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The discovery of  - ray emitting Seyfert galaxies has opened a new unified scheme of active
galactic nuclei (AGN) in which jetted Seyfert galaxies are viewed as young counterparts of radio
loud AGN. In this paper, we investigate the relationship between gamma-ray (  - ray) properties
of jetted Seyfert galaxies and those of traditionally radio galaxies, radio quasars and BL Lac objects.
Results show that jetted Seyfert galaxies appear as low luminosity tail of the radio loud AGNs on
the luminosity redshift ( zL 


) plane, indicating an evolutionary link between them. Nevertheless,

narrow-line Seyfert galaxies (NLS1s) do not share similar characteristics with Seyfert galaxies as
they possess higher luminosities and redshift than Seyfert galaxies, suggestive that NLS1s are more
evolved sources. Analyses of  - ray and radio core-dominance show that for each subclass of jetted

AGN, the beaming angle is wider for radio than for  - ray emissions. While Seyferts and radio
galaxies, on average, have similar low inclination to the line of sight, NLS1 objects have orientations
similar to quasars and BL Lacs. There is a significant correlation (r ~ 0.7) between the  - ray core

dominance and  - ray luminosity. The results are consistent with the revised unification scheme and
suggests that NLS1s are highly beamed sources whose parent populations can be found among the
regular Seyferts and/or radio galaxies

Keywords: galaxies: active galaxies: Seyferts: jets: gamma-rays

1. Introduction. Active galactic nuclei (AGNs) are classified according to

their appearance, luminosity and spectra, yielding a zoo of different names. The

differences among the various classes and subclasses of AGNs have been studied

[1-4], and several unification frameworks have been put forward to explain the

underlying similarities and/or differences [1,4]. In the context of the unification

frameworks, appearance of an AGN strongly depends on the viewing angle of the

complex arrangement of the torus-disk-jet system [5], and was pointed out that

all the different classes of AGNs are the same objects whose different manifes-

tations are caused by effects such as orientation, relativistic Doppler boosting, and

view-dependent probability due to torus obscuration In the traditional AGN

classification, radio-brightness categorizes AGNs into two broad classes, namely

radio-loud AGNs (RL-AGNs) and radio-quiet AGNs (RQ-AGNs). However, a

more fundamental physical difference between the traditional radio-loud and the

radio-quiet AGNs has been proposed [6] which is dependent on presence or lack

of strong relativistic jet in their structural morphologies. Consequently, the large

ÒÎÌ 66 ÌÀÉ, 2023 ÂÛÏÓÑÊ 2

À Ñ Ò Ð Î Ô È Ç È Ê À

DOI: 10.54503/0571-7132-2023.66.2-169

https://doi.org/10.54503/0571-7132-2023.66.2-169


170 A.I.AUDU  ET  AL.

AGN family is generally divided into two broad classes, namely jetted AGN and

non-jetted AGN. The jetted AGNs are characterized by strong relativistic jets,

while their non-jetted counterparts display jet-like collimated outflows that are

small, weak, and slow compared to those of jetted sources [7]. Jetted AGNs appear

to be more clustered, undergoes mergers, reside in more massive galaxies, and spin

faster than their non-jetted counterparts [6].

It is important to note that among traditional radio-quiet class of AGNs are

Seyfert galaxies, with radio-loudness parameter     10см6Å4400 ff . Two broad

categories of Seyfert galaxies have been identified based on the width of nuclear

emission lines, namely, Seyfert 1 and Seyfert 2. Seyfert 1 galaxies have a set of

broad emission lines, while Seyfert 2 galaxies have narrow emission lines.

However, a minority class of Seyfert 1 with narrow emission lines (NLS1s) which

have been detected in recent observations [9] pointed to a considerable overlap

in spectral properties of the two classes of Seyfert galaxies [10]. In general, radio-

loud Seyfert galaxies are believed to harbor powerful relativistic jets, with extended

radio structures [11-14]. Thus, the new unified scheme of AGNs supposedly,

embraces these jetted Seyfert galaxies as young counterparts of traditional radio-

loud AGNs or instead a part of a larger AGN class observed under particular

geometry and inclinations of the line of sight [15].

