
Chin. J. Astron. Astrophys. Vol. 4 (2004), No. 6, 533{540( http://www.
hjaa.org or http://
hjaa.bao.a
.
n ) Chinese Journal ofAstronomy andAstrophysi
s
Superluminal Motion and Polarization in Blazars �Jun-Hui Fan1;2, Yong-Jiu Wang2, Jiang-He Yang3 and Cheng-Yue Su41 Center for Astrophysi
s, Guangzhou University, Guangzhou 510400; fjh�gzhu.edu.
n2 Physi
s Institute, Hunan Normal University, Changsha3 Department of Ele
troni
s and Physi
s, Hunan University of Arts and S
ien
e, Changde4150004 Department of Physi
s, Guangdong Industry University, GuangzhouRe
eived 2004 Mar
h 14; a

epted 2004 May 13Abstra
t A relativisti
 beaming model has been su

essfully used to explainthe observed properties of a
tive gala
ti
 nu
lei (AGNs). In this model there aretwo emission 
omponents, a boosted one and an unbeamed one, shown up in theradio band as the 
ore and lobe 
omponents. The luminosity ratio of the 
ore tothe lobe is de�ned as the 
ore-dominan
e parameter (R = LCoreLLobe ). The de-beamedradio luminosity (Ldbjet) in the jet is assumed to be proportional to the unbeamedluminosity (Lub) in the 
o-moving frame, i.e., f = LdbjetLub , and f is determined in ourprevious paper. We further dis
uss the relationship between BL La
ertae obje
ts(BLs) and 
at spe
trum radio quasars (FSRQs), whi
h are sub
lasses of blazarswith di�erent degrees of polarization, using the 
al
ulated values of the ratio ffor a sample of superluminal blazars. We found 1) that the BLs show smalleraveraged Doppler fa
tors and Lorentz fa
tors, larger viewing angles and higher 
ore-dominan
e parameters than do the FSRQs, and 2) that in the polarization-
oredominan
e parameter plot (P � logR) the BLs and FSRQs o

upy a s
atteredregion, but in a revised plot (log P
(m) � logR), they gather around two di�erentlines, suggesting that they have some di�erent intrinsi
 properties.Key words: a
tive gala
ti
 nu
lei | superluminal motion | jets | relativisti
beaming model1 INTRODUCTIONMany a
tive gala
ti
 nu
lei (AGNs) 
ontain 
ompa
t radio sour
es with 
omponents thatappear to move apart in su

essive high-resolution VLBI images. When the apparent trans-verse velo
ity (�app = v=
) ex
eeds the speed of light, the motion and the obje
t are 
alledsuperluminal. Superluminal motion has now been observed in dozens of sour
es (Pearson &� This work is partially supported by the National 973 proje
t and the National S
ien
e Fund for Distin-guished Young S
holars.



534 J. H. Fan, Y. J. Wang , J. H. Yang et al.Zensus 1987; Vermeulen & Cohen 1994). A sub
lass of AGNs are blazars, whi
h in
ludes BLLa
ertae obje
ts (BLs) and 
at spe
trum radio quasars (FSRQs).A popular kinemati
 explanation for superluminal motion is that the nu
lear region 
on-tains a narrow, nearly straight, expanding jet of plasma in relativisti
 motion, and when thejet is pointing 
lose to the line of sight, 
ontra
tion of the apparent times
ale 
an result insuperluminal motion. The main observational properties of superluminal obje
ts are now wellestablished (Zensus & Pearson 1988; Ghisellini et al. 1993; Vermeulen & Cohen 1994 ). Inour previous papers, we showed that there is an asso
iation between their radio and opti
alenhan
ements and that the a

