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Abstract Active galactic nuclei (AGNs) can be divided into two majdasses, namely radio-loud and
radio-quiet AGNs. A small subset of the radio-loud AGNs ikezhblazars, which are believed to be unified
with Fanaroff-Riley type | and type Il (FRI&II) radio galaes. Following our previous work, we present a
latest sample of 966 sources with measured radio flux dessifithe core and extended components. The
sample includes 83 BL Lacs, 473 flat spectrum radio quas@isSgyferts, 245 galaxies, 52 FRIs&lIs and
12 unidentified sources. We then calculate the radio conehtince parameters and spectral indices and
study their relationship. Our analysis shows that the can@inance parameters and spectral indices are
quite different for different types of sources. We also aonfihat the correlation between core-dominance
parameter and radio spectral index extends over all theegsim a large sample presented.
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1 INTRODUCTION high and variable luminosity, high polarization and core-

dominated nonthermal continua etc. (see Abdo et al. 2010;
Active galactic nuclei (AGNs) are interesting and attrac-g5, 2005; Romero et al. 2002; Yang et al. 2018a,b; Fan
tive extragalactic sources. However, understanding thesg g1 2016; Pei et al. 2019a,b). These extreme observation-
objects requires extensive knowledge in many different ary| properties are believed to be produced by the relativisti
eas: accretion disks, the physics of dust and ionized 9aBoppler beaming effect on account of a quite small view-

astronomical spectroscopy, star formation, and the cosm@yg angle between the relativistic jet and the line of sight
logical evolution of galaxies and supermassive black h0|e§Urry & Padovani 1995).

The gravitational potential of the supermassive black hole
at the center of AGNs is believed to be the ultimate energ;gub

0 . classes of blazars, namely a flat spectrum radio quasar
source of the AGNs. Roughly, 85% are radl(}ggl}?zt AGNS’(FSRQ) and a BL Lacertae object (BL Lac), with the for-

with radio loudness ratio defined @ = log 7 . < merdisplaying strong emission line features and the lat-

2500A i iSSi i
1.0 and the remaining- 15% are radio-loud AGN's (Fan ter showing very weak or no emission line at all. The two

2005), which have relative strong radio emissions by COn_subclasses share many similar observational properttes bu

SO . . . o . their difference in emission lines cannot be ignored. Fan
tradistinguishing with their optical emissions and it is be (2003) found that the intrinsic rafi hich is defined as
lieved to host relativistic jets launched from the central u NS i, which i '

black hole (Urry & Padovani 1995). the comoving Ium|.n03|ty in the jet to t.he unbeamed lumi
. nosity, in BL Lacs is greater than that in FSRQs. The stan-
Blazars, which are an extreme subclass of AGNs .
. . . ) . . dard model of AGNSs foretells that the Fanaroff-Riley type
are characterized by superluminal motions in their radi

L X (1 radio galaxies (hereafter FRIS) are the same parent pop-
components, broadband emissions (radio throyghy), ulation of BL Lacs while the parent population of FSRQs

* Corresponding author are Fanaroff-Riley type Il radio galaxies (hereafter FRIls
** Corresponding author (Fanaroff & Riley 1974; Urry & Padovani 1995; Fan et al.

Based on the observational properties, there are two
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2011; Pei et al. 2019a). However, the nature of the centraklated correlation analysis (Pei et al. 2019a). We obthine
engine of blazars and other classes of AGNs is still an opesimilar conclusions to Fan et al. (2011).
problem. In this work, following Fan et al. (2011) and Pei
R . . et al. (2019a), we collect a new sample of radio sources,
In a relativistic beaming model, the emissions are . . : !
which are neither included in Fan et al. (2011) nor
composed of two components (Urry & Shafer 1984),. .
in Pei et al. (2019a). In total, 966 AGNs are short-
namely, the beamed and the unbeamed components, Or :
. . isted by cross checking. We then calculate the core-
core boosted and isotropic extended components. The ohQ-
served total emission$°P, is the sum of the beamed,

S°b and unbeamedi..; emission, then we havg®® =

ominance parameters and radio spectral indices, and
probe their correlation. We enlarge the AGN sample
gin regarding to the available core-dominance parameter-
= (1 + f9P)Sexs, Wheref = =22 defined s log R and further discuss and re-examine the conclu-
by the intrinsic flux density in the jet to the extend flux SIONS drawn in our previous work. Our data are taken
density in the co-moving framé® _ is the de-beamed e- TOM the NASA/IPAC EXTRAGALACTIC DATABASE,
mission in the co-moving framé,is a Doppler factor, and S/MBAD Astronomical Databaseand Roma BZCATY,
pis depended on the geometrical structure ofjet, a +2 from these, we ca_\lculate the core-doml_nance_parametgr-
orp = a + 3 refers for a continuous or a moving sphereS and spectral indices of 966 sources with available radio
data. In Section 2, we will present the results. Some discus-

jet, respectively, and: is the spectral indexs, o v=%). i X , :
The ratio,R, of the two components is the core-dominanceSiONs are givenin Section 3. We then conclude and summa-

parameter (Orr & Browne 1982). Some authors adopt th&Z€ Our findings in the final section. .