The discovery of powerful  - ray emitting narrow-line Seyfert 1 (NLS1) galaxies

[9,16,17] and  - ray emitting compact steep spectrum sources (CSS) provides a

substantial evidence that jetted-AGNs are not formed by massive black holes alone

[18]; even low-mass AGNs with lower jet power can also launch relativistic jets

[16,19]. It has been pointed out [20] that the lack of small-mass jetted AGN in

the traditional radio-loud/radio-quiet AGN dichotomy was due to bright-source

selection bias. The relations between Eddington ratio and Eddington-scaled jet power

[21] divide jetted AGNs into two populations: one population comprises low-power

radio galaxies, low-excitation FR IIs (LERGs) and young radio sources, in which

their jet power dominates accretion power, while the other population is made up

of flat-spectrum radio quasars (FSRQ), NLS1s and high excitation FR II radio

galaxies (HERGs) in which accretion power dominates jet power. Padovani et al. [22]

pointed out that BL Lacs and FSRQs are jetted AGN, both belonging to blazar class,

and subsequently argued that the spectral energy distributions of blazars could serve

as representative of all jetted AGN sources. On the basis of different accretion modes;

weak accretion disc for BL Lacs, and strong disc for FSRQs [23,24], both hitherto

associated with FR 1s and FR 2s radio galaxies respectively, are presently being

accurately associated with FR (LERGs) and FR (HERGs) respectively [23-25].

Interestingly, Foschini [26] identified low-mass sources among FSRQ popu-

lation and argued that NLS1 galaxies are the most prominent AGNs in the low-

mass class using   2000HFWHM  km s-1, and the ratio between   3HOIII  .
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Berton et al., Foschini et al. [7,27] outlined some of the characteristic features

of NLS1 galaxies relative to quasars to include small-mass central black hole, high

accretion luminosity, prominent optical emission lines and relatively weak jet

power, consistent with [19] who showed via jet-disk luminosities that NLS1

galaxies are small-mass highly accreting compact objects whose physical charac-

teristics appear to be consistent with FSRQs.

The search for parent population of NLS1 sources revealed a connection with

Compact Steep Spectrum (CSS) sources that are characterized by signs of young

age [28] such as radio lobe structure of not more than 105 years, small linear size

and very fast variability [30]. Therefore, NLS1 radio galaxies might be young radio

sources that are still growing and evolving [28,29]. Although, there is still an

ongoing debate in the literature about the true nature of these NLS1s, there is

increasing evidence that NLS1s might be extreme objects on the evolutionary path

from radio-quiet Seyfert galaxies to radio-loud quasars [31] and as such, may be

low-mass analogues of high-redshift quasars [10,32-34]. In fact, Berton et al. [7]

pointed out that the radio-luminosity function of flat-spectrum NLS1 galaxies

suggest strongly that they might be the low-luminosity tail of FSRQs, suggesting

that there might be some forms of evolutionary link between radio-loud quasars

and NLS1s [31]. Furthermore, similarities between the nuclei of Seyfert galaxies

and radio-loud AGNs have often been pointed out [35-37] and numerous efforts

have been made to demonstrate a continuity in overall distributions of observed

properties of the jetted Seyfert galaxies and traditional radio-loud AGNs [33,38-

41]. In this regard, several authors [33,38] argued that in general, jetted Seyfert

galaxies, BL Lac objects and radio galaxies could share similar characteristics in

terms of jet luminosity-redshift ( zL ) relation, suggestive of similar underlying

environment. Thus, the shift in AGN evolutionary unification paradigm might be

from a small-mass highly accreting and low-redshift jetted Seyfert galaxies (analo-

gous of early quasars) through radio galaxies and moderate-mass highly accreting

radio-loud quasars to large-mass, poorly accreting black hole BL Lac objects - a

sequence of Young-Adult-Old scenario [42].

