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Abstract Active galactic nuclei (AGNs) have two major classes, ngmatlio loud
AGNSs and radio quiet AGNs. A small subset of the radio-loud¥&Gs called blazars,
which display extreme observational properties, such pisl raariability, high lumi-
nosity, high and variable polarization, and superlumination. All of those observa-
tional properties are probably due to a relativistic beaneifiect with the jet pointing
close to the line of sight. Observations suggest that trentation can be expressed by
a core-dominance parametér, The R, to some extent, is associated with the beam-
ing effect. Blazars are believed to be unified with FanarofRigey type I/l (FRI/II)
radio galaxies. In this work, we collected relevant obsgowves from the literature for
a sample of 1223 AGNs including 77 BL Lacertae objects, 49%sqts, 460 galaxies,
119 FRs and 72 unidentified sources, and calculated thedmmérance parameters
and spectral indexes, discussed the relationship betwedwbd parameters, and gave
some discussions. Our analysis suggests that the corerdno@ parameters in BL
Lacertae objects are larger than those in quasars and gslaxid the radio spectral
indexes in BL Lacertae objects are lower than those in qeasat galaxies. We also
found that the core-dominance parameter-spectral indeelation exists for a large
sample presented in this work, which may come from a rektorbeaming effect.
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1 INTRODUCTION

Active galactic nuclei (AGNSs) are interesting extragalacadio sources. Among AGNSs, roughly
85% are radio-quiet AGNs and the remainingl5% of AGNs are radio-loud ones (Fan 2005).
A small subset of the radio-loud AGNs, showing extreme olzgérn properties, is called blazars.
Blazars, a word which was coined by Ed Spiegel in 1978, cows$isvo subclasses, namely the
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BL Lacertae (BL Lac) objects and the optically violent vaita (OVV) quasars. There are also
some objects showing the properties of both the BL Lac an@®é classes, which are also called
blazars. There are differences within blazars in termsef g#mission-line properties, which means
that blazars can be divided into two groups: BL Lacs and tldseh are similar to quasars, called
highly polarized quasars (HPQs), or the OVV quasars or meneglly flat spectrum radio quasars
(FSRQs) (Maraschi & Rovetti 1994). BL Lac objects have a weegpk emission line feature, or have
no emission lines at all in some cases, while FSRQs have trenygsemission lines. However, both

subclasses are almost the same in the continuum emissign@teresting that most AGNs in the

first catalog of the Fermi mission are blazars (Abdo et al020The similarity in continuum and the

difference in emission lines between BL Lacs and FSRQs htrected authors’ interest (see Fan
2003, and references therein).

Blazars show extreme observation properties, such as hidlvariable luminosity, high and
variable polarization, no emission line or emission lindschl are very strong, superluminal mo-
tions in their radio components, and high gamma-ray emssibey have attracted a good deal
of attention from astronomers worldwide, searching foirtkenission mechanism, central struc-
ture, and evolution among different types of subclasses@Na (see, e.g., Abdo et al. 2010; Aller
et al. 2003; Andruchow et al. 2005; Cellone et al. 2007; Qiget al. 2007; Dai et al. 2009; Efimov
et al. 2002; Fan 2003; Fan et al. 1997, 2008, 2009, 2010; Gatfatla 2004; Kurtanidze et al. 2007,
Romero et al. 2000, 2002; Wagner 1996; Wills et al. 1992; Wal.€2005; Xie et al. 2005; Zhang
& Fan 2008). The extreme observation properties suggeshthzars have a strong beaming effect,
namely blazars are associated with a relativistic beamiodah A beaming+black hole+accretion
disk model is taken as a standard model for AGNs (Urry & Padb%895). It is believed that BL
Lac objects are the Fanaroff & Riley type | (FRI), whose jeinp®toward the observer, namely FRIs
are the parent population of BL Lac objects (see Browne 188&h 1989). The parent population
of FSRQs is Fanaroff & Riley type Il (FRII) (see Padovani & Yir992; Xie et al. 1993).

In the relativistic beaming model, the emissions are asdumiee from two components, namely
the beamed and the unbeamed ones. Then, the observed tataloamse®, is the sum of the
beamedS2°, and the unbeamedi,, emissions, S&°° = Sg. + S = (1 + f67)Skxe; here
[ = S&/Sgx, S& is the de-beamed emission in the co-moving frafris,a beaming factop = «

+ 2 (for a continuous jet case) pr= « +3 (for a moving sphere jet case), ands the spectral
index (5, o« v~%). Scheuer & Readhead (1979) defined the rafipof the two parts as the core-
dominance parameter (also see Orr & Browne 1982). Some autise the ratio of flux densities
while some others use the ratio of luminosities to indichte garameter. Namelyy = S¢/Sgxt
(or R = L¢/Luxt); hereSe (or L¢) stands for core emission whilgg,. (or Lryt) for extended
emission (see Fan & Zhang 2003 and reference therein).