ratio of flux densities, while others use the ratio of lumi-  Throughout this paper, without loss of generality, we
nosities to quantify the parameter, namey= Seore/Sext take ACDM model, withQ, ~ 0.73, Q) ~ 0.27, and

Of R = Leore/ Lext, WhEreSeore O Leoye Stands for core  Ho =73 kms™! Mpe™.

emissions whileS.,; or L. for extended emissions (see

Fan & Zhang 2003; Fan et al. 2011; Pei et al. 2016, 20192 SAMPLE AND CALCULATIONS

and references therein).

core’

Sext + SOb

core

To calculate the radio core-dominance parameter and dis-

After the launching ofFermi Large Area Telescope cuss its property, we compiled a list of relevant data from
(LAT), many sources have been detected to be high energfie literature. As a rule, the observations are performed
y-ray emitters. This provides us with an excellent oppor-at different frequencies by various authors and studies.
tunity to probe they-ray mechanism and extreme prop- Nevertheless, most of these data are at 5 GHz, we there-
erties of AGNs. Based on the first eight years of sciencgore convert the data given in the literature at other fre-
data from theFermi Gamma-ray Space Telescope mis-quenciesi), to 5 GHz by taking the assumption that (Fan
sion, the latest catalog, 4FGL, the fouR#rmi Large Area et al. 2011; Pei et al. 2016, 2019a)
Telescope catalog of high-energyray sources, has been
released, which includes 5098 sources above in the signif- §5CHz — grobs g5 GHz _ griobs(_
icance of4o, covering from 50 MeVW-1 TeV range (The 5GHz
Fermi-LAT collaboration 2019a,b). AGNs occupy the vastthe flux densities are then K-corrected, and the core-
majority in 4FGL, which 3009 AGNs are included. It com- dominance parameters are finally calculated by using the
prises 2938 blazars, 38 radio galaxies and 33 other AGNgquation
The blazar sample includes 681 FSRQs, 1102 BL Lacs
and 1152 blazar candidates of unknown type (BCUs) (The R— (@)(1 ) @eoreQext )
Fermi-LAT collaboration 2019a). Sext

), (1)

In 2011, we compiled a sample of 1223 extragalacin our calculation, we adopteg..; (or aua,) = 0.75 and
tic radio sources and calculated their core-dominance paxcore (Or ;) = 0 (Fan et al. 2011; Pei et al. 2019a). For
rameterslpg R) and radio spectral indicea). We made those data given in luminosities, we calculated the core-
the cqmparison ofog R among BL Lacs, FSRQs, Seyfert. dominance parameter dsg R — log Leore and some
galaxies and normal galaxies, FRIs and FRIIs, and partic-
ularly, we found this parameter of blazars is on averag
higher than that of the other subclasses of AGNs. The o . o
we investigated the correlation betwdeg R andagr (Fan sc;] calc;lat.e thel '“m'”o.f ity dbyt adoptlglg}- — d47TdLSf
et al. 2011). Previously, we collected a larger catalog cont/N€Te dL 1S a fuminosily distance, define as, =
tained 2400 radio sources with available _core-c_iomlnance 1 http:// ned. i pac. cal t ech. edu/ f or ms/ bynane. ht m
parameters, and those sources were not listed in Fan et al.2 wt ¢ p: // si nbad. u- st rasbg. fr/ si nbad/
(2011). We also discussed the core-dominated AGNs and 2 http: //ww. asdc. asi . i t/bzcat/

t
f them where luminosities that we traﬁsform, if neces-
gary, at 5 GHz. For data given in flux densities, we al-
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142z . . 3
1 . 11 _
(1+ 2) ¢ dz. In our sample, Seyfert galaxies and galaxigs= 7.04 x 107" (dmax

Hy J4 Qv +1 - Qu 0.52) for galaxies and FRI&Il galaxies. Regarding to
the sources are mainly obtained at 5 GHz and 1.4 GHplazars and non-blazars, we obtain= 5.41 x 1073
from the literature, we then calculated the spectral inglice (4,,,, = 0.41) (see Table 2). Therefore, we found that
a wheresS, oc v~ If a source has no measured redshift,the average core-dominance parameters for the sources
then the average value of the corresponding group wagliow the relation: (log R)|pLrac > (log R)|rsrq >
adopted, only to be used to calculate the core-dominancog R)|seyters > (log R)|Gataxy > (log R)|rricr- Using

parameters and luminosities. We evaluate the characterighe core-dominance parameter, blazars appear to be the
tics of 966 sources and checked their identification accordmost core-dominated population of AGNs.

ing to NED, Roma BZCAT and 4FGL dfermi/LAT. First, We are able to evaluate 926 sources for their radio
those sources that have no identification in NED are lagpectral indicesd(r) in our whole sample, with an average

beled as “unidentified.” In addition, we have six sources invajye of(ag )| ota = 0.41+0.55 in the range from-1.51
our catalog are classified as BCUs (blazar candidates of Uy 2 53. Besides{ar)|pL, Lac = 0.19 + 0.44 for BL Lacs;
known type), which are 0829+275, 1111+4820, 1241+735<OLR>|FSRQ = 0.21 £ 0.43 for FSRQS; (aR)|seyfert =
1325-558, 1646-506, 1716-496. We also include them ( 7710.66for Seyfert galaxiesiar )| Gataxy = 0.6040.50
into sources labeled as “unidentified.” for galaxies;(ar)|rrigms = 1.03 & 0.35 for FR | & II