In lines with the predictions of the revised unified scheme for RL-AGN,

Berton et al. [14] investigated the different manifestations of young jetted AGNs

with a strong accretion disk and photon rich environments, and argued that when

the young object is observed along its relativistic jet, it appears as NLS1, but as

the inclination angle increases, the same object would appear as CSS or HERG.

However, when the same object is viewed along the line that intercept with the

molecular torus surrounding its nucleus, it then appears as a type-2 AGN in optical

band, and as a CSS in radio band. The scheme fits in nicely with the usual unified

model for older jetted-AGNs, in which HERGs form the parent population of

FSRQs [25]. In fact, Pei et al. [43] alluded to a possible unification of quasars
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with jetted Seyfert galaxies via relativistic beaming and source orientation as the authors

found that the radio core-dominance parameter is strongly correlated with luminosity

in a sample of quasars and Seyfert galaxies. Hence, the exercise to search for links

between jetted Seyfert galaxies and traditionally radio-loud AGNs is a worthy one and

is partly the motivation for current investigation. In this paper, we investigate these

effects using observed  - ray properties of a well-defined sample of jetted AGNs.

2. Theoretical modelling. Orientation based unified scheme (OUS) for

extragalactic radio sources is often studied at any frequency band   using an

important orientation parameters, namely, the core-to- extended luminosity ratio

expressed as a function of the viewing angle   in the form [44,45]:
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authors in the past to be quite consistent with the OUS for both high-luminosity

and low luminosity sources [46,47].
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In a two-component beaming model, the total spectral luminosity L  may be

expressed as a sum of the core- and extended components: EC LLL  . While

L
C
 is assumed to be relativistically beamed, L  is assumed to be isotropic [49].

Thus, following [45], the  - ray core-dominance parameter R  defined as the

ratio of the beamed to unbeamed luminosities can be expressed through equation

(1) as

. 1
EL

L
R


  (3)

Equation (3) above suggests that if L
E
 is isotropic, a correlation between R  and

L  is envisaged in  - ray emitting AGNs

However, the observed spectral luminosity L  of AGN is expected to depend

on its redshift z , due to luminosity selection effect/evolution and is related to

its spectral flux density S  according to the relation:
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where d
L
 is the luminosity distance which depends on the present Hubble constant

H
0
 and the present density parameter 0  according to the relation [50]:
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In flux limited sample with flux density cut-off at fSS  , equation (4) can be

written in the form [51]:
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Eq. (6) can be used to show a simple power law zL  relation [52] as

  , 1logloglog zLL c  (7)

where  zLL z   1logloglog  ,  and   is the slope of the zL z   ,  data.

However, for low density universe, it has been shown [51,53] that the slope of

the zL  relation   is not a constant over all values of z . In this scenario, 

is expected to decrease monotonically from   at 0z  down to some critical value,

c  at czz   and thereafter remains fairly constant. Thus, there should be a critical

luminosity L
c
 above which the sources would be detected as a function of z . This

should correspond to a given radio luminosity at czz  . Nevertheless, it has been

demonstrated observationally [52] and theoretically [53] that 30.zc   is consistent

with quasar/galaxy unification for popular radio source samples. In previous papers

[52,53], these effects were studied for various samples in the radio band. In this paper,

we extend the investigation to the  - ray band for jetted AGNs in the context of

the revised unification scheme.

3. Description of source sample. The current analysis is primarily based

on a catalogue of 661 extragalactic radio jets compiled by [11]. According to the

authors, a jet is a narrow radio feature that is at least four times as long as its

breath; separable from other extended structures by brightness contrast and aligned

with the radio nucleus of its parent object. From this catalogue, [44] made a sample

of 540 objects and calculated their 5 GHz radio core-dominance parameter R
R
.

However, it is well-known that many Seyfert galaxy samples are often

contaminated by spurious radio-loud objects [54,55]. As such, several objects

identified as Seyfert galaxies in the [44] compilation are known radio galaxies (for

example, 2121+248 and 0238-084 sources are known radio galaxies). Since studies

of this nature would require clean, bona-fide jetted AGN, this original sample
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cannot provide a good platform for testing the unification scheme of jetted AGN.

