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~What are blazars ?
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" Blazars are ...

e ~-The Actlve Galactlc Nuclel (AGNS) WhICh thelrjet dlrect at the i
observer S line- of-sight i -

s Multi- frequency emltters of electromagnetlc radlatlon (from
- radio to gamma ray -

TR nghly varlable in brlghtness |
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AGN unifiCation scheme (Béckmahn & Shrader 2012).
Blazars are classified |nto 2 classes based

on em|SS|on I|nes

> BL Lacs have narrow emission lines (EW <
5 Angstrom) or no emission lines

radio-loud (RL) AGN

. FSRQs have W|der emission line ( EW>5
Angstrom)

radio-quiet (RQ) AGN

Nojet a<05  a>0.5 Powerful jet Geometry of accretlon disk and how |t |mpI|cates
T \ESRQ - blazar classification '
opiclly FRIT: '/ (Maraschl et al. 2012)

thick disc o ) | | .
e 4
\_ /

FR\ I BL Lac

*. BL Lacs have optlcally th|n
. geometrically thick hot flow disk

* FSRQs have optically thick
geomethcally thin disk ;

Optically thin
hot flow
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diation Mechanisms .

Non-thermal *
¢ _S_ynchrotron radia‘tic_‘)'n -
Inverse ‘Cdmbton scattering
Synchrotron _self-co_mptd_ﬁ

‘External com pton

"Thermal -
. Black body radiation

Erﬁiss'ior_]'fro‘m infaliin-g part'icles‘ ,' £

- . http://www.daviddarling.info/encyclopedia/E/event_horizon.html
8 ; e T ahs G it s ' Credit & ©: Astronomy / Roen Kelly - )
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Radiation Mechanisms
" *Non- 'i'hermal _ _
Synchrotron electron accelerated |n
“'magnetic field

. From rad|o to x-ray (<10M1 ~10"18)

Inverse Compton Scatterlng photons are P
energized by high energy.particles . . P Inverse.

'_Synchrotron-self-cqmpton (SSC)7-'- TH_e' ;

- seed photons are from synchrotron radiati Vil g

» External compton (EC) — The seed

- photons are from outside the jet, i.e. broad-
line region, inter steIIar medium etC

* From x-ray to gammaray (1 0’\18 >)
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Radiation Mechanisms
G Thermal |

Short wavelength

- Black body fadiation — the effectlv
temperature depended on mass’
transfer rate, ma‘ss of the black hole
and the Schwarszchild radlus
" (Mineshige, Yoneharaand - .
Kawaguchi 1999) -~ -

- Advective dominated accretion flow
— radiation power affected by the
advection in the disk: Also: de‘pends y
~on the: geometry of the disk |
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Identlfylng blazars from spectral energy
dlstrlbutlon (SED) |

Simultaneous or quasi-
- S|multaneous multi-
: wavelength spectra of PKS
1 Aal ) 1510-089 at different epochs
Gt in the rest frame |

@ -':nu-rrm | . @ ,:m,, wio i ~ The shape of SED cha"riges -
m quer ime, suggestlng the
\ Inverse compton +

—

Accretion disk +-" P Castignani et al. 2017, Figure 7

Synchrotron XL N ABA 601, A30 (2017)
16 20 B

tog v (1] _ ‘ © 'DOI: 10.1051/0004-6361/201629775
624122 _ e gpegon ' ‘
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* Variation of SED

SDSS J003007.88-000007.3

o MJD=52225.18286
MJD=53270.29321

[
~ MJD=53298.31471
" MJD=54007.35176

" MJD=54358.29262

' SPC 2022

The change of SED from early (the top
most dotted line) to late_(the bottom

- most dotted line) observation. Optical
flux decreases across the whole

~ spectrum. The flux of higher frequencies

- decrease faster than the lower
frequency, suggesting that the object
become more “red” as the overall flux
decreases. :

Figure 5: Example of the spectral energy
dlstrlbutlon (SED) varlablllty of SDSS

J003007. 88 000007 3 with a selectlon of
different continuum spectra. The dotted
lines are the best fits to ugriz photometrlc

- data. (Mao & Zhang AR



2017 )Figure 6 https://doi.org/10.3847/1538-4357/aa9123
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Possible intra-day variability of Mrk.501 (Feng et al.