Our literature survey found 966 extragalactic radiogajaxies;(ag )|y = 0.19 + 0.75 for unidentified sources
sources, Whic_h comprise of 83 BL Lacs, 473 FSRQs_, 10Bnd(ar) |Blagar = 0.20 + 0.44 for blazars (see Table 3).
Seyfert galaxies, 52 FRI& FRIIs, 245 other galaxies Figure 2 displays the distribution of radio spectral in-
with neither Seyfert nor FRI& FRIIs galaxies (hereatfter, dex,ar (a) and the cumulative probability (b) for all the
“galaxy”), and 12 unidentified sources. To obtain the corepclasses.

flux, Score, We seek through a large number of references By adopting the K-S test, we obtain the following re-
and databases indicating to the core emissions, crossche&lﬂts.p — 1%(d — 0.20) for BL Lacs and FSRQs;

these sources with the catalog given by Fan et al. (20111) — 6.57 x 102! (dyax — 0.39) for FSRQs and galaxies;

_and Peietal. (2019a), an_d choose those that were not I|st%d: 8.95 % 10~* (dymax — 0.23) for galaxies and Seyfert

in Fan et al. (2011) or Pei et al. (2019a). We then CaICUIat%aIaxieS'p — 163 x 107 (d — 0.44) for Seyfert
Ll - N max .

their core-dominance parameters using Equation (2). galaxies and FRI&II type galaxies apd= 1.27 x 10~

The data and their corresponding references are shOV\(Q — 0.47) for blazars and non-blazars (see Table 2)
in Table 1. The complete Table for the whole sample is We are able to find that the average radio spectral in-

attached as an online material of this paper. dices for all the sources follow a trenéan) [rrigr >
3 RESULTS (ar)lseytert > (aR)|Galaxy > (ar)|Fsrq > (ar)|BL Lac,
which is basically opposite to the trendlisy R.

For the whole sample, we can calculate the average val- Through the K-S tests, we found that the distributions
ue for the core-dominance parametdrs; (®). We found  of log R andag in the various subclasses are almost sig-
thatlog R is in the range from-3.74 to 3.43 with an av-  nificantly different, indicating that there are many differ
erage value oflog R)|tota1 = —0.06 £ 1.09 for all the  entintrinsic properties among all the subclasses. However
966 sources. If we take the subclasses into account, we obensidering the BL Lacs versus FSRQs with regardto

tain that, correspondinglylog R)|pr.Lac = 0.80 4 0.90  the result from K-S test demonstrates that there is no sig-
for 83 BLLacs; (log R)|rsrq = 0.15 + 0.79 for 473  nificant difference (with chance probability 601 x 10~?
FSRQs;(log R)|seytert = —0.09 4= 0.71 for 101 Seyfert for log R and of 1% forar), which implies that, as the t-

galaxies;(log R)|Galaxy = —0.35 & 1.29 for 245 galax- ~wo subclasses of blazars, they hold some similar immanent
ies; (log R)|rrienn = —1.8540.91 for 52 FR type | and ~ properties.

Il radio galaxies andlog R)|y = —0.33 + 1.34 for 12 u- For the radio core luminosityog Leore (W-Hz™1),
nidentified sources. Thus, for 563 blazars in our sample, alfom 19.04 to 28.33 with an average value of
average value oflog R)|Blazar = 0.25 £ 0.84 is obtained  (log Leore)|Totat = 24.69 + 1.83 and a median of
accordingly (see Table 3). 25.04 for the whole sample; from 20.81 to 27.81 with an

Figure 1 shows the distribution of core-dominanceaverage value oflog Lcore) |BL Lac = 25.34 + 1.40 and a
parameterlog R (a) and the cumulative probability (b) median of 25.39 for BL Lacs; from 20.22 to 28.33 with an
for all the subclasses of our sample. A Kolmogorov-average value oflog Leore)|rsrq = 25.64 = 1.17 and a
Smirnov test (hereafter K-S test) rejects the hypothesimedian of 25.58 for FSRQs; from 19.32 to 26.64 with an
that BL Lacs and quasars have the same parent distrib@verage value oflog Lcore)|seytert = 22.30 £ 1.87 and a
tion atp = 1.01 x 1073 (dmax = 0.46). Likewise, we  median of 21.61 for Seyferts; from 19.04 to 26.98 with an
havep = 5.63 x 107® (dmax = 0.32) for FSRQs and average value oflog Leore)|galaxy = 23.67 + 1.61 and a
Seyfert galaxiesp = 2.90 x 1076 (dn.x = 0.30) for  median of 23.67 for galaxies; from 20.75 to 27.05 with an
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Tablel Sample for the Whole Sources

Name Class z V1 Scorc Scxt SlTOtal Ref. log R 129} S2T°ta‘1 «

@ &) ® @& 6 (6) @) (8) 9 @10 @A 12
105143911 BLLac 1372 5.0 72 0.42 72.42 Chel5 1.95 1.4 72.34.01 0
1429+400 FSRQ 0.276 5.0 118 8.14 126.14  Chelb 1.08 1.4 219 3 04
0122+015 Seyfert 1559 5.0 47.2 88.66 135.86 Manl5 -0.58 1.4194 0.28

1117+592 G 0.159 5.0 480 48.96 53.76 Manl5 -1.06 1.4 912 204
0930+369 FRII 2395 5.0 0.29 79.61 70.90 Drol2 -278 1.4 1284.1.09

0829+275 U 0.510 5.0 116 4465 160.65 Brolb5 0.28 1.4 126.5 19-0.