Nevertheless, this problem was palliated by [56], who by cross-correlating the [44]

sample with third Fermi Large Area Telescope (Fermi-LAT) catalogue, compiled

a sample of 80 gamma-ray emitting extragalactic radio jets from the [44]

compilation. These 80 jets include 44 quasars, 22 BL Lac objects, 11 radio galaxies

and 3 Seyfert galaxies. Arguably, most  - ray emitting AGNs are jetted sources

since the presence of powerful radio jets is of substantial importance for observing

a significant  - ray counterpart, even for misaligned sources [57]. Although flat-

spectrum radio quasars and BL Lac objects are still the dominant populations in

the Fermi LAT catalogues, there is a significant increase in the number of other

objects. From the fourth Fermi LAT AGN catalogue, [58] has made a new sample

of 1559 bona-fide  - ray emitting jetted AGN, which include 4 Seyfert galaxies

and 12 NLS1s. These objects were cross-correlated with a recent compilation by

[43], where relevant derived data are readily available. 3 of the 12 NLS1s do not

overlap with [43] and hence, do not have complete data and were excluded in

current investigation. Altogether, there are 93  - ray emitting jetted AGN with

complete relevant data for our investigation, namely 44 quasars, 22 BL Lacs, 11

radio galaxies, 7 Seyfert galaxies and 9 NLS1s.

Finally, we derive the  - ray core dominance parameter of all objects in the

sample using the empirical relations between it and radio core-dominance param-

eter given [45] by: logR
g
 = 2.1 logR

R
 + 1. Throughout the paper, we have adopted

the cosmology with H
0

 = 70 km s-1
 Mpc-1 and 10  m  ( 30.m  ;

70. ). For analyses in this paper, the degree of relationship between source

parameters is deduced by Pearson Product Moment correlation coefficient r using

PYTHON.

4. Data analysis and results. We show the distributions of the sample

in redshift z  in Fig.1a. There is considerable overlap in z  for different subsamples

of the extragalactic radio jets. The distributions yield mean z -values 061.~z jm
for quasars, 0.31 for BL Lacs, 0.47 for NLSIs, 0.18 for radio galaxies and 0.18

for Seyferts. Obviously, radio galaxies and Seyferts are almost indistinguishable in

distribution of z . On average, the distribution of z  is consistent with a sequence

in which quasars > NLS1 > BL Lacs > Radio galaxies/Seyfert galaxies. NLS1s

appear somewhat between radio quasars and Seyfert galaxies, suggestive that NLS1s

could be an evolutionary phase between the Seyfert galaxies and quasars [32].

Simple Kolmogorov-Smirnoff (K - S) test shows that at 5% significance, the

hypothesis that the underlying distributions of the subsamples in z  are same is

not rejected with probability (p > 0.08)) in each case, which suggests that the

distributions of the objects in the parameter is continuous for the different

subclasses of objects. The cumulative z -distribution curves are shown in Fig.1b.
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Similarly, the distribution of logarithmic values of the  - ray luminosity L

of the different subsamples of the jetted AGNs is shown in Fig.2a. Apparently, while

Seyferts and radio galaxies are almost indistinguishable, occupying the low L

regime, BL Lacs, NLS1 and quasars are displaced to higher L . Nevertheless, the

Seyfert galaxies are observed to extend to the lowest L  regime below the bounds

of radio galaxies in a continuous distribution. The distributions yield mean logL
m

values of 43.82 erg/s for Seyfert galaxies, 43.81 erg/s for radio galaxies, 46.98 erg/s for

quasars, 45.69 erg/s  for NLS1s, and 45.48 erg/s for BL Lacs. Thus, on average,

the L  distribution appears to be consistent with a sequence in which quasars

> BL Lacs > NLS1 > radio galaxies/Seyfert galaxies. Apparently, the distribution is

continuous from Seyfert/radio galaxies at lowest L  through NLS1 and BL Lacs

to quasars at highest L  regime. Similarly, we carried out K-S test on the L

data of NLS1 and Seyfert galaxies and at 5% significance, the hypothesis that

Fig.1. Distributions of the 93 gamma ray objects in redshift.
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the distribution of L  is same is rejected with 510 . On the other hand

K-S test on the L  data of NLS1 and quasars shows that at 5% significance,

the hypothesis that the distribution of L  is same is not rejected with 10.~ .

