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Unification Schemes of Active Galactic Nuclei

Urry & Padovani, (1995) 

Blazars: 

Small angle between the jet and LOS
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Spectral Energy Distribution (SED) of BL Lac Mrk 501.
Two bumps:

• Low-energy bumb: synchrotron emission
• High-energy bumb: inverse Compton
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Blazars

BL Lac (BZB):  Weak emission 
lines, EW<5 Å.

FSRQ (BZQ): Intense emission 
lines

Hα + [N II]

Hβ + [O III]

Fe II

Fe II

⊗

⊗
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telescopes [1]. We have analysed all flux-calibrated spectra from 2008 to April 20151. Our dataset
consists of about 5000 spectra, belonging to 25 blazars.

3. Spectral Characterisation

Our first approach was to obtain a representative spectrum of each target, computed as the median
value for each wavelength. Three different classes of objects can be identified according to the features
observed in the representative spectrum: i—those showing prominent emission lines (see Figure 1),
or FSRQ type; ii—those with a featureless spectrum (see Figure 2), or BL Lac type; iii—finally those
dominated by the stellar population (see Figure 3), or host galaxy type. Spectral features can be reliably
identified and measured. We have sorted the objects of our sample into BL Lac and FSRQ, applying
the standard criterion EWrest < 5 [2] to the representative spectrum. The full sample and classification
will be published elsewhere. Nonetheless, the object classification is not fully meaningful, given the
strong observed variability. As an example, we show in Figure 2 the variation of the optical spectrum
of BL Lac. It can be noticed that emission lines emerge only at low activity stages.

Figure 1. Median spectra computed for two FSRQ type objects: 3C 454.3 and PKS 1510-08. The median
spectrum is shown as the dark blue line, red and green lines represent the spectra at the maximum
and minimum levels of activity. The light blue area indicates the spectral shape variation within the
first and third quartiles. The features observed around 6900 Å and 7200 Å are due to uncorrected
telluric absorption. There is also clear fringing at wavelengths redder than 6900 Å, due to the use of
a thinned CCD.

Figure 2. Median spectra computed for two BL Lac type objects: OJ 287 and BL Lac. Curves represent
the same as in Figure 1.

1 Spectra are scaled to match the V-band magnitude determined using synthetic photometry from the spectra of the blazar
and a comparison star.
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highly curved spectrum. We have slightly changed the
definition of Flag 5 on the conservative side. For any source,
we define its best band k0 as before (i.e., the highest-energy
band in which it has TS>25, or the band with highest TS if
none reaches 25). Defining TS0 as the TS of the source in that
band, we now consider that a neighbor is brighter whenever it
has TS>TS0 in band k0 or in any higher-energy band. This
catches soft sources close to a harder neighbor only somewhat
more significant. The localization check with gtfindsrc (Flag 7
in 3FGL) was not done because unbinned likelihood is very
slow and does not support energy dispersion nor weights. The
Sun check (Flag 11 in 3FGL) is no longer necessary since we
now have a good model of the solar emission.

In total, 1164 sources are flagged in 4FGL (about 23%,
similar to 3FGL). Only 15% of the sources with power-law
index Γ<2.5 are flagged, but 47% of the soft sources with
Γ�2.5. This attests to the exacerbated sensitivity of soft
sources to the underlying background emission and nearby
sources. For the same reason, and also because of more
confusion, 52% of sources close to the Galactic plane (latitude
less than 10°) are flagged while only 12% outside that region
are. Only 15% of associated sources are flagged but 45% of the
non-associated ones are flagged. This is in part because the
associated sources tend to be brighter, therefore more robust,
and also because many flagged sources are close to the Galactic
plane where the association rate is low.

Figure 14. Full sky map (top panel) and blow-up of the Galactic plane split into three longitude bands (bottom panel) showing sources by source class (see Section 6,
no distinction is made between associations and identifications). All AGN classes are plotted with the same blue symbol for simplicity. Other associations to a well-
defined class are plotted in red. Unassociated sources and sources associated to counterparts of unknown nature are plotted in black.

20

The Astrophysical Journal Supplement Series, 247:33 (37pp), 2020 March Abdollahi et al.

Despite of being the rarest class of AGNs, Blazars are the dominant source of 

the extragalactic gamma-rays sky. 

In the 4FGL Blazars are ~91 % associated sources (3070/3370) 

Class Identified Associated

BL Lac 22 1109
FSRQs 43 651
BCUs 2 1310

Total 4FGL 358 3370

Abdollahi et al. 2020

Hunting blazars
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Unassociated Fermi/LAT catalogs

UGS Unidentified/Unassociated gamma-ray sources: 

• 43 % of 1451 in 1FGL (Abdo et al. 2010)

• 31 % of 1873 2FGL (Nolan et al. 2012)

• 33 % 3033 in 3FGL (Acero et al. 2015)

• 30 % 5000? in 4FGL Benoit talk

Introduction
4

The nature of UGS is still an unsolved issue! 

The necessity of methods for finding UGS counterparts and observe it 
spectroscopically.