In this Table, Col. (1) gives the source names; Col. (2) dfiaation (BL Lac: BL Lacertae object; FSRQ: flat spectrumicad
quasar; Seyfert: Seyfert galaxy; G: galaxy; FRI&II: FarfaRiley type | or Il radio galaxy; U: unidentified source€)pl. (3)
redshift,z; Col. (4) frequency in GHz for emission; Col. (5) core-eriogasn mJy; Col. (6) extended emission in mJy; Col. (7)
total emission in mJy; Col. (8) references for Col. (5), G6). and Col. (7); Col. (9) core-dominance parameter at 5 GHz,
log R; Col. (10) frequency in Ghz; Col. (11) total emission in mdgta in Col. (10) and Col. (11) are from NED; Col. (12) the
radio spectral indexar (S, o v~ *R). Data in this table are taken from Bal08: Balmaverde et 8082; Boc16: Bock et al.
(2016); Bri94: Bridle et al. (1994); Brol15: Brotherton et@015); CBO7: Capetti & Balmaverde (2007); Cegtl3: Cegtiow

et al. (2013); Chel5: Chen et al. (2015); Drol12: Drouart e{2012); Gio88: Giovannini et al. (1988); Han09: Hancock
et al. (2009); JLG95: Johnson et al. (1995); Kel89: Kellenmat al. (1989); Kral7: Kravchenko et al. (2017); Lai83:rgi

et al. (1983); LP95: Leahy & Perley (1995); LPR92: Liu et dl992); LPG02: Landt et al. (2002); Liu09: Liuzzo et al.
(2009); Liul0: Liuzzo et al. (2010); Liul8: Liu et al. (2018flan15: Mantovani et al. (2015); MA16: Marin & Antonucci
(2016); Mul18: Muller et al. (2018); NRH95: Neff et al. (29); OCU17: Odo et al. (2017); PT91: Perley & Taylor (1991);
Raw90: Rawlings et al. (1990); RL15: Richards & Lister (2)10s06: Rossetti et al. (2006); Sar97: Saripalli et al97)9
Smil6: Smith et al. (2016); Yul5: Yu et al. (2015) and Yual8aiY et al. (2018). The complete table for the whole sample is
onlinewww. r aa- j our nal . or g/ docs/ Supp/ n84470t abl el. t xt .

Table2 Statistical Results for Core-dominance Paraméter R) in the Whole Sample

Sample: A-B Na Np dmax D
1) (2 3 (G) (5)
log R BL Lac—FSRQ 83 473 046  1.01x 1073
FSRQ-Seyfert 83 101 0.32 5.63 x 10~8
Seyfert-Galaxy 101 245 0.30 2.90 x 1076
Galaxy—FRI&II 245 52 0.52 7.04 x 10~11
Blazar—non-Blazar 563 403 041 541 x1073°
ar BL Lac—FSRQ 80 454 0.20 1%

FSRQ-Galaxy 454 234 039  6.57x 10721
Galaxy—Seyfert 234 95 0.23 8.95 x 10~4
Seyfert-FRI&II 95 52 0.44 1.63 x 10~6

Blazar— non-Blazar 541 385 047 127 x10~*

In this Table, Col. (1) gives the objects of two samples; @).numbers of former one;
Col. (3) numbers of latter one; Col. (4) maximum distancevas values and Col. (5)
chance probability from K-S test.

average value oflog Leore) |FR1&1s = 24.14+£1.40anda 4 DISCUSSION

median of 24.27 for FRI&IIs (also see Table 3). . ) )
From the previous studies, the core-dominance parameter,

R, can act the role of the proxy of Doppler beaming effect

On the other hand, for the radio extended lumi-and the orientation indicator of the jet (Urry & Padovani
nosity log Lex (W-Hz™!), we obtained that from 19.21 1995; Fan 2003),

to 28.57 with an average value dfog Lext)|Total =

2462 + 1.88 and a median of 24.80 for all the R(¢) = fy "[(1— Bcosh) "+ (1+ Bcosh) "],
sources; from 19.41 to 28.02 with an average value of (3)
(log Lext)|BL1Lac = 24.44 £+ 1.82 and a median of 24.52
for BL Lacs; from 19.50 to 28.57 with an average value of
(log Lext)|Fsrq = 25.31 &+ 1.35 and a median of 25.19 2003), ¢ the viewing angle,y the Lorentz factory =

for FSRQs; from 19.21 to 27.22 with an average value of 1 — 3?)~1/2, 3 the relativistic bulk velocitys = v/c, a