The probability of the K - S test between radio quasars and BL Lacs, as well as

between BL Lacs and NLS1 is 0~  at 5%. The cumulative distribution curves

of L  are also shown in Fig.2b.

Furthermore, we show the distributions of our sample in  - ray core domi-

nance parameter (on logarithm values) in Fig.3. The distributions yield mean

values R
m
 of 69.6 for quasars, 31.7 for BL Lacs, 780.4 for NLS1s, 0.1 for radio

galaxies and 1.5 for Seyfert galaxies. This nicely compares with mean values

obtained for radio core-dominance ~9.8, 4.1, 16.6, 0.5 and 0.98, for quasars, BL

Lacs, NLS1, radio galaxies and Seyfert galaxies, respectively, with some scaling

factors. A summary of the results of all distributions is shown in Table 1.

To estimate the mean cone angle for observing  - ray emission of the different

subclasses of the jetted AGNs, the choice of R
T
 plays a key role [46,47]. Although

the community consensus appears to favour a unification of BL Lacs and FR I

radio galaxies, the discovery of some FSRQs with very low energies [59,60] and

BL Lacs with high energies in  - ray band by the Fermi-LAT [9] appear to break

the simple dichotomy between traditional low and high luminosity sources and

suggests that BL Lacs and FSRQs are a continuum in distributions of observational

properties. R
T
 should thus be a constant for all classes of the AGN. In fact, several

authors [61] have argued that R
T

 < 0.1 is satisfied by most objects. Hence, using

R
T

 = 0.024, which appears to be consistent with the general unification of radio

loud AGNs across different frequency bands [45,49,61], we estimate the mean cone

angles for  - ray and radio emissions of each subsample using equation (2). A

summary of the results is also shown in Table 1.

In line with equation (1), the distribution of the cone angles of different

subsamples as shown in Table 1 seems to suggest that the difference between the

different subclasses of jetted AGN arises due to varying orientation of their

emission axes to the line of sight. Perhaps, orientation effect can be playing a

Objects Number z log L  erg/s R
g

R
r

ô
g

o ô
r

o

Quasars 44 1.06±0.01 46.98±0.02 69.6± 4.2 9.8±0.6 18.27 27.13
BL Lacs 22 0.31±0.01 45.48±0.05 31.7± 4.2 4.1±0.3 21.87 30.68
NLS1 9 0.47±0.03 45.69±0.09 780.4±13.2 16.6±2.1 12.84 24.50

Galaxies 11 0.18±0.04 43.81±0.13 0.1±0.5 0.5±0.1 59.54 44.77
Seyferts 7 0.18±0.04 43.82±0.08 1.5±3.2 1.0±0.2 36.87 39.65

Table1

DISTRIBUTION OF CONE ANGLES OF JETTED AGNs
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significant role in explaining the underlying connection between the subclasses of

jetted AGN.

To investigate the evolution of  - ray luminosity of the different subsamples

of the jetted AGNs the scatter plot of zL   data is shown in Fig.4. There is a

tight correlation (r > 0.7) for the entire sample taken together. Radio quasars

apparently occupy the highest zL   range. Although the NLS1s possess higher

luminosities and redshift than the Seyfert galaxies, their position in the plot is such

that they form the lower luminosity counterpart of the radio quasars. When the

different subclasses are considered separately, the following results were obtained:

  47451log015log .z.L  , with correlation coefficient r ~ 0.7, for quasars;

Fig.3. Distribution of gamma ray core-dominance parameter.
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  87441log181log .z.L  , with r ~ 0.9 for BL Lacs;   z.L 1log3710log

+43.23, with r ~ 0.8 for radio galaxies;   04431log12log .zL  , with r ~ 0.7

for Seyfert galaxies, and   02441log2810log .z.L  , with r ~ 0.8 for NLS1s.

