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Active Galactic Nuclei

* Most luminous persistent
sources in the universe

* Bright compact nucleus in
the center of galaxy

e Variable in time

* Potential emitters of
neutrinos and UHECRs

* Highly energetic physics
laboratories
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Active Galactic Nuclei

Jets (10" -102m ~ 0.1pc to Mpc)

Supermassive Dusty torus
black hole (104 -
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with
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Blazars ¢
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* AGNs with jets in
our direction

Jets (10" -102m ~ 0.1pc to Mpc)

* Strong boosting

Supermassive Dusty torus
along the jet black hole (10'-

(107-10"m) 107 m)
— even higher

with

variability

accretion disc
(101°-10% m)




Blazars  « b(

* AGNs with jets in
our direction

Jets (10" -102m ~ 0.1pc to Mpc)

* Strong boosting

Supermassive Dusty torus
along the jet black hole (10'-
(101°-10%m) 10'7 m)
— even higher
. .. with
VCII’IC]bIII'l')/ accretion disc
(101°-10% m)

* Many open questions:
* What is radiating?

* In which environment?




Multimessenger astronomy
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AGNs, SNRs, GRBs... *

Gamma rays

Neutrinos

air shower




Multiwavelength (MWL) astronomy
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Multiwavelength (MWL) astronomy

INFRARED VISIBLE LIGHT ULTRAVIOLET GAMMA RAYS



MWL light curves

Lea Heckmann

H. Abe et al., accepted by ApJS, arxiv:2210.02547 (2023).
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H. Abe et al., accepted by ApJS, arxiv:2210.02547 (2023).

MWL light curves %
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H. Abe et al., accepted by ApJS, arxiv:2210.02547 (2023).
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MWL light curves

Credit: Wikipedia

Lea Heckmann

H. Abe et al., accepted by ApJS, arxiv:2210.02547 (2023).
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MWL light curves

Credit: Wikipedia
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H. Abe et al., accepted by ApJS, arxiv:2210.02547 (2023).
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Bayesian blocks

* Algorithm that identifies specific time intervals, blocks, in a data set:
* Defines a number of change points defining a block
* Prior distribution for the number or blocks penalizing for more blocks

* Likelihood of the model =
combination of the individual likelihoods of each block + prior

* Maximixation of a fitness function adjusted to the specific data type used (e.g.
binned or unbinned event data, measured sequences with Gaussian errors,...)



Bayesian blocks

* Applied to the 4-year
very-high-energy (VHE)
y-ray LC of Mrk 501
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Bayesian blocks

* Applied to the 4-year
very-high-energy (VHE)
y-ray LC of Mrk 501

— |dentified 2-year long
historically low state
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Fractional variability

* Evaluates variance of the data points with taking into
account measurement uncertainties

SP— L gl >
Fvar = >
< Fy>




Fractional variability

* Evaluates variance of the data points with taking into
account measurement uncertainties

Fo_ SP— L gl >
var — < F,Y >2

* Applied to the 4-years MWL LCs of Mrk 501

* Two peak structure

- highest variability in X-rays and VHE y-rays
produced by highly-energetic particles

* Plateau for the low-state

1.0

0.8

0.6 1

FU’HF

0.4 1

0.2 4

0.0

e 2017-2020

Low state

w

Swift-XRT

(2-10keV) —4

.

Fer

2017-2020 - quasi-simultaneous

Low state - quasi-simultaneous

MAGIC

mi-LAT

o

Metsahovi Swift-XRT (0.3-2keV)

[ ]
OVRO  off swift-UVOT
L Optical

1013 1016 101° 1022

1025 1028

Frequency [Hz]



Discrete Correlation Function

* Correlation measure adjusted to astrophysical data (uneven sampling,...)

1 . — 3)(b; — b
DCF(r) = - UDCF; uDcF; = 2= 3b — b)
Vo2 —e2)(o3 - &)



Discrete Correlation Function

* Correlation measure adjusted to astrophysical data (uneven sampling, ...)

I ¢ o BV B B
VEREIGEE)

* Applied to the 4-years MWL LCs of Mrk 501 b
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Lomb-Scargle-Periodigram

* Evaluate periodicity in data set

* Classical periodigram adjusted to astrophysical data

1 { {ZJ Xjcosw(t; — T)r [ZJ Xjsinw(tj — T)]z } B = XJ. sin 2wt;

Byl = = . ‘
X(w) 2 zjco52w(tj_,r) 3 XJS|n2w(i} —'T) ZJ-COSZth




Lomb-Scargle-Periodigram

* Evaluate periodicity in data set

* Classical periodigram adjusted to astrophysical data

2 2 ;
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Summary & Conclusions

* Blazars are interesting objects to studly,
especially because their jets accelerate
particles to extremely high energies

* Multi-messenger and Multiwavelength
studies are vital to understand these
powerful sources

* Data sets are growing and there are many
statistical methods which are valuable
tools to gain more insights
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