(10g Lext)|seyfert = 22.35 £ 1.88 and a median of 21.63 the radio spectral index anddepends on the shape of the
for Seyferts; from 19.65 to 27.87 with an average value ofmitted spectrum and the physical detail of thesjet: 2

(10g Lext) |galaxy = 23.96 & 1.85 and a median of 24.18 for continuous jet and = 3 for blobs.

for galaxies; from 21.54 to 27.84 with an average value of  In the radio beaming model, it was assumed that the
(log Lext)|rri&11s = 25.97 + 1.38 and a median of 26.36 ratio of the beamed radio emission in the transverse di-
for FRI&IIs (also see Table 3). rection, to the extended one is a constant (Orr & Browne

where f is the intrinsic ratio,f = %Om (Fan & Zhang
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Fig.1 Distribution of core-dominance parametirg R (a) and the cumulative probability (b) for the whole sampiethis plot,
magenta solid line refers for BL Lacsyed dashed line for FSRQs 0range dotted line for Seyferts blue dash-dotted line for galaxies,
green dash-dot-dotted line for FRIs&IIs andblack short dashed line for unidentified sources, respectively.
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Fig. 2 Distribution of radio spectral indexyr (a) and the cumulative probability (b) for the whole sampiethis plot, the representa-
tions for all sources are the same as Fig. 1.

Table 3 Average Values for the Whole Sample

Sample N (log R) (ar) (log Leore) (log Lext)
(W-Hz—1) (W-Hz—1)
Total 966 —0.06+1.09 0.41+0.55 24.69+1.83 24.62+ 1.88
BL Lac 83 0.80 + 0.90 0.19+0.44 25.344+1.40 24.44+1.82

FSRQ 473  0.15£0.79 0.21 £0.43 25.644+1.17 25.31£1.35
Seyfert 101 —-0.094+1.40 0.774+0.66 22.30+£1.87 22.35+1.88
Galaxy 245 —-0.35£1.29 0.60+0.50 23.67+1.61 23.9641.85
FRI&II 52 —1.854+0.91 1.034+0.35 24.14+1.40 25.97+1.38

Unidentified 12 —-0.33+1.34 0.19+£0.75 e e
Blazar 563 0.25+0.84 0.20 + 0.44

1982). Browne & Murphy (1987) applied this idea to the whereca,, is the spectral index of the beamed X-ray emis-
X-ray luminosity and assumed that the transverse beamegion. The relation betweeR and 3 cos can be derived
X-ray luminosity is also proportional to the extended onefrom

and proposed a parametgr(5, 6); namely, X-ray beam- 1

ing factor, defined as (also see Fan et al. 2005) R = RT§[(1 — Bcosf) %+ (1+ Bcosh)"?], (5)

1 - «@ — «@
9:(8,0) = 5[(1-Fcos) (Free) 4 (14B8c0s0)" )], \yhich is valid for flat-spectrum radio AGNs. Herr
(4) is the radio at transverse orientation and Orr & Browne
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Fig. 3 Plot of the extended luminositydg L.x:) against the core Fig.5 Plot of the radio spectral indexyr, against the core-
luminosity (og Leore) for the whole sample. Linear fitting gives dominance parameteng R, for the whole sample. In this plot,
thatlog Lext = (0.84 £ 0.02) log Leore + (3.82 £ 0.47) (r = all representations of labels are the same as Fig. 3. Curvgifik
0.82,p ~ 0). In this plot,magenta O represents for BL Laged solid line corresponds to the derived fitting for all the sources as
A for FSRQ,orange sy for Seyfert,blue < for galaxy,green > Qcore (OF aj)= —0.01 andaext (OF aunb)= 0.83, curve 2 invio-

for FRI & FRIl andblack x for unidentified sources. let dashed line corresponds to the derived fitting for all the blazars
aScore = —0.07 andaext = 0.59.
30 T T T T T T T
N iy dication of beaming effect. We use the extended luminos-
28 ; Sam s ity at 5 GHz,log Ley in units of WHz~ !, to study the
= 7 i relationship between the beaming effect and unbeamed e-
T mission. Here, we K-corrected the flux densities, and then
524 L calculate the luminosity by, = 47d? S,,, wheredy, is the
3 luminosity distance in the unit of Mpc. We obtain the rela-
Pt RS tion thatlog Lext = (0.8420.02) 10g Leore +(3.8240.47)
ﬁﬂg;%giﬂj : %q, © with a correlation coefficient = 0.82 and a chance prob-
or < I VR T da ] ability of p ~ 0 for the whole sample as shown in Figure 3,
e L which shows that the extended luminosity L. increas-

es with increasing core luminosityg L .ore.
Adopting the two-component model, the core-
dominance parameteR = Lcore/Lext, Can be expressed