These correlations suggest that the samples follow similar evolutionary track from

jetted Seyfert galaxies at lowest zL   regime, to quasars at highest zL   range.

To investigate the effects of relativistic beaming in the sample, the scatter plot

of  - ray core-dominance parameter R against  - ray luminosity of the different

subsamples is shown in Fig.5a. There is a somewhat positive trend in the gRL 
relation of the entire sample. Regression analysis of the data yields

739log420log .R.L g   with correlation coefficient r ~ +0.5. However, when

considered separately, the results are as follows: 7312log230log .R.L g   with

r ~ +0.1 for quasars; 7312log230log .R.L g   with r ~ 0.1 for BL Lacs;

9230log680log .R.L g   with r ~ +0.1 for radio galaxies; 7115log360log .R.L g 

with r ~ 0.2 for Seyfert galaxies and 4834log820log .R.L g   with r ~ 0.5 for

NLS1s. It is thus arguable from current analyses that NLS1s are more highly

beamed than quasars and BL Lacs.

To investigate the parent population of the highly beamed NLS1s, which

appears to be more relevant in recent investigations [43], we re-plotted the gRL 
data, excluding quasars and BL Lacs in Fig.5b. The scatter is substantially reduced

and there is a clear correlation with correlation coefficient 70.r  . Thus, the

RL   data of current sample suggests that relativistic beaming and orientation

effects may be necessary in explaining the underlying connection between NLS1s

and jetted Seyferts and/or radio galaxies. We interpret this result to mean that

the misaligned parent population of NLS1s could be found among Seyfert galaxies

and/or radio galaxies.

Fig.5: Scatter plot of  -ray luminosity against  -ray Core-dominance parameter of 93-jetted
AGN.
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5. Discussion. Seyfert galaxies present rich and multifaceted astrophysical

phenomena where emission and absorption lines provide diagnostics for compo-

sition of the surrounding torus. Only a small fraction of Seyfert galaxies are radio-

loud and exhibit core-jet radio structures. The detection of GeV gamma-ray

emitting radio-loud Seyfert galaxies, with a beamed relativistic jet in Fermi LAT

observations in 2008, was remarkable for AGN phenomena [9]. Thus, they could

be considered a distinct subclass of AGNs emitting GeV gamma-rays under

evolutionary and/or orientation interpretations.

We have shown in our results that the  - ray luminosity L  distribution of

the sample is continuous with jetted Seyfert galaxies somewhat occupying the

lowest L  regime while quasars occupy the highest L  regime of the distribution.

Since  - ray emission is strongly believed to originate from the jets, the lower

jet power of Seyfert galaxies is suggestive of a very weak accretion mode [26,7],

typical of young jetted sources [14]. It is interesting to observe that NLSIs possess

much higher luminosity (being up to 2 orders of magnitude more luminous in

the  - ray band) than the other jetted Seyfert galaxies. The result supports the

supposition that NLS1s are a distinct subclass of AGN and are the most prominent

AGNs in the low-mass class [26]. Perhaps, the high luminosity of NLS1 can

be interpreted in terms of strong relativistic beaming effect at small orientation

angles to the line of sight [12].

Another important aspect of our results is the high  - ray core-dominance

parameter exhibited by NLS1s in the sample. In fact, it has been argued that

the detection of extended radio emissions in  - ray-emitting NLS1s is of primary

importance for understanding the jet activities of the NLS1 class in the framework

of the unified scheme of jetted AGN since NLS1s with kpc-scale radio structures

exhibit a core with significantly higher luminosity than that of extended emissions

[12]. Nevertheless, three of the nine NLS1s, namely: PMN J0948+0022, FBQS

J1644+2619 and 1H 0323+342 are known to exhibit two-sided radio structures

at kpc scales  with high radio-core dominance parameter [12] comparable to those

of radio quasars. The popular physical explanation to the origin of the high core

dominance is relativistic Doppler boosting of the cores [49] and this suggests that

relativistic beaming is playing a significant role in NLS1s. It can thus be argued

that the low jet luminosity of Seyfert and radio galaxies could have arisen due

to their larger cone angles to the line of sight, leading to de-beamed jet luminosity

Perhaps, the  - ray emitting NLS1s are analogous to early (low z ) quasars whose

parent populations could be found among regular Seyfert or radio galaxy popu-

lations.