In 1992, Wills et al. (1992) obtained a sample of radio sosimgigh known optical polarization
and core-dominance parameter and found the polarizatibe tssociated with this parameter; the
larger the core-dominance parameter, the higher the pataon. This association is revisited in
our previous work (Fan 2002). Core-dominance parametemns also calculated for a larger sample
of extragalactic radio sources, as described in our previgaper (Fan & Zhang 2003). We also
investigated the difference in the core-dominance paranietween FSRQs and BL Lac objects,
and found that the core-dominance parameter in BL Lac abjedtigher than that in FSRQs, which
was confirmed by Britzen et al. (2007). One reason for BL Lgeab to have higher R-values than
flat-spectrum radio quasars is that they may have differargrmn populations.

Correlations between the core-dominance parameter aed aliservations and parameters are
discussed in the literature. Punsly (1995) studied thenebete luminosity of strong radio cores for a
sample of 134 ultraluminous radio core quasars, and fouatdile extended luminosity is on the or-
der of weak FRII luminosity for most studied objects. Murgtyal. (1993) investigated a complete
sample of 89 powerful core-dominated radio sources witk flax density,S>“H* > 1 Jy at 5 GHz.
They found that BL Lac objects on average are not more-dasiithan quasars, they are beamed
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cores of FRI radio galaxies, and that some BL Lac objects high redshift have similar extended
radio emissions of FRII radio galaxies. Hough & Readhea®®) @efined a complete sample of
28 double-lobed radio quasars to check for consistency thtbeaming hypothesis in the central
components. Hutchings et al. (1988), Neff et al. (1989) aeff Bl Hutchings (1990) discussed a
large sample of 250 core-dominated quasars, and foundhithabre dominance parameter increases
with redshift. Qin et al. (1998) used different samples t@Bstigate the correlation between the core-
dominance parameter and the core-/extended-luminosiyobtained different correlations. A clear
anti-correlation between the core-dominance parametteatended emission for one sample did
not show up for another sample. A similar situation appearéige correlation analysis of the core-
dominance parameter and the core-emission. Liu & Zhang2P@mpiled a larger sample of 661
extragalactic radio sources to investigate the corraldietween the 5 GHz core luminosity and the
1.4 GHz total luminosity. Fan & Zhang (2003) calculated edogninance parameters for a sample
of extragalactic radio sources and investigated the ciosl between the luminosity and the core-
dominance parameter, finding that core-emissions arelatedawith the core-dominance parameter
when the core-dominance parameters are small enough, ergdis$mo such core relationship when
the core-dominance parameter is large enough. For thededesmissions and core-dominance pa-
rameter, there is an anti-correlation when the core-dontegarameter is large enough.However
there is no such correlation when the core-dominance padeamsesmall enough. That is why a dif-
ferent correlation between the core-dominance parametic@ e-/extended-emission was obtained
in the work by Qin et al. (1998) and references therein. INR@ased on a paper by Kovalev et al.
(2005), we adopted the total and the core flux densities aledlated the core-dominance param-
eter for a sample of blazars and investigated the correl@@gween the parameter and the spectral
index, finding that there is an association between the domeinance parameter and the spectral
index (Fan et al. 2010). From the above work, we can see tleatdhe-dominance parameter is
associated with the beaming effect in AGNSs.

In a two-component model, if the intrinsic flux of a je&i¥, is assumed to be composed of a
polarized partS¢, and an unpolarized par$:”, and the two parts are proportional to each other as
S& = nS¢r, then the polarization can be expressed in the followinmftsee Fan et al. 1997, 2008),

R
PPN —— 1
1+R1+n @)
If the emissions are from a synchrotron process, then we liatithe polarization and the spectral
index follow the relation
a—+1
a+(5/3)

The above relationships (1) and (2) suggest a correlatitwdss the core-dominance parameter and
the spectral index (Fan et al. 2010). In this work, we codida larger sample of radio sources, cal-
culated the core-dominance parameter and the spectral,iadd revisited the correlation between
them. The paper is arranged as follows: in Section 2 we geetdmpiled sample, display how we
calculated the core-dominance parameter and the radidrapeciex and present some results. In
Section 3, we provide some discussions and a conclusion.