Fig.4 Plot of the extended luminositydg L.x:) against the core- by

dominance parametdog R) for the whole sample. Linear fitting L + L Liotal

demonstrates thaibg Ly = —(0.69 & 0.05) log R + (24.58 + 14 R = o T Zext _ Ztotal (6)
0.06) (r = —0.40,p ~ 0). In this plot, all representations of Lext Lext

labels are the same as Fig. 3. If we take the assumption that the total luminosity of

our compiled sampl€,ota1 = Leore + Lext, IS @ CONStant,
(1982) obtained a value fdky of 0.0024 from numerical then we should expect th&t+ 1 is anti-correlated td.q:
fitting. when R is much larger than unity, and there is no corre-
Consequently, one can expect that the X-ray beamin{ftion between? and L. when R is much smaller than
factor for a sourcey,(3,6), can be obtained if the core- unity (Fan et al. 2011; Pei et al. 2019a). A correlation be-
dominance parameter is given. TherefaReis a good s- tween core-dominance parameter and extended luminosity

tatistical measure and indicator of the relativistic bezgni is found for the whole sample (Fig. 4), which displays that

effect. log Lext = —(0.69 4= 0.05) log R + (24.58 £ 0.06) with a
correlation coefficient = —0.40 and a chance probability
4.1 Correlation Analysis of p ~ 0. In this plot, the representations of all symbols are

the same as in Figure 3. This correlation implies that a low-
We now turn our attention to linear correlation betweener extended luminosity source has a larger core-dominance
the extended and core luminosity. In the two-componenparameterR, showing either a largé¢ or a larged since
beaming model, the core emission is supposed to be thR « fJP (Ghisellini et al. 1993).
beamed component and the extended emission to be the This correlation is perhaps due to an evolutionary re-
unbeamed one. Because the core-dominance parameter cauit. If the “young” AGNs have a powerful unremitting ac-
take the indication of orientation, thltsg R is also the in-  tivity in the core or beamed component but the extended
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radiation has not yet had the enough time to accumulatdor the spectral index to depend on the core-dominance pa-
then those “young” sources have weak extended emissiaiameter is probably due to the relativistic beaming effect
but strong beamed emission, resulting in a ldegeR (Fan  and our fitting results imply that different subclasses show
etal. 2011). different degrees of relevance with regard to the beaming
effect.

In this paper, following Fan et al. (2011) and Pei
etal. (2019a), we obtain thiig R|pr, 1.ac > log R|rsrq >

log R|seytert > 10g R|Galaxy > log R|prigrrir averagely,
Based on the two component-model (Urry & Shafer 1984)and also roughly consistent with the distributions of their

Fan et al. (2010) obtained a significative correlation bebeaming factor values (e.g., Jorstad et al. 2005: Richards &
tween core-dominance parametrand radio spectralin- | ;1o 2015; Sun et al. 2015; Xue et al. 2017). For the cir-
dex,ar cumstances ofig, we have a similar conclusion, on aver-
ageaaR|Blazar < aR|Seyfert/Galaxy < O‘R|FRI&FRIL which

is in accordance with our previous study (see Fan et al.
2011; Peietal. 2019a).

4.2 Correlation between Core-dominance Par ameter
and Radio Spectral Index

T D ore T p“exts 7
TR T TR @
whereayotal, acore @Ndaeyy Stand for total, core and ex-
tended components of radio spectral index, respec- For the blazars in our current sample, we also found
tively. We take the spectral index) that we calculated that the relation(log R)[pr.rac > (log R)|rsrq holds,
above is equal to the total component of spectral index fowhich is semblable with the results drawn in Fan et al.
the sources, that isys = aorar Under our consideration, (2011) and Pei et al. (2019a). However, this result does
We adopt this relationship to our sample and study the cof0t indicate that the beaming effect on BL Lacs is stronger
relation between core-dominance paramater? and the ~ than FSRQs. Fan (2003) studied the intrinsic rgftide-
total radio spectral index o1, and obtain the theoreti- fined in Equation (3), and found thaf,of BL Lacs is on

cal derived fitting results oficore aNdaey by minimizing ~ average higher than FSRQs, suggesting that the emissions
Ylototal — GeoreR/ (14 R) + crex (1 + R))? (also see Fan from the jet are more dominant of BL Lacs from the un-

etal. 2011; Pei et al. 2019a). beamed line emissions compared with FSRQs. This result

The core-dominance parameters and radio spectral iffn @lso explain the differences in line emissions and po-
dices from Table 1 are plotted in Figure 5. When we adoplarizations between BL Lacs and FSRQs (Fan 2003).

Qtotal =

t the above correlation in this current samplg,,. =
—0.01 £ 0.03 and ey = 0.83 & 0.03 are obtained with
a chance probability gp ~ 0 (x? = 0.23, R? = 0.24).