Harold Peña, 2017 Fermi Collaboration Meeting

In Fermi-LAT Catalogs there are sources with uncertain nature or no association:

• Blazar Candidates of Uncertain type (BCU)

Show multifrequency behavior similar to blazars but lacking optical spectra in the 

literature. Or the quality of such spectra is too low to confirm their nature. 

• Unidentified/Unassociated gamma-ray sources (UGS): 

• 43 % of 1451 in 1FGL (Abdo et al. 2010) 

• 31 % of 1873 2FGL (Nolan et al. 2012) 

• 33 % 3033 in 3FGL (Acero et al. 2015)

• 26 % 5064 in 4FGL (Abdollahi et al. 2020)

 Total 4FGL 5064

Identified 358
Associated 3370

Unassociated 1336

The necessity of methods for finding UGS counterparts.

The number of UGSs is still an unresolved issue! 

My contribution: to reduce this fraction!

Hunting blazars
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Unassociated Fermi/LAT catalogs

UGS Unidentified/Unassociated gamma-ray sources: 

• 43 % of 1451 in 1FGL (Abdo et al. 2010)

• 31 % of 1873 2FGL (Nolan et al. 2012)

• 33 % 3033 in 3FGL (Acero et al. 2015)

• 30 % 5000? in 4FGL Benoit talk

Introduction
4

The nature of UGS is still an unsolved issue! 

The necessity of methods for finding UGS counterparts and observe it 
spectroscopically.

Harold Peña, 2017 Fermi Collaboration Meeting

Using Roma-BzCAT it was discovered the WISE 

blazar strip [3.4]–[4.6]–[12] μm color–color 

diagram.

• This trend is not visible using other catalogs 

(e.g., Vèron-Cetty 2010)

• It was possible thanks to the homogeneous 

sources selection of Roma-BzCAT, i.e., a 

clean catalogue of blazars.
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Fig. 3 The comparison between the mid-IR WISE colors of the
Fermi BZBs associated from the Roma-BZCAT and the newly dis-
covered BZBs located within the positional uncertainty region of
the selected UGSs.
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Fig. 4 Distribution of the angular separation between Fermi -LAT
and associate counterpart position of the Roma-BZCAT BZBs.
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2http://www.star.bris.ac.uk/⇠mbt/topcat/
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Finding the UGSs counterparts:
 

•Surveys Compact Radio emission, of UGSs in Fermi-LAT catalogs (Petrov et al. 
2013, Schinzel et al. 2015)

•Surveys Flat radio spectra, surveys of 2FGL objects (Nori et al. 2014, Giroletti et 
al. 2016)

• Follow up with X-rays Swift, Suzaku, XMM-Newton, and Chandra (Paggi et al. 
2013, Takeuchi et al. 2013,  Acero et al. 2013, Marchesini 2020)

• Gamma-ray blazars locus in a distinctive region in the color-color diagram 
separated from other extragalactic sources. WISE gamma-ray strip.

Optical Spectral Classification 
To provide unambiguous confirmation is necessary to observe the 
candidates with optical spectroscopy.

Hunting blazars
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Optical Campaign

• Unveil the nature of Unidentified/Unassociated gamma-ray sources 

(UGSs) in Fermi/LAT catalogs;

• Confirm the blazar nature and find redshift estimation of BCUs, 

already associated in Fermi/LAT catalogs.

• Using 2 and 4 m class telescopes

Credits: ESO, OAN-SPM, 
OAGH-INAOE, OAN-SPM 
Ilse Plauchu Frayn, SOAR 

Fermi-NOAO Cooperative Agreement

Acknowledgements
12

Approved in cycle 6 and 9 already published and/or submitted 
Paggi et al. 2014, Massaro et al. 2015b, Landoni et al. 2015,Riccietal.2015, 
Á́lvarez-Crespo et al. 2016a,b, Marchesini et al. 2017, Peña et al. 2017)

Cycle 10, we requested  5 nights at SOAR and 5 nights at Blanco to 
observe 152 gamma-rays to decrease the 4FGL fraction of UGS.

NOT

OAN-SPM

OAGH

TNG

LBT

Collaboration

Harold Peña, 2017 Fermi Collaboration Meeting
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Peña-Herazo et al. 2021c

Hunting blazars

Optical Campaign • In 2018 I joined a campaign we analyzed 456 

unique targets confirming the blazar-like nature of 

433. 

• We classified 333 BL Lacs (58 with a firm redshift 

measurement), 51 FSRQs, and 49 BZGs. 

• We collected 112 from archival observations from 

large spectroscopic surveys (SDSS and LAMOST). 

14 Peña-Herazo et al.
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Figure 3. Summary of the sources classified during the optical spectroscopic campaign for each year through

dedicated spectroscopic observations (upper panel) and through analysis of archival spectra (lower panel).