P(%) o )

2 SAMPLE AND RESULTS
2.1 Sampleand Calculations

To calculate the core-dominance parameter and discus®pigies, we compiled the relevant data
from the literature. Generally, the observations are paréal at different frequencies in different
references. However, our investigation indicates thattrobthe radio data are at 5 GHz, therefore,
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we transformed the data, given in the literature at othepfeaciesy), to 5 GHz using the assump-
tion SEEHe = §;°P%, §5GHZ = §robs( ¥ )eex, then we K-corrected the emissions, and finally
calculated the core-dominance parameter ukigdR = log(S¢/Suxt)(1 + 2)*c~*Ex¢_ In our cal-
culation, we adopted gy (Or aunp) = 0.75 andoe (or ;) = 0.0. Some data given in the literature
are luminosities; if the luminosity is not at 5 GHz, we alsmsformed the luminosities to the 5 GHz
frequency. Then we calculated the core-dominance paramsieglog R = log(Lc/Lgxt). We
also obtained the radio data (mainly at 1.4 and 5 GHz) fronlitdi@ture (here mainly from NED),
K-corrected them and calculated the spectral inde§S, o »~). If a source had no redshift, then
the averaged value of the corresponding group was adoptedrinalculation. From the relevant
literature, we got 1223 sources. We checked their identifioa using the NED. When there is fur-
ther classification for a galaxy, namely FRI and FRII, thenomé/ use FRI or FRII to identify the
source. If it is a Seyfert galaxy, then we use Seyfert. Whehawe not made the identification from
NED, we use an unidentified source to indicate it. So, we haBL7Lac objects, 495 quasars, 460
galaxies, 119 FRs and 72 unidentified sources.

The data and their corresponding references are shown iesTaland 2. In Table 1, Col. 1 gives
the name of the source; Col. 2 classification (BL: BL Lac; I: fyBe | radio galaxy; II: FR type Il
radio galaxy; G: galaxy; Q: quasar; S: Seyfert galaxy; Udentified source); Col. 3 redshift;
Col. 4 radio spectral indexy (S, « v~—%); Col. 5 core-emission imJy; Col. 6 wavelength irm
for emission in Col. 5; Col. 7 Reference for Cols. 5 and 6; @a@xtended emission imJy; Col. 9
wavelength ircm for emission in Col. 5; Col. 10 Reference for Cols. 8 and 9;. Caltotal emission
in mJy; Col. 12 wavelength irm for emission in Col. 11; Col. 13 Reference for Cols. 11 and 12;
Col. 14 the core-dominance parameter at 5 GddzR.

In Table 2, Col. 1 gives the name of the source; Col. 2 classifio (the meaning of the letters
are the same as in Table 1); Col. 3 redshifCol. 4 radio spectral indexy (S, o< v~¢); Col. 5 core-
luminosity inWHz ! at 6cm; Col. 6 extended-luminosity ilWHz ! at 6cm; Col. 7 total luminosity
in WHz~! at 6em; Col. 8 reference for the luminosities in Col. 5, 6, and 7;.Gotore-dominance
parameter at 5 GHz (6 cnipg R. The spectral indexy (S, « v~¢), calculated from the relevant
data, is listed in Table 3.

The references for Tables 1 and 2 are as follows: AU85: Antont Ulvestad (1985); BCG98:
Best et al. (1998); BEL99: Best et al. (1999); BIE81: Biermaxt al. (1981); BLR97: Best et al.
(1997); BM87: Browne & Murphy (1987); BP86: Browne & Perlel986); BVLOO: Barthel et al.
(2000); CFG99: Cotton et al. (1999); FIK84: Feigelson et(4884); GCL91: Garrington et al.
(1991); GH84: Gower & Hutchings (1984); HAP97: Hardcastiele (1997); HO81: Hintzen &

Tablel Sample 1

Name C z «a Se A Ref. Se A Ref. St A Ref. log R
0003+15 S 04509 0.66 135 6 MH78 223 6 MH78 —0.34
0003+380 S 0.2290 0.04 520 20 TVR96 601 20 TVR96 1.13
0003-003 Q 1.0370 0.74 1440 11 PW79 910 11 PW79 0.28
0007+106 S 0.0893 0.05 350 6 WB86<10 6 WBS86 1.52
Table2 Sample 2

