ACTPODODMUMI3INUKA

TOM 67 OEBPAJIb, 2024 BbITTYCK 1

DOI: 10.54503/0571-7132-2024.67.1-5

CLASSIFICATION OF FLAT SPECTRUM RADIO
QUASARS BY OPTICAL ACTIVITY TYPES

A.M.MICKAELIAN, HV.ABRAHAMYAN, G.M.PARONYAN,

G.AMIKAYELYAN, A.G.SUKIASYAN, VK.MKRTCHYAN
Received 4 January 2024

We have carried out a spectral classification by the activity types for a subsample of blazars
from the BZCAT v.5 Catalogue, namely the Flat Spectrum Radio Quasars (FSRQ) candidates,
designated in the catalogue as BZQ subtype objects. The classification is based on the Sloan Digital
Sky Survey (SDSS) homogeneous medium-resolution optical spectroscopy and along with the
standard BPT-type diagnostic diagrams, we have applied our newly introduced fine classification
scheme with subtypes of quasars and considering many more features. Out of 1909 BZQ objects,
618 having SDSS spectra were classified, resulting in 445 broad-line QSOs, 19 narrow-line QSOs,
138 broad-line Seyferts, 8 narrow-line Seyferts, and 2 Emission-line galaxies without a proper
classification. We have calculated the absolute magnitudes and luminosities for all objects to
distinguish QSOs from Seyferts, as defined by the Catalogue of QSOs and Active Galaxies, -22".25
separation limit. This way 148 objects changed their BZCAT subtypes between BZQ to BZG, and
also 6 BZQ objects to BZU.
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1. Introduction. Among the Active Galactic Nuclei (AGN), the most
interesting are blazars with combination of two subtypes: a) BL Lac (BLL) objects
and b) special types of quasars (QSO): Optically Violent Variable (OVV) and
Highly Polarized Quasars (HPQ). A blazar is characterized as a very compact
quasar, associated with a presumed Super Massive Black Hole (SMBH) at the
center of an active giant elliptical galaxy. Blazars are the most energetic objects
in the Universe [1]. The object BL Lac was originally discovered by Hoffmeister
[2] as a variable star, and later it was identified by Schmitt [3] as an extragalactic
source, and BL Lac type objects were assigned as one of the AGN types. They
are characterized by significant optical variability, optical continuous spectrum
without or with very weak absorption or emission lines, and they have radio
emission. Their radio emission is typically also variable and polarized.

Massaro et al. [1] presented the blazar catalogue BZCAT v.5, where the objects
are divided into 4 types: BZB (Lacertids, BL Lac or BLL), BZQ (Quasars, namely
Flat Spectrum Radio Quasars, FSRQ), BZG (Galaxies), and BZU (Undetermined
class). Table 1 shows the distribution of the types of blazars from the BZCAT
catalogue.
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Table 1

DISTRIBUTION OF THE TYPES OF BLAZARS FROM
BZCAT CATALOGUE

N Type Number %

1 BZB BL Lac 1151 323

2 BZG Galaxies 274 7.7

3 BZQ Quasars 1909 53.6

4 BZU Unclassified 227 64
All 3561 100.0

In our earlier papers we studied and classified BZU and BZG objects [4,5].
This paper is devoted to detailed spectral classification of type BZQ blazars from
the BZCAT catalogue, the most numerous group. We aim at classifying all objects
by activity types, as well as rearranging BZCAT types to have more homogeneous
grouping.

2. Studied data. For our investigation, we have selected BZQ objects from
BZCAT catalogue. We have picked out 1909 QSO candidates from Table 1, which
make up our investigation data. 618 out of the 1909 BZQ objects have optical
spectra in the SDSS [6]. For these objects we have carried out a detailed
classification using the SDSS spectra.

Using the data from various catalogues and data bases VCV-13 [7], NASA/IPAC
Extragalactic Database (NED) and SDSS [6], we have clarified the optical classi-
fication of these objects prior to our classification. We list these data in Table 2.

As it can be seen from Table 2, some objects do not have detailed optical
classification, e.g., some were classified as galaxies because in optical images they
have an extended shape. The table presents optical classification for all BZQ objects
from SDSS, VCV-13 catalogues and NED database.

The measurements of the SDSS spectra are very often based on lines at the
noise level and of low quality. As a result, automatic measurements lead to some
misclassification. Thus, it is necessary to carefully check the spectra at all
wavelengths and to decide which measurements should be used for further study.
The lines which are used in the diagnostic diagrams are especially important ( Hj3,
[OI11] 5007 A , [OI] 6300A , Ha, [NII] 6583 A, and [SII] 6716+6731A) [8].