Although many researchers have studied the unifica-
tion model for BL Lacs~ FRIs and quasars FRIls (e.g.,
Urry etal. 1991; Xie et al. 1993; Ubachukwu & Chukwude

The fitting result is shown in Curve 1 in Figure 5. If we 2002; Odo & Ubachukwu 2013; Xue et al. 2017), they all
only consider the blazars, the derived fitting gives thaproposed that BL Lacs are unified with FRIs while quasars
Qeore = —0.07 £ 0.03 and aext = 0.59 + 0.04 with a  should be unified with FRIIs. Similar results are also ob-
chance probability op ~ 0 (x> = 0.16, R? = 0.16) tained based on infrared (Fan et al. 1997) and X-ray stud-
(see Curve 2 in Fig. 5). These derived results are consi¢es (Wang et al. 2006). In the popular unification scenario
tent with the general consideration taking,.. = 0 and by the relativistic beaming effect, BL Lacs are believed to
aext = 0.75 (Fan et al. 2011, also see Pei et al. 2016be the beamed counterparts of FRI radio galaxies, while
2019a). quasars are believed to be the beamed counterparts of FRII
When we consider the subclasses separately, we cafdio galaxies (Urry & Padovani 1995). However, we only
obtain a plot of the spectral index against the corehave 32 FR type | radio galaxies and 20 type Il galaxies in
dominance parameter as shown in Figure 6 (a) to (d) fopur latest sample, thus we do not proceed with this unified
BL Lacs, FSRQs, Seyfert galaxies and galaxies, respectivécheme. The related studies can be seen our previous work
ly. The derived fitting results give that,.. = 0.03+0.06  (Fan etal. 2011, Pei et al. 2019a).
and aey = 0.66 + 0.14 with a chance probability of The correlation between the core-dominance parame-
p = 2.00 x 107% (x®> = 0.01, R? = 0.13) for BLLacs, ter R and radio spectral indexg and extragalactic radio
Qcore = —0.09 £ 0.04 and aoxy = 0.60 + 0.04 with a  sources is a significant study. Fan et al. (2011) and Pei et al.
chance probability op ~ 0 (x? = 0.16, R?2 = 0.17) for ~ (2019a) calculated the core-dominance parameters and the
FSRQOs,0core = 0.55 £ 0.15 and aiexy = 0.98 4+ 0.14 radio spectral indices for the compiled samples, and gave
with a chance probability op = 1.23 x 107'2 (x> = the relationship betweenandlog R, indicating thaixg is
0.43, R? = 0.02) for Seyferts,acore = 0.22 = 0.06  associated withog R. We also suggest that the relativistic
and ae.y = 0.85 £+ 0.04 with a chance probability of beaming effect may result in an association between spec-
p =~ 0(x% = 0.19, R? = 0.21) for galaxies, respectively. tral index and core-dominance parameter for extragalactic
However, for FRIs and FRIIs, we cannot get an approprisources in radio emission (also see Pei et al. 2016). In the
ate fitting. All results are given in Table 4. The tendencytwo-component beaming model, the relative prominence
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Fig.6 Plot of the radio spectral index;r, against the core-dominance parametey,R, for BL Lacs (a), FSRQs (b), Seyfert galaxies
(c) and galaxies (d). The derived fitting correspondsv{er. (Or oj)= 0.03 and cext (O aunp)= 0.66 for BL Lacs (a),acore (OF
aj)= —0.09 andaext (OF aunp)= 0.60 for FSRQS (b) core (OF j)= 0.55 andaext (OF aunp)= 0.98 for Seyferts (¢) andvcore (OF
a;)= 0.22 andaext (Or arunn)= 0.85 for galaxies (d), respectively.

Table4 The Derived Fitting Results for Radio Spectral Index Agadsre-dominance Parameter for the Whole Sample

2

RZ

Sample Qlcore Qext X p

Total  —0.014+0.03 0.834+0.03 023 0.24 ~0
BLLac  0.03+0.06 0.66+0.14 0.17 0.13 2.00 x 10~
FSRQ —0.09+0.04 0.60+0.04 0.16 0.17 ~0
Blazar —0.07+0.03 0.595+0.04 0.16 0.16 ~0
Seyfert  0.55 +0.15 0.98+0.14 043 0.02 1.23x 1012
Galaxy  0.22 +0.06 0.85+0.04 019 021 ~0
FRI&II

Table5 Comparison of Statistical Results Among Fan et al

. (2014j)ePal. (2019a) and This Work

Sample (log R) (ar) Qcore Qlext

Fanll Peil9 TW Fanll Peil9 TW Fanll Peil9 TW Fanll Peil9 TW 11F&eil9 TW
Total 1223 2400 966 —0.35 —0.34 —0.06 0.51 0.41 041 -0.07 —0.08 —0.01 0.92 1.04 0.83
BL Lac 77 250 83 0.87 0.55 0.80 0.16 0.22 0.19 —0.01 —0.02 —0.09 0.65 0.70 0.66
FSRQ 495 520 473 0.13 0.24 0.15 0.36 0.15 0.21-0.09 —0.34 —0.09 0.89 0.60 0.60
Seyfert 180 175 101 -0.39 -0.37 —-0.09 0.53 0.43 0.77 —0.01 0.55 0.91 0.98
Galaxy 280 1178 245 —-0.93 —-0.67 —0.35 0.73 057 0.60 —-0.01 —-0.05 0.22 0.91 0.88 0.85
FRI&II 119 153 52 —-1.99 —-1.26 —-1.85 0.94 0.63 1.03 0.34-0.12 --- 0.97 1.04 ...