With blue and red color we indicate the sources classified as BZBs and BZQs, respectively.

which signatures are imprinted in their �-ray spectra (see e.g., (Stecker et al. 1992). This248

feature allow also to constrain the EBL evolution with cosmic time (see e.g., Aharonian249

et al. 2006; Ackermann et al. 2012; Domı́nguez et al. 2013; Domı́nguez & Ajello 2015).250

However, it is necessary to know the redshift of �-rays blazar, proven to be challenging251

for those BL Lacs showing featureless optical spectra. Our new redshift measurements252

on �-ray blazars will contribute to better constrains of the EBL. Particularly, our results253

on the lower limits of 4FGL J0433.7-5725 and 4FGL J0749.4+1058 at z > 1.273 and254

z > 0.823 will be of importance for EBL constrains as they are more sensitive to high255

redshift sources.256

Credits: ESO, OAN-SPM, 
OAGH-INAOE, OAN-SPM 
Ilse Plauchu Frayn, SOAR 

Fermi-NOAO Cooperative Agreement
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observe 152 gamma-rays to decrease the 4FGL fraction of UGS.
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Peña-Herazo et al. 2021a, 2021b
The Large Sky Area Multi-Object 
Fibre Spectroscopic Telescope 
(LAMOST). Credit: Paul Hilscher.

Hunting blazars

LAMOST
• We confirmed the blazar nature of  24 

BCUs.

• Obtained 15 new redshift measurements.

• Reported 26 sources as potential 

changing-look blazars.
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Peña-Herazo et al. 2021a

Hunting blazars

observational effect, we report it as a potential changing-
look blazar.

5. 5BZG J1056+0252 was reported by Fischer et al. (1998)
and classified as a BZG in the Roma-BZCAT. We
classified it as a BZB according to the LAMOST
spectrum.

The optical classification of blazars can be affected by
several observational effects, including the spectral signal-to-
noise ratio, as weak spectral features can be swamp by the
noise, spectral coverage, and spectral resolution, to name a few.
However, despite these sources of uncertainties, on the basis of
our analysis we are confident about claiming the changing-look

nature of J140244.51+155956.6, J132111.20+221612.1, and
J105606.61+025213.4, and are less confident for the remain-
ing ones for the reasons previously described.
Possible scenarios for accounting for the BZB–BZQ

transition objects include that these blazars are:

1. broad-line objects with highly beamed jets and radiatively
efficient accretion (Giommi et al. 2012; Ruan et al. 2014),

2. quasars with weak radiative cooling and their broad lines
overwhelmed by the nonthermal continuum (Ghisellini
et al. 2012),

3. broad-line objects with variations of their jet bulk Lorentz
factor (Bianchin et al. 2009).

Figure 2. Comparison of the literature spectra (light violet) with the LAMOST spectra (blue if BZB, red if BZQ) for those blazars with different classification with
available spectral image. (a) the optical spectrum of the changing-look blazar 5BZB J1402+1559, in red the LAMOST spectrum, and in black the SDSS spectrum. We
classified this source as a BZQ, compared with the BZB spectrum reported by Baldwin et al. (1977). (b) The spectrum of 5BZG J0916+5238 classified as a BZG in
the Roma-BZCAT, based on the spectrum of Nass et al. (1996), compared with the BZB LAMOST spectrum. In gray, we show the spectrum of the elliptical galaxy
J084640.34+281829.6 to compare the Ca II break with the blazar one. (c) The spectrum of 5BZQ J1321+2216, a BZQ as classified by Shaw et al. (2012) in
comparison with the LAMOST spectrum, classified here as BZB. (d) The spectrum of 5BZQ J1106+2812, classified as BZQ by Shaw et al. (2012) compared with the
LAMOST spectrum, showing a BZB. (e) The spectrum of the 5BZG J1056+0252 reported by Fischer et al. (1998) in comparison with the BZB LAMOST spectrum.
In gray, we show the spectrum of the elliptical galaxy J084640.34+281829.6 to compare the Ca II break with the blazar one.

7

The Astronomical Journal, 161:196 (11pp), 2021 April Peña-Herazo et al.

Changing look blazars?
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Peña-Herazo et al. 2019

Hunting blazars
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Fig. 1 We show the optical image of the UGS: FL8Y J0024.1+2401 taken in the i filter and available in the SDSS archive. The white
ellipse marks the Fermi-LAT positional uncertainty region at a 95% confidence. The red circle indicates the position of the BZB SDSS
J002406.1+240438.3 identified and classified thanks to our analysis. Green crosses point all radio sources reported in NVSS catalog.
Insets shows all the optical spectra of SDSS sources inspected during our analysis, SDSS J002406.1+240438.3 in the top panel and that
of a normal elliptical galaxy in the bottom one.