Name C z « log L8™  log L™  log Lgcm Ref. log R

0007+171 Q 1.6010 -0.11 28.1 27.6 BM87 0.50

0015-229 G  2.0100 1.30 25.32 27.42 LZ02 —1.68

0019+230 G 0.1338 0.85 22.67 24.63 LZ02 —1.54

G

0031+060 0.1334 0.84 22.48 24.71 LZ02 —1.81
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Owen (1981); HUOB83: Hintzen et al. (1983); KAS98: Kapahi ket(4998); KWR90: Kollgaard
etal. (1990); LGS98: Ludke et al. (1998); LP91: Leahy & Pg([E991); LPP06: Landt et al. (2006);
LZ02: Liu & Zhang (2002); MH78: Miley & Hartsuijker (1978); ED; NRH95: Neff et al. (1995);
00185: O’'Dea & Owen (1985b); 00285: O’'Dea & Owen (1985a); GBNOwen et al. (1978);
P82: Perley (1982); PCR91: Parma et al. (1991); PFJ82:yPetlal. (1982); PGH93: Price et al.
(1993); PS93: Perlman & Stocke (1993); PW79: Potash & Wafti®¥9); RRM99: Riley et al.
(1999); SSN87: Saikia et al. (1987a); SSC89: Saikia et &89); SBR00: Schoenmakers et al.
(2000); SHK98: Saikia et al. (1998); SJC90: Saikia et al9@9 SSF91: Spencer et al. (1991);
SWC87: Saikia et al. (1987b); TVR96: Taylor et al. (1996);86A Ulvestad & Antonucci (1986);
WB86: Wills & Browne (1986); WHP88: Wrobel et al. (1988).

Table 3 Calculation of the Spectral Index

Name C S,11dy  v1/GHz Su,ly  v2/GHz a2 Ref
0003+15 4C+15.01 0.34 5 0.788 1.4 0.66 NED
0003+380 B3 0.547 4.85 0.573 1.4 0.04 NED
0003-003 3C2 1.41 5 3.61 1.4 0.74 NED
0007+106 0.28 5 0.3 1.4 0.05 NED
0007+124 4C12.03 0.533 4.85 1.007 1.4 0.51 NED
0007+171 4C17.04 0.943 4.85 0.825 1.4 -0.11 NED
2.2 Results

From Tables 1 and 2, we can see, for the 1223 sources in thewhuoiple, that the core-dominance
parameters are in the rangelog R = —4.16 for 1627+444 tdog R = 3.44 for 0256-005 with an
average value oflog R) = —0.35 + 1.24; the radio spectral index is in the range = —0.83 for
2134+004 tav, = 2.12 for 1201+205 with an average valug(af) = 0.51 + 0.47.

If we consider the subclasses separately, then for 77 BL bpcts, we havibg R = —0.68 for
0837-12 tolog R = 3.40 for 0851+202 with an average value @bg R) = 0.87 + 0.99; the radio
spectral index is in the range, = —0.63 for 0954+65 tay, = 0.91 for 1620+103 with an average
value of (o) = 0.16 £ 0.34.

For 495 quasars, we haveg R = —2.85 for 1318+113 tdog R = 3.44 for 0256-005 with
an average value dfog R) = 0.13 + 0.97; the radio spectral index is in the range= —0.83 for
2134+004 tav, = 1.37 for 0730+257 with an average valug(af) = 0.36 + 0.47.

For 460 galaxies and Seyfert galaxies, we hage? = —3.26 for 1017+37 tdog R = 2.10 for
0953+254 with an average value (g R) = —0.72 4 1.06; the radio spectral index is in the range
ay = —0.77 for 0923+392 tay, = 2.12 for 1201+205 with an average valuglaf) = 0.65 4 0.41.

When we consider galaxies and Seyfert galaxies separdtely, for 280 galaxies, we have
log R = —3.26 for 1017+37 tolog R = 2.07 for 0700+470 with an average value gbg R) =
—0.93 £+ 0.98; the radio spectral index is in the range = —0.74 for 1452-517 toay, = 2.12
for 1201+205 with an average value @f;) = 0.73 + 0.36; for 180 Seyfert galaxies, we have
log R = —3.20 for 1957+405 tdog R = 2.10 for 0953+254 with an average value @6g R) =
—0.39 £+ 1.11; the radio spectral index is in the range = —0.77 for 0923+392 tey, = 1.62 for
1957+405 with an average value @f;) = 0.53 + 0.44.

For 119 FR galaxies, we hateg R = —4.16 for 1627+444 tdog R = 0.11 for 1637+826 with
an average value dfog R) = —1.99 + 0.92; the radio spectral index is in the range = 0.49 for
1615+351 tay; = 1.60 for 1626+396 with an average value(af) = 0.94 + 0.20.