3. Optical classification for activity types. Mickaelian et al. [9] have
introduced a new optical classification scheme (https://www.bao.am/activities/
projects/21AG-1C053/mickaelian/). In this paper we have carried out optical
classification using this method. To guarantee the best accuracy and consider all
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Table 2

DISTRIBUTION OF TYPES OF OPTICALLY CLASSIFIED BZQ
OBJECTS FROM BZCAT CATALOGUE

Classes/Subclasses SDSS images | VCV-13 | NED

S1/S1.0 - 25 10
S1.2 - 6 3
S1.5 - 6 2
S2 - 2 -
Sin - 5 1
S? - 1 -
BL - 5 3
QSO - 499 102
HP QSO - -

BAL QSO - - 10
HP (High Optical Polarization) - 17 -
AGN - 23 2
Galaxy 27 - 5
Star 591 - -
Flat-Spectrum Radio Source (FSRS) - - 459
Gigahertz-Peaked Sources (GPS) - - 3
Total 618 589 601

possible details, we classify the objects in several ways and then consider all
obtained types and subtypes:

- By the 1st diagnostic diagram (DD1) using line intensity ratios [OIII]/HB
vs. [OI]/Ha.

- By the 2nd diagnostic diagram (DD?2) using line intensity ratios [OHI]/HB
vs. [NII}/Ha .

- By the 3rd diagnostic diagram (DD?3) using line intensity ratios [OIII]/HB
vs. [SII]/Ha .

- By comparison and using the 1Ist, 2nd and 3rd diagnostic diagrams
simultaneously.

- By eye (considering all features and effects). Very often, the diagnostic
diagrams do not give full understanding for all objects and only eye can reveal
some details.

For these objects in the spectra, the lines Ha and HB were mainly absent
(due to redshifts), so we made a classification only by the visual method.
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Table 3

CLASSIFICATION OF BZQ OBJECTS USING THE SDSS SPECTRA

Classification Number %
QSO 348 56.31
QSO01.0 28 4.53
QSO01.2 41 6.63
QSO01.5 26 4.21
QSO01.8 1 0.16
QSO01.9 1 0.16
NLQI1.0 3 0.49
NLQI1.2 10 1.62
NLQI.5 6 0.97
S 86 13.92
S1.0 10 1.62
S1.2 12 1.94
S1.5 20 3.24
S1.8 7 1.13
S1.9 2 0.32
S2.0 1 0.16
NLS 1 0.16
NLSI1.0 1 0.16
NLS1.2 2 0.32
NLS1.5 4 0.65
Em 2 0.32
Star 1 0.16
Unknown 5 0.81
Total 618 100.00

In Table 3 and in Fig.1 we show our spectral classification for 618 BZQ objects
using the SDSS spectra. It is clear from Table 3 and Fig.2 that these objects are
mostly classical QSOs (about 56.31%) and other QSO subtypes (almost 17.8%).

After our new classification, 327 (52.91%) of 618 have not changed their
optical class, and 291 (47.09%) of these objects have changed their optical class.

Table 4 shows our detailed classification of the 10 BZQ objects using the SDSS

spectra (the full list will be available in electronic form in VizieR).
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Fig.1. The new classification of the BZQ objects using the SDSS spectra.

Table 4

LIST OF THE 10 BZQ OBJECTS CLASSIFIED USING THE SDSS
SPECTRA (the full list will be available in VizieR)

BZCAT name Old class New class M L
BZCAT | SDSS | VCV-| NED | Activity |BZCAT| SDSS [x10" L,
13 type class r

SBZQ J1254+1141 | BZQ | Star | QSO | FSRS | NLQI.0 | BZQ | -24.94 | 309.61
SBZQ J0059+0006 | BZQ | Star | S1.5 |Sy 1.5 | NLQI.2 | BZQ |-23.98 | 128.48
SBZQ J0948+0022 | BZQ | Star | Sin | FSRS | NLQL.5 | BZQ | -22.78 | 42.36
SBZQ J1105+0202 | BZQ |Galaxy| AGN | FSRS | NLS1.2 | BZQ |-22.05 | 21.75
SBZQ J1644+2619 | BZQ |Galaxy| Sin | FSRS | NLSL.5 | BZQ |-21.10 | 9.00
SBZQ J1252+6451 | BZQ |Galaxy| SI1 | Sy 1 S1.0 | BZG | -22.23 | 25.57
SBZQ J2308+2008 | BZQ | Star | QSO | FSRS | S1.5 | BZG |-22.22 | 25.32
SBZQ J1631+4927 | BZQ |Galaxy| AGN | FSRS | S1.8 | BZG |-22.20 | 24.76
SBZQ J0748+2400 | BZQ | Star | HP | FSRS S2 BZG | -22.07 | 22.00
SBZQ J1506+3730 | BZQ |Galaxy| S2 | FSRS | S1.8 | BZG |-20.19 | 3.89

4. Absolute magnitudes and Iluminosities. Having information on
magnitudes from SDSS, we have calculated absolute magnitudes for BZQ objects
using Eq. (1).

M =m+5-5logL— f(z)—Am(z), (1)
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where L is the luminosity distance as defined by [10]:

L:MI[(1+2)3QM+QATO'SLZZ Q)
Hy =+
z is the redshift, f=2.5(1-z)" the k correction, Am(z) is a correction to k
considering that the spectrum of quasars is not strictly a power law of the form
Scv® (a=-0.3, [7]).
The following values were taken for the cosmological constants in the calcu-
lations:

Q,, =029, Q, =071, H,=7lkms"/Mpc.