- SPC 2022

-I-ntra-day magn’itude. fluctuation

considered to be the result of shock in

- the jet. The model is based on the
. relativistic shock propagatlng down the
~ jet and interacting with the nonuniform

portion in the jet flow ( Feng et al. 2017 )

The internal shock of plasm in the -

- process of synchrotron and
- Inverse-compton radiation can also

‘be the caused of the shock (Pian
et al. 2007) .
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"~ Questions and Motivation

LGS SPCD022
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Questlons and motlvatlons

i Blazars can be |dent|f|ed and classified through careful
observatlon In multlple-frequency Is it possible to do
the same task W|th less mformatlon’? |

. s it pOSSIble to use the data from aII -sky surveys to .
perform data cIasS|f|cat|on ? . o

~« What lnformatlon can we derlved from the surveyed
data’P ‘ " R | |
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- Aimof the research
-+ To derlved statlstlcal mformatlon from survey
 data - g | ’

:  To mvestlgate the use of machlne Iearnlng to "
C|aSSIfy blazars BL Lacs and FSRQS using the
- mformatlon extracted from the survey data

- GRAZZ e o R T e vk A s .- 13



Blazar sample

- Roma-BZCAT 5t edition
~ updated in 2015 '
"3561 sources
multi-frequency catalog
Sclasses: - LA SR ek

i FSRQs

BL Lac

BL Lac-galaxy dominated : P Figuré 8 : Aitoff projection of blazars in Roma-
_ - BZCAT 5" edition (Massaro etal 2015) '

Blazar Uncertain type : - . arXiv:1502.07755v1

BL Lac Candidate
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ZWICky TranS|ent FaC|I|ty (ZTF)

tranSIent focused optlcal tlme domain survey

qg;r i band |
‘3-n|ght cadence.
2019-2020 survey

" Bellmetal 2019 . - .
https://iopscience.i |op org/artlcle/10 1088/1538 3873/ %) :
aaecbe e st e T Flgure9 ZTF coverage
_ B ; . o : 5 map
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= Owehs'-VaIIey'R-adio ébSérva;tory'(OVRO)
| ‘.blazar monltorlng proram smce 2008 2020
 40-m smgle -dish radio. telescope '
- 15 GHz follow-up of Fermi-LAT
: 'mo.nltp.r$_1,847 bIa_zars_ ‘

Richards et al. 2011 arXiv:1011:3111 -




3 Gravitatio_h-_WaveOpticel. Transiehi_ Q._bserve'r (GOTO)

~+ Optical telescope ge'ar'edto:w'ard. "
. 't'ransient'ebIServeti‘o'n' |
g Prrorltrze srgnals trlggered .
e 'by grawtatronal wave detectors
| ;_ AII-sky surveys repeatlng every 6 nights

e, Data used in this prOJect IS reduced usrng
* LSST stack data reduction pipeline -

* Calibrated to PanSTAR-1 L band
* (Mullaney et al. 2020 arere 2010 15142v1)

- GRAR e S pen02s
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£ Se‘lectiOnfCriteri‘a-

nght Curves must have more than 10 data | |

pomts

Cc‘)ver‘mo,re_thanq.}'?O % of blazar sampl'es_ ",

- 6/24/22 - RS W spCn2s
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' ZTF Data availability (N > 10).

. g_band r_band i_band L _band 15 GHz
2499 2616 1087 1123 730
179.87 237.76 36.92 27.28 565
171.86 206.79 25.13 14.63 93
10 10 10 10 356
57 73 16 16 501
184 31 23 557
340.25 52 35 625
1573 112
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N Brlghtness _'
) Bnghtness Varlablllty
(Varlablllty Amplltude)

- Fractional Variability

- GRAR e SR spaow

A’tt'ribUté_s_'

'[._ A max —

A min .} _

; 3
204
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Variability amplitude in g