All spectra presented in the current analysis were cor-335

rected by galactic extinction using the reddening law of336

Cardelli et al. (1989) and values of EB�V computed by337

Schlegel et al. (1998) and reddening and extinction maps338

of Schlafly & Finkbeiner 2011. Finally, we performed box339

smoothing for visual representation and, to highlight spec-340

troscopic features, we normalized the spectra to the local341

continuum.342

Additional details on the data reduction procedures can343

be found in previous analyses of our follow up campaign344

(see. e.g Landoni et al. 2015a; Ricci et al. 2015; Álvarez-345

Crespo et al. 2016a; Peña-Herazo et al. 2017; Marchesini et346

al. 2019).347

5 Results348

Results of current analysis are reported below for each sam-349

ple separately (i.e., UGSs first and BCUs later). In Figure350

Figure 2 and from Figure 5 to Figure 21 we show the optical351

spectra of UGSs potential counterparts in SDSS and from352

Figure 22 to Figure 33 we show the optical spectra and find-353

ing chart for those targets observed at OAGH and SOAR, all354

ordered by right ascension. Results are then summarized in355

Table 1, with spectral line measurements in Table 2.356

5.1 Searching for Gamma-ray BL Lac candidates using357

archival observations358

To carry out this investigation we searched in the footprint359

of SDSS DR14 all sources having an optical spectrum and360

lying with the positional uncertainty of UGSs. The total361

number of UGSs lying in the SDSS footprint is 357, how-362

ever only 166 of them have at least an optical source with363

a spectroscopic observation within the positional uncer-364

tainty region of Fermi . For only 18 out of 166 we found365

that one of the spectroscopic sources is classifiable as366

BZB. For the resting 148 UGSs we does not exclude the367

possibility of having a blazar within the Fermi positional368

uncertainty region.369

All these spectroscopic identifications are based on the370

measurements of the EW of emission/absorption features371

found in the optical spectra or on the lack of them. We372

obtained a z estimate for SDSS J111346.03+152842.9373

that appear to lie at z = 0.2589. Our result is based374

on the identification of Ca II H&K (EW=8-7 ±2 Å), G375

band (EW=9 ±2 Å), H� (EW=13 ±2 Å) and Mg I�5174376

(EW=7 ±2 Å) absorption lines. However, the BZB SDSS377

J111346.03+152842.9 spectrum also shows spectral fea-378

tures of a foreground star, as shown in Figure 8. Addition-379

ally, we found an lower limit redshift estimation of SDSS380

J150316.57+165117.7 by identification of Mg II and Fe II381

multiplets of an intervening absorption system at z = 0.972.382

Finally, we find a tentative estimate of the redshift of383
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Blind search in LAMOST

Search for BL Lacs in the uncertainty ellipse of UGSs

NAOC press release in preparation
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The optical spectroscopic follow up still on going.

• During 2021 I acquired new 62 spectra. 

• 19 more nights, twice per year ~ 1/3 of BCUs in 4FGL. 
Upcoming observing nights: OAN-SPM, SOAR, Blanco, 
and KPNO thanks Fermi-NOAO Cooperative Agreement 
and CNTAC. 

• Blind search for BL Lacs with LAMOST.

• Sources will be used in Roma-BzCAT v6.

Hunting blazars
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Seyfert galaxy (usually a spiral) with 
a high surface brightness core that 
reveals unusual emission lines 
( S ey f e r t 1 9 4 3 , K r a e m e r & 
Crenshaw 2000).

Nebular emission lines: Balmer,  [O I], [O II], [O III] [N II], [S II]
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By emission lines: Khachikian & Weedman (1974) 

Broad Component:

FWHM ~1000 — 20000 km s-1

Narrow Component:

FWHM ≲900 km s-1

Hα + [N II]

Hβ 

Hα + [N II]

 [O III]

[O III]

Hβ

Detection of broad emission lines in polarized spectrum of a type 2, NGC 1068 
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• Create a clean (i.e. with robust selection) catalog of Seyfert 
galaxies. Several other catalogs include are contaminated with 
other type of AGNs.

• Study statistically the Turin-SyCAT sample

• Study the large scale environment of Turin-SyCAT sample

Based on the previous use of other clean catalogs (like Roma-
BzCAT).
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• I selected 351 Seyfert galaxies fulfilling the selection criteria
• Image of their spectra 
• Counterparts and multi-frequency properties (radio, infrared, 

optical, and X-rays)

Peña-Herazo et al. 2021d accepted in A&A

Peña-Herazo, H. A. et al.: Turin-SyCAT: a multifrequency catalog of Seyfert Galaxies

Fig. 5. The sky distribution of all 351 Seyfert galaxies listed in the Turin-SyCAT, in the Aito�
projection. Seyfert 1 are represented in black stars and Seyfert 2 in yellow circles. (This color
scheme is adopted through the entire manuscript.)

SDSS redshift values with those obtained in the literature and inspected by us during the

selection process. The redshift di�erences between those reported in the SDSS and those

we collected are all less than 10≠3.

Once we obtain uniform coordinates for all sources in Turin-SyCAT thanks to their

WISE counterparts, we crossmatched our catalog with the 4th Fourth IBIS/ISGRI Soft

Gamma-Ray Survey Catalog6 (IBISCAT4 Bird et al. 2007), and with the ROSAT Bright

and Faint Source catalog (RBSC and FRSC Voges et al. 1999, 2000, respectively). To carry

out all these crossmatches, we adopted a conservative positional uncertainty for WISE

coordinates of 1ÕÕ, quite larger than that reported in the AllWISE catalog (Wright et al.

2010), but our results are not a�ected significantly by this choice. All matches are also

unique, as expected by the low sky density of the hard X-ray sources.

In the hard X-ray sky, we found that 102 out of 351 Seyfert galaxies lie within the

positional uncertainty of IBISCAT4 sources, this result was found using the positional

uncertainty reported in the IBISCAT4. Finally, from the crossmatch with the ROSAT

Bright Source Catalog and the ROSAT Faint Source Catalog (Voges et al. 1999, 2000)

finding that 160 Seyfert galaxies out of 351 have a soft X-ray counterpart, unique match,

within the positional uncertainty reported therein for the X-ray coordinates and 1ÕÕ for

AllWISE coordinates as previously considered.