Actually, it can be argued from the distributions of the average cone angles

derived from current analysis that when the young object is observed along its

relativistic jet, it appears as NLS1, but as the inclination angle increases, the same
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object would appear as a Seyfert galaxy or a radio galaxy. The distributions of

average cone angles for the different subclasses of AGNs apparently show that in

the context of the revised unification scheme, NLS1s are observed at significantly

higher inclinations than Seyferts and radio galaxies. Perhaps, the very narrow

beam angle for observation of  - ray emission from NLS1s could account for the

yet small number of  - ray emitting NLS1s so far detected by the Fermi-LAT

[58]. On the other hand, the distributions of average viewing angles do not

apparently show that Seyfert galaxies are observed at significantly different incli-

nations from radio galaxies. Thus, current results suggest that orientation effect may

not be the major difference between Seyferts and radio galaxies and that relativistic

beaming is less important in these objects.

It is obvious from the distribution of the objects in z  that there is no tendency

for jetted Seyfert galaxies to be located at high redshifts, which is consistent with

the supposition that jetted Seyfert galaxies are nearby low-luminosity versions of

the same phenomenon observed in quasars. The low L  - low z  result for Seyfert

galaxies can be interpreted to mean that jetted Seyferts are young growing sources

[62]. If this is actually the case, then the evolutionary connection between jetted

Seyferts and quasars is suggested in which the  - ray source starts out at lowest

redshifts as Seyfert galaxy and evolves into a quasar as the source ages [15,42].

6. Conclusion. We have investigated the relationship between jetted Seyfert

galaxies and other subclasses of radio loud AGNs using observed  - ray properties

of a sample of jetted AGN. We showed from the distributions of  - ray luminosity

that jetted Seyfert galaxies form the low luminosity tail of traditionally radio loud

AGN which is consistent with the scenario that jetted Seyfert galaxies are young

growing objects. Furthermore, distributions of the objects on luminosity-redshift

(L- z ) plane shows that different subclasses of jetted AGN possess similar evolu-

tionary histories. In particular Seyfert galaxies and radio galaxies are located in

similar environments. NLS1 sources are, however, more evolved sources compared

to Seyfert galaxies. There is a significant RL   correlation (r ~ 0.7) in NLS1 objects,

which has been interpreted in terms of a connection via relativistic beaming and

orientation. In all subclasses of jetted AGN, the beam angle for radio on average,

is wider than that of  - ray emission, All these results suggest that in addition to

evolutionary link between jetted Seyfert galaxies and other radio loud AGNs,

relativistic beaming and orientation effects can also be playing a significant role.
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ÎÁ ÓÍÈÔÈÖÈÐÎÂÀÍÍÎÉ ÑÕÅÌÅ  -ÈÇËÓ×ÀÞÙÈÕ
ÀÊÒÈÂÍÛÕ ßÄÅÐ ÃÀËÀÊÒÈÊ ÑÎ ÑÒÐÓßÌÈ

