

Randomization of the time series, high computational cost. Simulations required: N=10/r.

** Baluev

Extreme value theory for random processes. Upperbound for the FAP.




False Alarm Probability (FAP)

Naive method overestimates the significance, while Baluev method underestimates it.
From the FAP we extrapolate a fictitious number of o.
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Time series and red noise simulations

FAPpaive(UL), red noise simulations

T/To (No), 100000 cycles, Random Periods, Baluev
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Analysis results

Significant periodicities found in 23 blazars: 13 FSRQ and 10 BLL; many data types, > 30,
and Normalized Root Mean Square Deviation NRMSD < 3% ; boundary of 40% UL.

Data types results for the best sources
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Analysis results

s  S50716+4+71, LC photon flux, weekly et S5 1044+71, LC photon flux, daily ;7 B2 1215430, LC photon flux, monthly
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Conclusions

** Significant periodicities in
23 blazars. With a golden
sample of 6 sources.

** The analysis method was
validated through periodic
light curve simulations, and
with red noise simulations
the significance estimation.

** A suitable model has yet
to be found.

Source Name RA J2000 Dec J2000 Type Best Period (yr) No
TXS 00594581 15.701 58.409 FSRQ 4.3 S50
PKS 0208-512 32.695 —51.022 FSRQ 3.9 50

MG1 JO21114+1051 32.809 10.857 BLL 4.1 4o
4C 4+28.07 39.474 28.804 FSRQ 3.8 > bo

PKS 0405-385 61.763 —38.439 FSRQ 2.7 3o
PKS 0426-380 67.173 —37.941 BLL 3.5 > 5o
PKS 0454-234 74.261 —23.414 FSRQ 3.5 > ba
TXS 05064056 77.359 5.701 BLL 3.0 50
TXS 05184211 80.445 21.213 BLL 3.1 50

OG 050 83.172 7.549 FSRQ 3.0 4o

S5 0716471 110.489 71.341 BLL 2.6 > 5o

OJ 014 122.861 1.776 BLL 4.2 50

S4 0814442 124.557 42.382 BLL 2.2 4o

S5 1044471 162.107 71.730 FSRQ 3.0 > ho

S4 1144440 176.74 39.977 FSRQ 3.3 > o

Ton 599 179.884 29.245 FSRQ 3.6 ho

B2 1215430 184.476 30.118 BLL 3.0 > Ha

4C +21.35 186.228 21.381 FSRQ 4.1 50
PKS 15024106 226.103 10.498 FSRQ 2.3 50

B2 1520+31 230.545 31.739 FSRQ 2.9 5%
PG 1553+113 238.932 11.188 BLL 2.2 > ha
PKS 2155-304 329.714 —30.225 BLL 1.7 30
PKS 2326-502 352.320 —49.932 FSRQ 3.1 30
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Models

Instability in accretion flux. The magnetic field make the accretion flux asymmetric.




Models

Strong and turbulent magnetic fields may cause precession, rotation or helical structure of
jets, or periodic changes of the Doppler factors.

Jet precession and rotation due to the presence of rigid and massive body in the accretion
disk.
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Weighted Wavelet Z-transform (WW?Z)

Considering the Morlet as mother function we define the model function for the v (t/s) W (s )
projection: o3 Mortet o -
M il II(-};\L q( 4+ |'I |
0.0 |t o
Y(t) = Z VaF, (1) W 'u'};'u,"v 2l 3 / ‘.\
a -0.3 . ‘ ‘ ., 0 s : .
4 2 0 2 4 2 -1 0 1 2
Sap = (F;|Fp), in order to determine y, coefficients for the best-fit of the mother b. Paul (m=4) 7 |
function on the time series x: Lo (.
0.0 LI f i
_ YU e K
Ya = z Sabl(Fb|x) o3l ol
b 4 -2 0 2 4 2 -1 0 1 2
Statistic weights w; to have a weighted projection: o508 m=2 6T ;
L 'ﬂ|1||1'|
4 1]t
(Flx) = DaWaF (85)x(ts) W=7 o | ||||| I".\
-0. e A
ZB Wg e o i 4 2 o 1
We define WWZ as: o50¢ (m;) 6r ;
4 ﬂ |‘ﬂ|
— 0.0 [ - fl |'|‘
Z, = (Nesr = 3)Vy NI
Z(Vx - I/:y) .—4 2 0 2 4 2 -1 0 1 2

t/'s s/ (27)
Where Negr = (X we)? /X w§ .




Weighted Wavelet Z-transform (WWZ

PKS0426-380 , CWT, Energy 12d
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Lomb-Scargle Periodogram (LSP)

Signal and noise: X; = X(tj) =Xsj+R;, (j=1,..,N).
Classic periodogram: Py(w) = %lDFTX(oo)l2 = %|Z§y=1X(tj)e"i“’tf|2

Not useful in case of noisy data. Spectral Leakage.

Discrete Fourier Transform:

DFTy(w) = /N/2 211 X(tj)(A(w) cos wt; + iB(w) sin wt;)

If Alw) = B(w) = +/2/N we obtaing the classic periodogram. Lomb-Scargle changes:
-1/2 -1/2
A(w) = <Z cos? wtj> ;  B(w) = (Z sin? wtj>
J J
Modified periodogram:

(Zj Xjcos w(tj—r))z (Zj Xjsin w(tj—r))
Z]-Xj cos? w(t;—7) Zij sin? w(t;j—1)

Zj sin 2wt;

Zj COS 2wt ;

Py (w) :%<

2
) with tan 2wt =




Baluev FAP

Two hypothesis: noise H and periodic signal K. FAP comes from the probability distribution of maxima in
periodograms under H hypothesis.

Least-squares periodogram:

2 .2
2(f) :)(H ;(K(f)

With the theory of random processes we estimate the FAP:

FAPggyev (2, fmax) =1- exp(—We_Zﬁ)
W = fraxTess 3 Tepr =VARDt ; Dt =t2 — 2




Time series simulations

Xsim(t) = <

’
g(t) = Asin(twg + ¢o) + h + aoe_<
w(t),

Lupperlimit ,

%) g(@) > w(t)
g(@) <w(t)

With w(t) white noise. Parameters with 0 wary for each simulation, while A and h vary randomly in short range
over the observation time.
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Relativistic beaming effect

Blazar when the viewing angle is 8 < 1/I", Doppler beaming with Lorentz factor I' = 10 - 20.
Kinematic Doppler factor:
o = (y(l — B cos 9))_1
Flux transformation with Doppler factor:
E,(v) = 631%F' i1(v)
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More results

1. PKS 0426-380, LC photon flux, monthly
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More results

..PKS 0405-385, LC energy flux, monthly ., 0] 014, LC photon flux, monthly .. PKS 2155-304, LC energy flux, monthly
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