Finally, Figure 6 shows the Venn diagram of the Seyfert galaxies selected

for the 1st release of the Turin-SyCAT having an hard X-ray counterpart in

the 3PBC or/and in the BAT105 catalogs or discovered thanks to the optical

spectroscopic campaign of unidentified hard X-ray sources.

6 https://heasarc.gsfc.nasa.gov/W3Browse/integral/ibiscat4.html

Article number, page 15 of 43

Turin-SyCAT
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Peña-Herazo, H. A. et al.: Turin-SyCAT: a multifrequency catalog of Seyfert Galaxies

Fig. 6. Venn diagram of sources selected for Turin-SyCAT and associated in both the
3PBC and the BAT105, highlighting those discovered thanks to the optical spectro-
scopic campaign of unidentified hard X-ray sources, is shown.

5. Characterizing the Seyfert galaxy population

5.1. Infrared emission

We compared the mid-IR colors of type 1 and type 2 Seyfert galaxies listed in this 1st

release of the Turin-SyCAT as shown in Figure 7 since all selected sources have a WISE

counterpart detected in all four WISE bands with only one exception (see Section 3 for

additional details).

The distribution of the W1-W2 color appears to be more concentrated for the Seyfert

galaxies of type 1, while that of type 2 covers a broader range. No neat di�erences are visible

in both WISE color diagrams, with the only exception that overall Seyfert 2 galaxies tend

to be redder than Seyfert 1. More than 90% of Seyfert 1 galaxies and ≥50% of type 2 ones

have the mid-IR color W1 ≠ W2 > 0.5, the same criterion used to distinguish and select

AGNs from other sources (Ashby et al. 2009) while adopting a more conservative threshold

(low contamination from other source classes) ≥75% of Seyfert 1 galaxies and ≥40% of

Seyfert 2 show W1 ≠ W2 > 0.8 (Stern et al. 2012), respectively.

To test that such di�erences are not related to the redshift distributions of type 1 and

type 2 Seyfert galaxies we also compared their IR colors in restricted redshift range of 0.01

bin size and we confirmed previous results (see Appendix B for more details).

Then, given the recent and extensive use of these mid-IR color-color diagrams to se-

lect “-ray blazar-like candidates that could be potential counterpart of unidentified “-ray

sources (Massaro et al. 2012a; D’Abrusco et al. 2013; Massaro et al. 2013a; Massaro &

D’Abrusco 2016) and targets of optical campaigns (Paggi et al. 2014; Massaro et al. 2014,

2015a; Landoni et al. 2015; Álvarez Crespo et al. 2016; Marchesini et al. 2016; Peña-Herazo
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Fig. 2. The flow chart highlighting all steps and thresholds applied to select the final sample of
Seyfert galaxies belonging to the 1st release of the Turin-SyCAT. We selected sources with radio
luminosity lower than 1040 erg s≠1 to avoid jetted AGNs and L3.4µ m < 1011 L§ to avoid quasars.

total number of sources in each catalog together with (i) those classified as Seyfert galaxies,

(ii) those selected investigated and (iii) the final number of sources identified and listed in

the Turin-SyCAT.

Table 2. Number of sources in the starting catalogs or samples for the initial Seyfert galaxy
selection.

Catalog Total Seyfert Targets
sources galaxies identified

3PBC 1593 520 265 300
BAT105 1632 827 289 331

– The 3PBC lists a total of 1593 hard X-ray sources with 534 unidentified sources and

having 356 of those associated with a low energy counterpart classified as Seyfert 1 and

164 as Seyfert 2. When inspecting this catalog, we only extracted a total of 265 Seyfert

galaxies that met our criteria. Additional 35 sources were also identified thanks to the

optical spectroscopic observations carried out for the unidentified hard X-ray sources

(see e.g., Masetti et al. 2013, and references therein).

– The BAT105 has 827 sources classified as Seyfert galaxies listed therein. Here we selected

a total of 289 Seyfert galaxies plus additional 42 classified as Seyfert galaxies within

those observed during the optical spectroscopic campaign of unidentified hard X-ray

sources. In particular 280 Seyfert galaxies belong to both the 3PBC and the BAT105

catalog.
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• The 3rd release of the Palermo BAT 
source catalog (3PBC, Cusumano et al. 
2010) 

• The BAT 105 months survey (Oh et al. 
2018)

• Optical spectroscopic campaign of Swift-
BAT and INTEGRAL unidentified hard X-
rays sources (UHXs, Masetti et al. 2004)

+UHXs
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Using the following selection criteria:
1. Existence Seyfert like optical spectrum, in literature.
2. Radio luminosity lower than 1040 erg s−1 whenever 

has a radio counterpart belonging to one of the major 
radio surveys, namely: NVSS, FIRST and SUMSS 

3. A mid-IR counterpart listed in the AllWISE Source 
catalog. 

4. Exclude nearby quasars by cutting L3.4μm < 1011 L⊙

Peña-Herazo, H. A. et al.: Turin-SyCAT: a multifrequency catalog of Seyfert Galaxies

4. The Turin-SyCAT

We labeled all sources listed in the 1st release of the Turin-SyCAT with a prefix Sy1 or Sy2

following by coordinates in the format J0000+0000 to have a unique name to identify them.