À.È.ÀÓÄÓ1,2, Ô.Ê.ÎÄÎ1, Ý.Ó.ÈÈÄÀ1, Î.ÎÊÈÊÅ3, À.À.ÓÁÀ×ÓÊÂÓ1

Îòêðûòèå ñåéôåðòîâñêèõ ãàëàêòèê ñ ãàììà-èçëó÷åíèåì ïîçâîëèëî ïðåä-

ñòàâèòü íîâóþ óíèôèöèðîâàííóþ ñõåìó àêòèâíûõ ÿäåð ãàëàêòèê (ÀßÃ), â

êîòîðîé ñåéôåðòîâñêèå ãàëàêòèêè ñî ñòðóÿìè (äæåòû) ðàññìàòðèâàþòñÿ êàê

ìîëîäûå àíàëîãè ðàäèîãðîìêèõ ÀßÃ. Â ýòîé ñòàòüå èññëåäîâàíà âçàèìîñâÿçü

ìåæäó ñâîéñòâàìè ãàììà-èçëó÷åíèÿ ñåéôåðòîâñêèõ ãàëàêòèê ñî ñòðóÿìè  è

ñâîéñòâàìè ðàäèîãàëàêòèê, ðàäèîêâàçàðîâ è ëàöåðòèäîâ. Ðåçóëüòàòû ïîêà-

çûâàþò, ÷òî íà äèàãðàììå ñâåòèìîñòü - êðàñíîå ñìåùåíèå ( zL  ), ñåéôåð-

òîâñêèå ãàëàêòèêè ñî ñòðóÿìè âûãëÿäÿò êàê õâîñò íèçêîé ñâåòèìîñòè ðàäèî-

ãðîìêèõ àêòèâíûõ ÿäåð, ÷òî óêàçûâàåò íà ýâîëþöèîííóþ ñâÿçü ìåæäó íèìè.

Îäíàêî ñåéôåðòîâñêèå ãàëàêòèêè ñ óçêèìè ëèíèÿìè (NLS1) íå èìåþò ñõîæèõ

õàðàêòåðèñòèê ñ ñåéôåðòîâñêèìè ãàëàêòèêàìè, ïîñêîëüêó îíè îáëàäàþò áîëüøåé

ñâåòèìîñòüþ è êðàñíûì ñìåùåíèåì, ÷åì ñåéôåðòîâñêèå ãàëàêòèêè, ÷òî

ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî NLS1 ÿâëÿþòñÿ áîëåå ðàçâèòûìè èñòî÷íèêàìè.

Àíàëèç ïàðàìåòðîâ äîìèíèðîâàíèÿ ÿäeð (  -èçëó÷åíèÿ è ðàäèîèçëó÷åíèÿ)

ïîêàçûâàåò, ÷òî äëÿ êàæäîãî ïîäêëàññà AGN ñî ñòðóÿìè óãîë èçëó÷åíèÿ

øèðå äëÿ ðàäèîèçëó÷åíèÿ, ÷åì äëÿ  -èçëó÷åíèÿ. Â òî âðåìÿ êàê ñåéôåðòîâñêèå

ãàëàêòèêè è ðàäèîãàëàêòèêè â ñðåäíåì èìåþò îäèíàêîâîå ìàëîå íàêëîíåíèå

ê ëó÷ó çðåíèÿ, îáúåêòû NLS1 èìåþò îðèåíòàöèþ, àíàëîãè÷íóþ êâàçàðàì è

BL Lacs. Ñóùåñòâóåò çíà÷èìàÿ êîððåëÿöèÿ (r ~ 0.7) ìåæäó ïàðàìåòðîì

äîìèíèðîâàíèÿ ÿäðà  -èçëó÷åíèÿ è ñâåòèìîñòüþ  -èçëó÷åíèÿ. Ðåçóëüòàòû

ñîãëàñóþòñÿ ñ ïåðåñìîòðåííîé óíèôèöèðîâàííîé ñõåìîé è ïðåäïîëàãàþò, ÷òî

NLS1 ïðåäñòàâëÿþò ñîáîé ñèëüíûe ëó÷åâûå èñòî÷íèêè, ÷üè ðîäèòåëüñêèå

ïîïóëÿöèè ìîæíî íàéòè ñðåäè îáû÷íûõ ñåéôåðòîâñêèõ ãàëàêòèê è/èëè

ðàäèîãàëàêòèê.

Êëþ÷åâûå ñëîâà: ãàëàêòèêè: àêòèâíûå ãàëàêòèêè: ñåéôåðòû: äæåòû: ãàììà

     èçëó÷åíèå
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