Variability amplitude in r

3
Amplitude

Fractional variability amplitude in g

BL Lac
FSRQs

Amplitude

Fractional variability amplitude in r

0.02 0.04 006 008 010 012 0.14
Amplitude

BL Lac
FSRQs

0.02 0.04 0.06 0.08 0.10
Amplitude
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Distribution of Fyar,g — Fvar,r in g and r bands

-0.01 0.00

F&ang”_ Fvanr

Wi SPCR022 %5

BL Lac
FSRQs
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\lll"'TTI

Dlscrete Correlatlon Functlon

||IT"TII|I

Time lag (ks)

WAGES SPCD(D

‘ A |
- -softlag of ~-0.40 ks is -

' Figure 7: DCF of blazar ON

231. Left: DCF between

different X-ray energy bands.

detected between the 0.3-

-~ 0.5keV and 4-10 keV bands
. (red '

curve). Right: DCF

3 representation between UV

and 0.3 - 0.5 keV X- ray

._.bands where

a soft lag around -1.25 ks is

' - observed (Kalitaet al. 2019)
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DCF g vs r 5BZBJ0006-0623 class BL Lac

71‘00 ‘ 0 0 ) 71‘00 1(‘)0
Time lag (au) Time lag (au)
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Machine Learning.

e Seleotlng data W|th more than 70 % ava|Iab|I|ty

2. Padding mlssmg data W|th the mean of eaoh features o

3. Soale the vaIue of. each features to the maX|mum and

m|n|mum value .
4. Do pnncrple component anaIyS|s (PCA)

i 5 Tra|n|ng and testlng machlne Iearn|ng aIgorlthm |

- 6/24/22 - RS W spCn2s
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Feature- 'eXt'raction |

. Features can be extract from any form of trme series
| analysrs 'such as, varlablllty amplltudes DCF values and
trme Iags color, etc. | : -

-« It can-also be the parameters acqurred by frttrng

E mathematrcal models to data |
= Linear regressron srnusordal frttrng for Irght curve
i Gaussarn fitting, Z score value for DCF -
S eetcae | :

- GIRA2Z EW o spopoath G g . 27



" PCA
- * Reducing dimension 'of‘l’arge- data sets into
- smaller one by Contalnlng most of the mformatlon

.« Testing the reduction‘to N features, find the N
| where. PCA explained variance ratlo where the
G mformatlon IS retamed more than 80 % .

gl thl_s .th_resholdth_e ,m.._lnlm.um n.umber |s_ 14

- GRAZZ e o R T e vk A T . 28R



Number of features vs. PCA explained variance ratio
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Testlng Wlth

Réndom Forest Classmer

WAL SPC2022
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"

ROC of Random Forest classifier, N=13

o
o
|

True Positive Rate
I
ey
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ROC curve (area = 0.60) FSRQs ROC curve (area = 0.62) FSRQs

ROC curve (area = 0.60) BL Lac - ROC curve (area = 0.60) BL Lac

ROC curve (area = 0.71) BL Lac-galaxy dominated . ROC curve (area = 0.76) BL Lac-galaxy dominated
RQOC curve (area = 0.48) Blazar Uncertain type ROC curve (area = 0.56) Blazar Uncertain type
ROC curve (area = 0.43) BL Lac Candidate —— ROC curve (area = 0.46) BL Lac Candidate

0.4 .. 06 0.8 : o . 0.4 0.6 0.8
False Positive Rate : False Positive Rate

‘The number of features slightly affect the classification result.
The area under the curve (AUC): the closerto 1 the better -

6/24/22 < e e gpE9)




' ‘Summary

o For the prlmary analysrs we use the data with 70%
completeness (0] av0|d faIse |nformat|on through

data paddrng

« The features used |n the test produce medlocre f '
| results i | |

+ The cIassrflcatlon of galaxy domlnated BL Lacs. out-
perform the classn‘lcatron of FSRQs and BL Lacs

- GRAZZ e o R T e vk A e . 3R



~What next

o Expenment on addlng data with less than 70 %
~availability ( expand frequency ranges but |
- smaller Sample ). |

Expenment on feature extractlon (DW model
I\/IA model, Encoder Decoder method)

-_ G Add data from Ferml LAT

- 624122 _ EW e spCRQRRthl g g L 338
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