For only 10 sources out of 351, our optical classification was di�erent from the one reported

in the literature; in any case, both of them are reported in the final catalog table available

in the Appendix A. We also highlight that narrow-line Seyfert 1 galaxies (Osterbrock &

Pogge 1985) are labeled in our catalog as Sy1.

In Figure 4 it is quite evident the lack of type 2 Seyfert galaxies above z =0.1 as well

as the fact that at z > 0.04 the fraction of type 2 over type 1 Seyfert drastically drops

suggesting that samples and catalogs used to create the Turin-SyCAT could be incomplete.

Fig. 4. The redshift distribution of all Seyfert galaxies included in the 1st release of the Turin-
SyCAT. Seyfert galaxies classified as type 1 are shown in black while those classified as type 2 in
yellow. It is worth noting that type 2 Seyfert are basically not selected at z >0.1.

The sky distribution, computed using the Aito� projection, of all 351 Turin-SyCAT

sources is then reported in Figure 5 where a larger fraction of sources (203) have decli-

nations ” > 0¶, where it is to easier to get access to optical telescopes to perform source

identifications (Green et al. 1986; Colless et al. 2001; Jones et al. 2004; Aguado et al. 2019).

All Seyfert galaxies are detected in all four WISE bands. In the near IR (i.e., 2MASS,

automatically associated in the AllWISE catalog), we have 350 sources detected in J band

and H band, and 347 in Ks band out of a total of 351, with only one source (i.e., SY2

J0952-6232) lacking a 2MASS counterpart.

The number of Seyfert galaxies within the SDSS footprint is 193 out of 351; all of them

having a unique crossmatch within 1ÕÕ. Three associations at larger angular separations are

SY2 J1001+5540, SY1 J1136+2135 and SY2 J1225+1239, having the SDSS counterpart

at 4ÕÕ.241, 2ÕÕ.88 and 1ÕÕ.51 from their WISE positions, respectively. In the SDSS footprint

are 78 out of 193 Seyfert galaxies with redshift estimates. For all of them, we compared
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Fig. 2. The flow chart highlighting all steps and thresholds applied to select the final sample of
Seyfert galaxies belonging to the 1st release of the Turin-SyCAT. We selected sources with radio
luminosity lower than 1040 erg s≠1 to avoid jetted AGNs and L3.4µ m < 1011 L§ to avoid quasars.

total number of sources in each catalog together with (i) those classified as Seyfert galaxies,

(ii) those selected investigated and (iii) the final number of sources identified and listed in

the Turin-SyCAT.

Table 2. Number of sources in the starting catalogs or samples for the initial Seyfert galaxy
selection.

Catalog Total Seyfert Targets
sources galaxies identified

3PBC 1593 520 265 300
BAT105 1632 827 289 331

– The 3PBC lists a total of 1593 hard X-ray sources with 534 unidentified sources and

having 356 of those associated with a low energy counterpart classified as Seyfert 1 and

164 as Seyfert 2. When inspecting this catalog, we only extracted a total of 265 Seyfert

galaxies that met our criteria. Additional 35 sources were also identified thanks to the

optical spectroscopic observations carried out for the unidentified hard X-ray sources

(see e.g., Masetti et al. 2013, and references therein).

– The BAT105 has 827 sources classified as Seyfert galaxies listed therein. Here we selected

a total of 289 Seyfert galaxies plus additional 42 classified as Seyfert galaxies within

those observed during the optical spectroscopic campaign of unidentified hard X-ray

sources. In particular 280 Seyfert galaxies belong to both the 3PBC and the BAT105

catalog.
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we were able to find additional 44 Seyfert galaxies. This sample is less homogeneous than

the previous ones, but follow-up spectroscopic observations complement the selection based

on the 3PBC and the BAT105, thus motivating our choice of including them.

It is worth highlighting that considering the 3PBC, 90% and 95 % of the sources

are classified and spectroscopically identified aove 4.9 and 13 ◊10≠11 erg s≠1 cm≠2

flux levels, respectively. In Figure 1 we report the fraction of unidentified hard

X-ray sources over total number of 3PBC sources above a certain hard X-ray

flux threshold. The entire 3PBC appears to be classified at level of ≥85%, even

if not all sources are spectroscopically identified and no multifrequency criteria

were adopted.
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Fig. 1. The identification fraction of sources listed in the 3PBC computed as the ratio
between the number of unidentified sources (Nunid) over the total number of sources
(Nsrc) with flux in the hard X-ray band 15-150 keV, above a certain threshold. The
blue and red lines mark the hard X-ray flux for which the 3PBC has 90 and 95 % of
identification, respectively. Abut 85% of the sources in the 3PBC appear to have an
optical spectroscopic classification.

3. Selection criteria

Given our primary goal of creating a catalog of Seyfert galaxies, with homogeneous selec-

tion criteria based on multifrequency observations, to investigate their properties having

a negligible fraction of contaminants, we adopted the following minimum requirements to

include a source in the Turin-SyCAT.