For 72 unidentified sources, we hateg R) = 0.10 + 1.19 and(ay) = 0.30 & 0.52.

All those data are listed in Table 4, in which Col. 1 gives thbdass name of the sample, Col.
2 the averaged value dfg R, (log R), Col. 3 the averaged value of («), and Col. 4 the number of
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Table4 Averaged Values

Sample (log R) (o) N
Total —0.351 0.509 1223
BL 0.866 0.161 7
FRIN —1.987 0.938 119
FRI —-1.411 0.802 18
FRII —2.089 0.963 101
Gal/Sey —0.717 0.648 460
Gal —0.928 0.733 280
Seyf —0.389 0.533 180
QSO 0.129 0.356 495
uiD 0.095 0.297 72

the subclass. From Table 4, we have that the distributiohsea®’s anda’s in different subclasses
are different withlog R|prLac > log R[qsos > 10g R|gai/sey > log R|pri/in, anda|prLac <
alqso < a|gal/sey < a|Fri/11 ON average.

2.3 Core-Dominance Parameter and Spectral Index

From the core-dominance parameters and spectral indsi@sin Tables 1 and 2, we can investigate
the differences between different subclasses. Here, wadened BL Lacs, quasars, FRI/FRII cases,
and galaxies/Seyfert galaxies.

For BL Lacs and quasars, their distributiond@f R’s are shown in Figure 1(a). When a K-S test
is applied to the data, the cumulative result is shown in Fédyb), from which we havé,,.x = 0.27
atlog R = 0.51 and the probability for the two distributions to be from tlaere parent distribution
isp = 8.14 x 10~5. The distributions of spectral indexes are shown in Fig(ag.2Vhen a K-S test is
applied to the data, the cumulative result is shown in Fi@(bg, from which we havd,,,., = 0.28
ata = 0.47 and the probability for the two distributions to be from tleare parent distribution is
p=3.80x 1075,

For BL Lacs and galaxies/Seyfert galaxies, their distidng of log R's are shown in
Figure 1(a), and the cumulative result is shown in Figurg,X(bm which we havel,,,, = 0.60 at
log R = —0.18 and the probability for the two distributions to be from tlarge parent distribution
isp = 4.47 x 10722, The distributions of spectral indexes are shown in Figed, 2vhile the cu-
mulative result is shown in Figure 2(b). We halig.. = 0.62 ata = 0.49 and the probability for
the two distributions to be from the same parent distribuisp = 4.6 x 10722

For BL Lacs and FRI galaxies, their distributionslog R’s are shown in Figure 1(a), and the
cumulative result is shown in Figure 1(b). We hakg,. = 0.89 atlog R = —0.68 and the prob-
ability for the two distributions to be from the same pareistrtbution isp = 3.11 x 10~!%. The
distributions of spectral indexes and the cumulative el shown in Figure 2(a) and Figure 2(b)
respectively, from which we havg, .. = 0.84 ata = 0.49 and the probability for the two distribu-
tions to be from the same parent distributiopis- 4.96 x 10~19,

For quasars and galaxies/Seyfert galaxies, their disioibs of log R's and cumulative result
are shown in Figure 1(a) and Figure 1(b) respectively, frdmchy, we havel,,.x = 0.39 atlog R =
—0.29 and the probability for the two distributions to be from tteem® parent distribution is =
4.61 x 10732, Also, the distributions of spectral indexes and their clative result are shown in
Figure 2(a) and Figure 2(b). We havg,.. = 0.35 ata = 0.47 and the probability for the two
distributions to be from the same parent distributiop is 4.95 x 10~25. All the results are listed
in Tables 5 and 6 for the core-dominance parameter and spawiexes respectively.

When the spectral indexes in Tables 1 and 2 are plotted dgh@sore dominance parameters,
we can see their dependence as shown in Figure 3, where theoples ¢) stand for BL Lac/A\
for FRI and FRIl.o for quasarsy, for galaxiesx for Seyfert galaxies andfor unidentified sources.
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Table5 Statistical Results for Core-dominance Parameter

Samp: |-l Nt Ni1 log R dmax p

BL-Q 77 495 0.51 0.27 8.14 x 1075
BL-FRI 77 18 —0.68 0.89 3.11 x 10~ 11
BL-GS 77 460 —-0.18 0.6 4.47 x 10~22
FRII-Q 101 495 —0.76 0.75 4.58 x 10~42
Q-GS 495 460 —0.29 0.39 4.61 x 10—32