Having absolute magnitude, we counted luminosities for BZQ objects from
blazars catalogue using Eq. (3).

L=2512""M [ (3)

where L, and Mg are the luminosity and the absolute magnitude of the Sun
(Lg =3.83-10% erg/s, Mg =4.83). Data on absolute magnitude and luminosity
can be found in Table 4.

Some objects, at the beginning, using only optical spectra, were classified as
Seyfert type, but after the calculation of absolute magnitudes we changed their
class, if their absolute magnitude is smaller than -22.25 (the luminosity is higher).
As a result, I NLQ changed to NLS, 1 NLQ1.0 changed to NLS1.0, 1 NLQ1.2
changed to NLS1.2, 3 NLQI1.5 changed to NLS1.5, 8 QSO changed to S
(Seyfert), 9 QSO1.0 changed to S1.0, 12 QSOI1.2 changed to S1.2, 19 QSO1.5
changed to S1.5, 7 QSO1.8 changed to S1.8.

5. Results. We selected BZQ objects from BZCAT catalogue (Table 1). 618
of the 1909 BZQ objects have optical spectra in the SDSS. For these objects we
have carried out a detailed classification using the SDSS spectra. In this paper
we have carried out optical classification using method given by [9]. Our optical
classification results are given in Table 3 and 4.

In Table 3 and in Fig.1 we show our spectral classification for 618 BZQ objects
using the SDSS spectra. It is clear from Table 3 and Fig.2 that these objects are
mostly QSO (about 97%). 432 (69.9%) out of 618 have not changed optical class,
only 186 (30.1%) of these objects have changed their optical class.

Some objects changed their class after estimation of absolute magnitudes
(-22.25 limit between QSOs and Seyferts). As a result, 1 NLQ changed to NLS,
1 NLQI1.0 changed to NLSI1.0, 1 NLQI1.2 changed to NLS1.2, 3 NLQI1.5 changed
to NLS1.5, 86 QSO changed to S (Seyfert), 9 QSO1.0 changed to S1.0, 12 QSO1.2
changed to S1.2, 19 QSOI.5 changed to S1.5, 7 QSO1.8 changed to S1.8.

Having this new information on the optical classification we suggest to change
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the classification of some objects in BZCAT, given by [1]: for 148 BZQ objects
to BZG and for 6 BZQ objects to BZU (1 object classified as "star”, 5 objects
classified as "unknown").
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KITACCUOUKALIMA PAINMOKBA3APOB C
[NIOCKUM CIEKTPOM 110 THUIIAM
OIITUYECKOM AKTUBHOCTHU

A.M.MUKAEJIAH, A.B ABPAMAH, I'M.ITAPOHAH,
I'AMUKAEJAH, AT.CYKNACAH, B.X.MKPTUAH

IIpoBenmeHa criekTpajibHasI KiaccUUKaus KaHAWUIATOB B PamMOKBa3aphl C
iockum criektpoMm (FSRQ) u3 karanora BZCAT v.5, 0603HaueHHbIe B KaTajlore
Kak 00bekThl oaTuna BZQ. Kiaccudukaiiusg ocHoBaHa Ha ONTUYECKON CIIeKTPO-
cKoIuu cpeaHero paspelneHus: CiioaHoBCcKoro Hu@poBoro o63opa Heba (SDSS),
1 Hapsioy cO CTaHIAPTHLIMU JUArHOCTUUECKMMM auarpamMamu BPT-tuna npumeHeHa
HeIaBHO BBEICHHAS aBTOPaMM CXeMa TOHKOM KiTacCH(HUKAIIMK C TIOATHUIIAMU KBa3apoB
U y4eTOM MHOTrux Apyrux ocobeHHocteit. M3 1909 BZQ 006beKTOB Kinaccuduiim-
poBaHbl 618, KoTOpele MMEIOT crieKTpbl SDSS, B pesyibrate yero mmeeM: 445
KBa3apoB C LIMPOKUMU JUHUAMU, 19 KBa3apoB ¢ y3kumu JuHusMu, 138 CelicdepToB
C LIMPOKUMU JUHUSIMU, 8 CelihepToB C Y3KUMM JIMHUSIMU U 2 DMUCCUOHHBIE
rajJakTuky. PaccuuTaHbl aOCONIOTHBIE 3BE3IHbIE BEIWYMHBI M CBETUMOCTU JUIS
BCeX O0BEKTOB, UTOObI OTIMYUTH QSO OT ceilpepTOBCKMX TajlaTMK, KakK 3TO
OITpenesIcHO KaTaJoroM KBa3apoB M aKTUBHBIX TAJIAKTHK C MIPEACIIOM pa3neIeHUs
-22™.25. B pesynbrare, 148 o6bekTOoB M3MeHWIM cBoil BZCAT moarum mexmy
BZQ u BZG, a 6 oonexroB ¢ BZQ na BZU.

KitoueBble cinoBa: paduokeasapwvl: mun aKmueHoCmu: KAACCUpUKayus
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