3.1. Step-by-step procedure

We inspected all sources belonging to surveys and catalogs previously listed (see Section 2),

and we included only those selected according to the following criteria. Each step of the

selection process is also summarized in the flow chart available in Figure 2.
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Fig. 9. The color-color diagrams based on the 2MASS magnitudes comparing contours of Seyfert
galaxies of type 1 (grey-to-black) and type 2 (yellow-to-green) with generic sources selected in a
random region of the sky (see Massaro et al. 2011, for a similar analysis). While Seyfert galaxies
occupy a well distinct region from that of generic infrared sources their near-IR properties are
quite similar. Isodensity contours are computed using KDE (see e.g., D’Abrusco et al. 2019).

Fig. 10. The comparison between the optical and the mid (left panel) and near (right panel)
infrared colors for both Seyfert galaxies of type 1 (black in both plots) and type 2 (yellow in
both diagrams). Seyfert galaxies are well separated in two distinct regions of both plots when
considering the u ≠ r color. These color-color diagrams are drawn only for those Seyfert galaxies
lying in the SDSS footprint (see Section 3.)
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Fig. 9. The color-color diagrams based on the 2MASS magnitudes comparing contours of Seyfert
galaxies of type 1 (grey-to-black) and type 2 (yellow-to-green) with generic sources selected in a
random region of the sky (see Massaro et al. 2011, for a similar analysis). While Seyfert galaxies
occupy a well distinct region from that of generic infrared sources their near-IR properties are
quite similar. Isodensity contours are computed using KDE (see e.g., D’Abrusco et al. 2019).

Fig. 10. The comparison between the optical and the mid (left panel) and near (right panel)
infrared colors for both Seyfert galaxies of type 1 (black in both plots) and type 2 (yellow in
both diagrams). Seyfert galaxies are well separated in two distinct regions of both plots when
considering the u ≠ r color. These color-color diagrams are drawn only for those Seyfert galaxies
lying in the SDSS footprint (see Section 3.)
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Fig. 12. (Left panel) The correlation found between the W3 integrated flux and that in the
hard X-ray band from the 3PBC, for both Seyfert 1 and 2 galaxies (marked in black and yellow,
respectively). The dashed black line corresponds to the regression line computed for the whole
sample while the straight black and yellow lines mark that for type 1 and type 2 Seyfert galaxies,
respectively. Correlation coe�cients are reported in Section 5.3 while p-chance are negligible being
all lower than 10≠6. (Right panel) Same of left plot but computed using the mid-IR flux at 22µm.
Vertical dashed blue and red lines indicates the flux at which the sample is complete to 90 % and
95 %, respectively.
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Fig. 12. (Left panel) The correlation found between the W3 integrated flux and that in the
hard X-ray band from the 3PBC, for both Seyfert 1 and 2 galaxies (marked in black and yellow,
respectively). The dashed black line corresponds to the regression line computed for the whole
sample while the straight black and yellow lines mark that for type 1 and type 2 Seyfert galaxies,
respectively. Correlation coe�cients are reported in Section 5.3 while p-chance are negligible being
all lower than 10≠6. (Right panel) Same of left plot but computed using the mid-IR flux at 22µm.
Vertical dashed blue and red lines indicates the flux at which the sample is complete to 90 % and
95 %, respectively.
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Fig. 13. (Left panel) The scatter plot for the integrated flux at 60µm collected from the IRAS
Point source catalog (i.e., F60) and that in the hard X-ray band (i.e., FHX) as listed in the 3PBC,
for both Seyfert 1 and 2 galaxies (marked in black and yellow, respectively, as shown in previous
figures). No neat trend/correlation appear evident. (Right panel) Same of left plot but computed
using the far-IR flux at 100µm (i.e., F100).
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Fig. 13. (Left panel) The scatter plot for the integrated flux at 60µm collected from the IRAS
Point source catalog (i.e., F60) and that in the hard X-ray band (i.e., FHX) as listed in the 3PBC,
for both Seyfert 1 and 2 galaxies (marked in black and yellow, respectively, as shown in previous
figures). No neat trend/correlation appear evident. (Right panel) Same of left plot but computed
using the far-IR flux at 100µm (i.e., F100).
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No trend. Cold dust it is not expected to be linked directly with the central AGN. 

Point Source catalog of the Infrared Astronomical Satellite (IRAS) at 60 μm and 
100 μm.
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Fig. 8. The comparison between the mid-IR colors of Seyfert galaxies listed in the Turin-SyCAT
and the “-ray blazars of the Roma-BZCAT. Seyfert 1 galaxies tend to be more similar to blazars
in their mid-IR emission, in particular when compared with BZQs that have the same infrared
and optical properties of normal quasars, while Seyfert 2 galaxies show mid-IR properties similar
to BZQs only in the W2-W3 vs W3-W4 diagram. Article number, page 35 of 43
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and optical properties of normal quasars, while Seyfert 2 galaxies show mid-IR properties similar
to BZQs only in the W2-W3 vs W3-W4 diagram. Article number, page 35 of 43
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Fig. 8. The comparison between the mid-IR colors of Seyfert galaxies listed in the Turin-SyCAT
and the “-ray blazars of the Roma-BZCAT. Seyfert 1 galaxies tend to be more similar to blazars
in their mid-IR emission, in particular when compared with BZQs that have the same infrared
and optical properties of normal quasars, while Seyfert 2 galaxies show mid-IR properties similar
to BZQs only in the W2-W3 vs W3-W4 diagram. Article number, page 35 of 43
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Fig. 8. The comparison between the mid-IR colors of Seyfert galaxies listed in the Turin-SyCAT
and the “-ray blazars of the Roma-BZCAT. Seyfert 1 galaxies tend to be more similar to blazars
in their mid-IR emission, in particular when compared with BZQs that have the same infrared
and optical properties of normal quasars, while Seyfert 2 galaxies show mid-IR properties similar
to BZQs only in the W2-W3 vs W3-W4 diagram. Article number, page 35 of 43
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• I selected 351 Seyfert galaxies with homogeneous properties at 
radio, infrared and optical energies, 233 type 1 and 118 type 2.