Table 6 Statistical Results for Spectral Index

Samp: I-11 NI NII « dmax p

BL-Q 75 486 0.47 0.28 3.80 x 1075
BL-FRI 75 18 0.49 0.84 4.96 x 1010
BL-GS 75 415 0.49 0.62 4.60 x 1022
FRII-Q 101 486 0.73 0.64 3.92 x 10~31
Q-GS 486 415 0.47 0.35 4.95 x 1025

2.4 Correlation between Extended L uminosity and the Core-dominance Par ameter

In the two-component beaming model, the core emissionseabd while the extended emissions
are unbeamed. The core-dominance parameter is an indicdtibe orientation; it can also be taken
as an indication of a beaming effect. Here, we investigaterétationship between the beaming
effect and the unbeamed emissions. To do so, we used thedegttuminosity at 5 GHz. Here we
firstly K-corrected the flux density, and then calculatedihwsity, L, = 47d?S,,, whered is the
luminosity distance obtained from tle CDM model (Pedro & Priyamvada 2007) wifhy ~ 0.7,
Qp ~0.3,Qr ~0.0andHy ~ 75km s™* Mpc_l. For the luminosities presented in the literature
that are not at 5 GHz, we transformed the luminosity into ¢haiss GHz. In Figure 4, we show the
plot of the extended luminosity against the core-domingacameter for the whole sample.

3 DISCUSSION

A small number of AGNs show extreme observational propgrtignich are associated with a rela-
tivistic beaming effect, and the relativistic beaming bowgfactor was estimated by using different
methods (Ghisellini et al. 1993; Readhead 1994; Lahtedmi® Valtaocja 1999; Xie et al. 2002,
2005; Fan et al. 1999, 2009). The core-dominance paranietef,an AGN was used as an orien-
tation indicator of the jet. It is expressed B$0) = f((I'(1 — Scosf)) P + (T'(1 4+ Scosb))P)
(see Urry & Padovani 1995), and can be expressed in the formn 6P when the viewing anglé

is very small (Ghisellini et al. 1993). It correlates wittetpolarization (Wills et al. 1992; Fan et al.
2006, 2008). In AGNs, the radio emissions are known from a&lsgatron process, which follows a
correlation between radio polarization and radio speaidgx. Therefore, one can expect a correla-
tion between the spectral index and core-dominance paeantrebur previous work, a relationship
was derived (Fan et al. 2010), namely,

R 1
- . 3
T+ R T T RO (3)

Qg

From the relation (3), givea¢ andag,yg, the dependence of the radio spectral indgxpn the core-
dominance parameteR, can be obtained. In this paper, we compiled 1223 objectstivé relevant
data to calculate the core-dominance parameters. The sasnpbt complete, but it is big enough
for statistical analysis. When the spectral indexes ancttiie dominance parameters in Tables 1
and 2 are plotted in Figure 3, we can see a clear trend for #arspindexy, to be associated with
the core dominance parameter.
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Fig.1 Distribution of core-dominance parameterg R (a) and the cumulative probability (b) for
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Fig. 2 Distribution of spectral indexy;, (a) and the cumulative probability (b) for the whole sample.
In this plot, solid line stands for BL Lac, broken line for FRlotted line for FRII, broken-dotted
line for Galaxies/Seyfert galaxies and broken-dot-doliteel for quasars.

Figure 3 also suggests that we cannot use one curve to fitthlegfoints. The reason is that the
spectral indexesyc andagyy, are different for different sources. Besides, there is alpossibility
that the flux densities used to calculate the spectral indéxteose used to calculate core dominance
are not simultaneous, which results in the points scatjedinall of the sources follow relation
(3), then we can estimate the spectral indexesand agy, for the whole sample by minimizing
S [a—acR/(1 + R) + agx/(1 + R)]%. When we adopted this across the whole sample =
—0.07 andagy, = 0.92 were obtained. The fitting result is shown in the curvinfFigure 3. The
fitting results are consistent with the general considenatikingac = 0.0 andag,, = 1.0.