Notes: Here, ‘Fanll’, ‘Peil9’ and ‘TW’ refer to Fan et al. {4), Pei et al. (2019a) and this work, respectively.
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Fig. 7 Distributions of core-dominance parameteg R (a) and
radio spectral indexqr (b) for all the sample combined with
Fan et al. (2011), Pei et al. (2019a) and this work. In this, phea
representations for all sources are the same as Fig. 1.
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Fig.8 Plot of the average values of radio spectral indi¢es()
against core-dominance parametefied R)) with error bar for
this work together with the previous two samples (Fan etGil12
Pei et al. 2019a). In this plot, all representations of |alaee the
same as Fig. 3.

of the core regarding to the extended emission defined as
the ratio of core-to-extended-flux density measured in the
rest frame of the sourdeg R has become a suitable sta-
tistical measure of orientation and a good indicator of the
beaming effect.

In our previous work (Fan et al. 2011; Pei et al. 2019a),
we collected 1223 and 2400 AGNSs, respectively. In this
paper, we enlarge the AGNs sample and 966 sources are
included. They are 83 BL Lacs, 473 FSRQs, 101 Seyferts,
245 galaxies, 52 FRI& FRIls and 12 unidentified sources
(including 7 BCUs). We also discuss the relation between
core-dominance parametésg ) and radio spectral index
(ar) by adopting Equation (7), and we obtain a similar
relation and gain the derived fitting values fof,.. and
aexty @S Well. The comparison of previous work and this
paper is presented in Table 5.

When we combine all the sources listed in Fan
et al. (2011), Pei et al. (2019a) and this work, we ob-
tain a large catalog with 4589 sources including relative
to availablelog R, and we have thatlog R)|pLrac =
0.56 + 0.95 for BLLacs; (logR)|lrsrq = 0.14 £
0.94 for FSRQs; (log R)|seyfert = —0.32 £ 0.92 for
Seyferts; (log R)|galaxy = —0.72 £ 0.99 for galaxies
and(log R)|rrie1 = —1.63 + 0.94 for FRIS&FRIIs (see
Table 6). The K-S test demonstrates that 3.08 x 10712
(dmax = 0.20) for BL Lacs and FSRQg = 1.09 x 10726
(dmax = 0.28) for FSRQs and Seyferts;= 6.46 x 10~2°
(dmax = 0.27) for Seyferts and galaxieg;= 5.30 x 10~4!
(dmax = 0.40) for galaxies and FRIs&FRIIs. Therefore,
we can draw our conclusion that there is a sequence for
core-dominance parameter in the subclasses of AGNSs:
lOg R|BL Lac > 10g R|FSRQ > 1OgR|Seyfert > lOg RlGalaxy
> log R|rrie11, averagely, which is associated with the
beaming model.

Forag, we also obtain thafor ) |BL Lac = 0.20+£0.46
for BLLacs; (ar)|lrsrq = 0.24 £ 0.51 for FSRQs;
(ar)|seyfert = 0.61 £ 0.62 for Seyferts;(ar)|calaxy =
0.62 £+ 0.51 for galaxies andag)|Frier = 0.85 + 0.45
for FRIS&FRIIs (also see Table 6). The K-S test shows
thatp = 3.79 x 107* (dywax = 0.11) for BL Lacs and
FSRQs;p = 5.79 x 107%* (dmax = 0.38) for FSRQs
and Seyferts/galaxiep; = 6.60 x 1072° (dmax = 0.33)
for Seyferts/galaxies and FRIs&FRIIs. We also reveal a
sequence of radio spectral index in the subclasses: on
average,ar|BrLac < OR[FSRQ < OR|Seyfert/Galaxy <
ar|rrier. These two sequences elucidate the relation-
ship betweerlog R and ar extends over all the sources
in the larger sample combined with Fan et al. (2011), Pei
et al. (2019a) and this work. The distributiondaf R and
agr are shown in Figure 7. Figure 8 displays the plot of
the averaged of radio spectral indicéa)) against core-
dominance parameterél¢g R)) for all the sources com-
bined together with the previous two samples.
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Table6 Statistical Results Combined With Fan et al. (2011), PeiGuangdong Province (2017A030313011), and supports for
etal. (2019a) and This Work Astrophysics Key Subjects of Guangdong Province and

Sample N (log R) (aRr) Guangzhou City.
BL Lac 410 0.56 £+ 0.95 0.20 £ 0.46
FSRQ 1488 0.14+0.94 0.24 +0.51 References

Seyfert 456 —0.32+0.92 0.61 £0.62
Galaxy 1703 —0.724+0.99 0.62 £+ 0.51

FRI&IH 324  —163L094 085+ 045 Abdo, A. A., Ackermann, M., Ajello, M., et al. 2010, ApJ, 723,

1082
According to Equation (7), in the relativistic beaming Balmaverde, B., Baldi, R. D., & Capetti, A. 2008, A&A, 486,
scenario for highly beamed sources, we hieR > 0, 119

which leads taviotal ~ core. ar IS dominated byve for Bock, M., Kadler, M., Milller, C., et al. 2016, A&A, 590, A40
the caséog R < 0. Therefore, we can consider that the as- Bridle, A. H., Hough, D. H., Lonsdale, C. J., Burns, J. O., &
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ence the spectral characteristics of this extreme class of 3864
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