• There is a tight correlation between the mid-IR flux (W3 and W4 
bands) and that FHX(>15 keV) for both classes of Seyfert galaxies.

• Type 1 and 2 Seyfert galaxies have a neat distinction when using 
the u-r color.

• We found that Seyfert galaxies contaminate the gamma-ray blazar 
strip

Turin-SyCAT 28
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• Automatize the search to increase by factor of five the sample.

• Search for Sy 2 at higher redshift. Already several Sy 2 will be 
added thanks to a literature and archival search (Kosiba et al. 
2021 in preparation).

• Study infrared spectra of 157 sources in Spitzer archive. 
Spectral features compared with X-ray flux.

Turin-SyCAT 29
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There is no clear consensus about the environment of Seyfert 
galaxies.
Different sample selections, methods, definitions of neighbors 
and environment.
Test the Unification Scenario! 
         Sy 1 and Sy 2 must lie in the same environment.

Kolouridis et al., 2013
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Samples, all limited to the SDSS footprint:

• Seyfert galaxies: Turin-SyCAT with 0.02 ≤ zsrc ≤ 0.15;

• Radio Galaxies: Low Excitation Radio Galaxies (LERGs) in FRICAT and 

FRIICAT with 0.02 ≤ Zsrc ≤ 0.15. Capetti et al. (2017a), Capetti et al. 

(2017b)

• Mock sources located in random positions of the sky.

Large-Scale Environment of Seyfert Galaxies 
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Cosmological neighbors:
Are optical sources lying within the within 500 kpc, 1Mpc or 2 Mpc radius 

computed at zsrc of the central Seyfert galaxy with all the SDSS magnitude flags 

indicating a galaxy-type object, and having a spectroscopic redshift z with ∆z = 
|zsrc − z| ≤0.005, corresponding to the maximum velocity dispersion in groups 

and clusters of galaxies. 

Large-Scale Environment of Seyfert Galaxies 
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Cosmological neighbors & optical galaxies if central source would be at zsrc = 0.05, 0.10, and 0.15. 
Re-scaling mr to the different zsrc. N500=3, 2 and 0
Important to compare sources at the same redshifts 

Threshold of 2 neighbors when zsrc>0.1, as noise increases at higher redshift.

Radii at 1 Mpc and 2 Mpc 
from the central RG.

Cosmological 
neighbors 

Central Source 
MR, zsrc=0.034, 
N500=10

Same Source MR, 
zsrc=0.05 N500=3

Same Source MR, 
zsrc=0.1 N500=2

Same Source MR, 
zsrc=0.15 N500=0
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Orange squares are 
o p t i c a l g a l a x i e s 
(noise)
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Medians of N500 type 1 and type 2 Seyfert galaxies Ncn and LERGs per redshift bins of 0.01 
size. 
As shown the large-scale environment is consistent between the two types of Seyfert galaxies but 
appear richer in LERGs showing all medians distributed systematically above those of Seyfert 
galaxies. 

34Large-Scale Environment of Seyfert Galaxies 
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Physical distance in kpc between the central source and the average position of the N2000 vs z 
difference.  This is computed at the zsrc of the central source.

No differences in the behavior of type 1 and type 2 Seyfert galaxies between them and in comparison 
with radio galaxies. 

Meaning that Seyfert galaxies have the same location in the clusters/groups as LERGs and ELLs

Large-Scale Environment of Seyfert Galaxies 



Concentration parameter ζcn, (ratio of N500 / N1000)  as function of redshift zsrc for both 
Seyfert and radio galaxies: 

• No trend between these two parameters is evident, no cosmological evolution of the 
concentration parameter. 

36Large-Scale Environment of Seyfert Galaxies 
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• Sy 1 and 2 inhabit the same large-scale environments. With no 
differences in spatial distribution and richness of 
surrounding galaxies. Supporting the unification scenario!

• Radio galaxies inhabits richer environment than Seyfert galaxies. 

• All other parameters related to the large-scale environments of 
both classes appear to be quite similar. 

Large-Scale Environment of Seyfert Galaxies 
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• Study the colors of companions of Seyfert galaxies

• Overdensity vs Luminosity ([O III] and mid-IR)

• Study the environment with Turin-SyCAT v2.

Large-Scale Environment of Seyfert Galaxies 



39Questions