When we considered the subclasses separately, we can alpiaitof the spectral index against
the core-dominance parameter as shown in Figure 5 for BL lbgects. Their spectral index for
emissions in the jetis in the rangeaf = —0.65to0 0.5, and their spectral index from the unbeamed
emissions (or the extended emissions) is in the rangezQf = 0.0 to 1.4. The fitting result gives
ac = —0.01 andagye = 0.65. In Figure 6 for quasars, their spectral index for sioiss in the jet
is in the rangexc = —0.70 to 0.5, and their spectral index from the unbeamed emisgimmihe
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Fig.3 Plot of the radio spectral indexy;, against the core-dominance paramelet,R, for the
whole sample. Here stands for BL Lac/ for FRI and FRIl,¢ for quasarsy, for Galaxiesx for
Seyfert galaxies anefor unidentified sources. Curve 1 correspondado(or «;) = 0.5 andugxt (Or
aunb) = 1.70, curve 2 corresponds é@: = —0.75 andvex: = 0.4 and the fitting curve corresponds
to ac=-0.07 andvgxt = 0.92.
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Fig.4 Plot of the extended luminosity against the core-domingracameter for the whole sample.

extended emissions) is in the rangg,; = 0.5 to 1.5. The fitting result givesc = —0.09 anda gy

= 0.89. In Figure 7 for galaxies and Seyfert galaxies, the@ctral index for emissions in the jet
is in the rangexc = —0.75 to 0.5, and their spectral index from the unbeamed emisgimmihe
extended emissions) is in the rangg,, = 0.5 to 1.6. The fitting result givesc = —0.01 andagy
=0.91. In Figure 8 for FRI/Il galaxies, their spectral indek emissions from the jet is in the range
ac =0.34 to 0.4, and their spectral index from the unbeamedséomis (or the extended emissions)
is in the rangevg,, = 0.5 to 1.4. The fitting result givess = 0.34 andyg, = 0.97.

It seems that the tendency for the spectral index to depentth@more-dominance parame-
ter is probably from the relativistic beaming effect. Frohe taveraged values of different sub-
classes of AGNs, we have a continuous trentbi\R with log R|g1, > log R|qso > log R|ga >
1OgR|FRI/II! and ina with OL|BL < OZ|QSO < Oé|Gal < a|FRI/II-



1422 J.H. Fanetal.

2.5 T T T T T T T T T

20F B

—10} .

—-1.5 I NS NI [ S NN R S S S RS |

log R

Fig.5 Plot of the radio spectral index;, against the core-dominance parameter for BL Lac objects.
Curve 1 corresponds t@c (or o) = 0.5 andagxt (Or wunn) = 1.40, curve 2 corresponds t@: =
—0.65 andagx: = 0.0, and the fitting curve correspondsde = —0.01 andagx: = 0.65.
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Fig.6 Plot of the radio spectral index;, against the core-dominance parameter for quasars. Curve
1 corresponds tac (or o) = 0.5 andagxt (O avunp) = 1.50, curve 2 corresponds d@: = —0.7 and
agext = 0.5, and the fitting curve correspondsde= —0.09 andvgy: = 0.89.

In the extended luminosity and core-dominance parameggralin (Fig. 4), we can see that
there is a trend for the extended luminosity to be anti-datee with the core-dominance parameter.
In a two component modeR = L¢/Lgxt, which can be expressed in the form

LC + LExt o LT
LExt LExt .

If Lt = L¢ + Lgy iS a constant, thei® + 1 is anti-correlated td g when R is much larger
than unity, and there is no correlation betweRrand Lg,; when R is much smaller than unity.
Therefore, there is nlbg R — log Lg, relationship wheri is small and there is an anti-correlation
of log R — log Ly, WhenR is large. This correlation implies that a smaller extendedihosity
source has a larger core-dominance paramé&te&o, this source shows either largeor larged
sinceR « foP (Ghisellini et al. 1993).

1+R=
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log R

Fig.7 Plot of the radio spectral indexy;, against the core-dominance parameter for galaxies (in-
cluding Seyfert galaxies). Curve 1 correspondao(or a;) = 0.5 andagxt (OF avunp) = 1.60, curve

2 corresponds teec = —0.75 andagxt = 0.5, and the fitting curve correspondsde: = —0.01
andagxt = 0.91.

log R

Fig. 8 Plot of the radio spectral index, against the core-dominance parameter for FRI/Il galaxies
Curve 1 corresponds tec (or «;) = 0.4 andagxt (OF auny) = 1.40, curve 2 corresponds t@: =
0.34 andopx: = 0.5, and the fitting curve correspondsde.= 0.34 andxugx, = 0.97.

This correlation is perhaps from an evolutionary resuftytfung” AGNs have a strong beamed
component indicating strong ongoing activity, but the eged emission has not yet had time to
accumulate, then the “young” sources have weak extendessgEmiand strong beamed emission,
resulting in largdog R.

When we considered the relationship between the core-doro@parameteidg R) and red-
shift (log z), we havelog R = (0.48 + 0.06) log z — 0.15 £ 0.04, with a correlation coefficient of
r = 0.24; the result is shown in Figure 9. It shows an approximatewgianiary effect.

However, this kind of correlation is probably from some st effects. If bothlg,, and L¢
have a distribution with upper and lower limits, then one @renikely to find a larger? for a source
with Lg close to the lower luminosity limit, and vice versa. Alsojstpossible that the source
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Fig.9 Plot of the core-dominance parameter against redshift.

Table 7 Linear Regression Results for Core-luminosity,
Extended Luminosity and Redshifv(= 1223, p < 10~%)

(a + Aa) b+ Ab) Corr. Coef.
log Ly, — log Lc 0.98+ 0.02 0.28 0.62 0.76
log z — log Lc 2.69+ 0.04 26.6% 0.03 0.87
log z — log Ly, 2.094+0.03 26.67 0.03 0.76
logz — log R 0.48+ 0.06 —0.15+ 0.04 0.24

with largerd is brighter, and it can be detected much more easily, thexgiee can get an apparent
anti-correlation between the core-dominance parametettenextended luminosity.

For the core-luminosity and the extended-luminosity, wenfib that they are correlated with
a correlation coefficient ofc_g = 0.76 and a chance probability of < 10~* (see Table 7);
log Le = (0.98 +0.02) log Lrxt +0.28 £ 0.62, and the corresponding figure is shown in Figure 10.

When the redshift dependence of luminosity is excluded, oumd that the correlation coef-
ficientrc_gy = \/7(«;;:]:{7@)[13; i hererc_g). is the correlation coefficient between core-
luminosity and extended quminosEinj with the redshift deghemce excluded_ ) is the correlation
coefficient between core-luminosity and redshift, apgl ., is the correlation coefficient between
extended-luminosity and redshift. From the whole sampke,haver_., = 0.87 andrg_.) =
0.86, so we havec_g). = 0.1. There is no more correlation between core luminosityextended
luminosity.

It is argued that the parent population of BL Lac objects i$ §&axies but that of quasars is
FRII. Now, we investigate the relationship using the catieh between the extended luminosity and
the core-dominance parameter. Since the radio galaxiesdéwge viewing angle, their beaming
effect is very weak, and their log R is very small. In this cake beamed sources and their parent
population should follow the same correlation.

For the BL Lac objects and FRI radio galaxies, we hiyeL,. = —(0.20 £+ 0.09)log R +
(24.78 £ 0.13), with a correlation coefficient af = —0.30 and a chance probability gf= 3.09 x
10~3. The result is shown in Figure 11.

For the quasars and FRII radio galaxies, we Hagd.. = —(0.214+0.02) log R+(26.78+0.03),
with a correlation coefficient of = —0.32 and a chance probability of < 10~*. The result is
shown in Figure 12.
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Fig.10 Plot of the core-luminosity against extended luminosity.
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Fig.11 Plot of the extended luminosity against the core-domingrarameter for BL Lac objects
and FRI galaxies. Here triangleA stand for BL Lac objects and open circle$ for FRI galaxies.
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Fig. 12 Plot of the extended luminosity against the core-domingrazameter for quasars and FRII
galaxies. Here trianglegY) stand for quasars and open circle}for FRII galaxies.
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Fig. 13 Distribution of the extended luminosity, (a) and the curtiuéaprobability (b) for FRI éolid
line), FRII (broken ling), BL Lac objects dotted line) and quasarsoken-dotted line).

In addition, if the population arguments are correct, thea can expect that the distributions of
the extended luminosity for a blazar sample should be frans#tme parent distribution. Therefore,
we applied a K-S test to the distributions of blazars andrttedio galaxies. We found that the
probability for BL Lac objects and the FRI radio galaxies ®flom one single distribution is 9%,
while the probability for quasars and FRII galaxies is 20%e(Fig. 13). In this sense, we can say
that quasars and FRII galaxies should be unified, while Blslaaw FRI radio galaxies should also
be unified.

3.1 Conclusions

In the present work, we compiled the core/extended emissiod total emissions for a sample of
1223 radio sources, calculated the core-dominance pagasraeid the spectral indexes, investigated
the correlation between the radio spectral index and the dominance parameter, and the corre-
lation between core-dominance parameter and the extendeddsity. From our analysis, we can
come to the following conclusions:

(1) The spectral index is dependent on the core dominaneeneder, which may be from the rela-
tivistic beaming effect.

(2) Thereis atendency for the extended luminosity to deer@ath the core-dominance parameter.

(3) Quasars should be unified with FRII radio galaxies, and_Bt objects should be unified with
FRI radio galaxies.

(4) For the radio sourceyc = 0.07 andhg,, = 0.92 can be adopted.
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