eleration model is reasonable (Fan et al. 1996), and we obtainedsome statisti
al results for a sample of su
h sour
es (Fan 1998). Very re
ently, 
ombining thesuperluminal velo
ity, the Doppler fa
tor and the 
ore-dominan
e parameter (the 
ore to lobeluminosity), we determined the ratios f (the de-beamed to the unbeamed radio luminosity) fora sample of sour
es (Fan 2003).High, variable polarization is a typi
al 
hara
teristi
 of blazars, they inform the magneti
�eld and relativisti
 beaming e�e
t. Many authors have made observations and theoreti
alanalyses on this topi
 (Angel & Sto
kman 1980; Impey & Tapia 1990; Wills et al. 1992; Fanet al. 1997; E�mov et al. 2002). The resear
hes show that the two sub
lasses have di�erentdegrees of polarization with the BLs showing higher polarizations than do the FSRQs. Work onpolarization is important for our understanding of the relation between the two sub
lasses. Inthe present paper, we will investigate this relation further. In Se
tion 2 we des
ribe our sampleand the results obtained; in Se
tion 3 we 
arry out a dis
ussion, ending with a brief 
on
ludingstatement.2 DATA AND RESULT2.1 DataIn our previous paper, to determine the ratio f , we 
hose sour
es with known superluminalmotion velo
ity, Doppler fa
tor and 
ore-dominan
e parameter (Fan 2003). Di�erent methods(Xie et al. 1991; Ghisellini et al. 1993; Jiang et al. 1998; Fan et al. 1999; Cheng et al. 1999;Lahteenmaki & Valtaoja 1999) had been used to determine the Doppler fa
tors. Sin
e theDoppler fa
tor determined from radio variability has advantages over the others, we used thedata given by Lahteenmaki & Valtaoja (1999). From our previous paper (Fan & Lin 2003; Fan2003), we 
hose 35 sour
es (25 FSRQs and 10 BLs) with known polarizations. These are listedin Table 1.2.2 ResultsFrom the relativisti
 beaming model, one 
an obtain the viewing angle � and the Lorentzfa
tor �, from the Doppler fa
tor, Æ and the apparent (superluminal) velo
ity �app, namely� = �2app + Æ2 + 12Æ ; (1)tan � = 2�app�2app + Æ2 � 1 : (2)When we 
onsidered the BLs and FSRQs separately, we obtained the following results (Table 2).



Polarization of Blazars 535Table 1 Data for a Sample of Superluminal Sour
esName ID Æ �app logR Ref Popt(%) Ref log f(1) (2) (3) (4) (5) (6) (7) (8) (9)0016+731 FQ 18.39 8.35 0.50 G 1.1 I90 {3.290106+013 FQ 8.62 8.20 0.90 C 7.1 F97 {1.910212+735 FQ 4.16 3.88 2.64 C 7.8 F97 0.780219+428 BL 1.99 14.89 0.77 FW 18.0 F01 {0.130234+285 FQ 7.29 9.29 2.00 C 11.3 I90 {0.590235+164 BL 16.32 7.10 1.69 C 43.9 F97 {1.950333+321 FQ 6.48 4.77 1.50 BM 1.0 F98 {0.930336{01 FQ 19.01 8.9 1.50 C 19.4 F97 {2.340420{014 FQ 11.72 4.80 2.40 C 20.0 F97 {0.810440{00 FQ 11.46 6.10 1.30 C 12.6 I90 {1.880458{020 FQ 17.80 4.09 0.70 C 17.3 I90 {3.050528+134 FQ 14.22 5.15 1.60 G 0.3 I90 {1.860605-085 FQ 4.53 4.4 1.46 C 10.0 I90 {0.510735+178 BL 3.17 5.84 3.92 FW 36.0 F01 2.420836+710 FQ 10.67 7.69 1.54 C 1.0 I91 {1.540851+202 BL 18.03 2.95 2.89 C 37.2 FL {0.880923+392 FQ 2.25 3.97 1.20 C 0.8 F98 0.140954+658 BL 6.62 5.7 2.04 C 33.7 I91 {0.421055+018 FQ 7.78 2.30 1.33 C 6.0 F99 {1.341156+295 FQ 9.42 5.20 0.83 FB 28.0 F99 {2.091219+285 BL 1.56 2.00 3.45 FA 20.0 F01 2.871226+023 FQ 5.71 6.10 0.80 C 2.5 I90 {1.471253{055 FQ 16.77 4.87 1.10 C 44.3 F97 {2.571308+326 BL 11.38 10.80 1.56 C 28.0 FL {1.611510{089 FQ 13.18 3.77 1.50 C 7.8 I90 {1.861606+106 FQ 9.32 2.90 0.83 FU 2.1 I90 {2.081611+343 FQ 5.04 11.40 1.40 BM 1.7 I90 {0.711633+382 FQ 8.83 4.80 1.90 C 2.6 I91 {0.941641+399 FQ 7.45 6.32 1.50 C 35.0 F99 {1.121803+784 BL 6.45 1.80 2.69 C 35.2 FL 0.261928+738 FQ 3.71 4.97 0.70 G 3.3 F98 {1.012007+777 BL 5.13 2.33 1.90 G 15.1 F98 {0.232200+420 BL 3.91 3.28 2.41 FA 23.0 FL 0.632230+114 FQ 14.23 8.86 1.40 C 10.9 I90 {2.062251+158 FQ 21.84 7.19 1.20 C 16.0 F99 {2.82Col. 1, Sour
e name; Col. 2, Identi�
ation (FQ for FSRQ); Col. 3, Doppler fa
tor (Æ), (fromLahteenmaki & Valtaoja (1999)); Col. 4, superluminal velo
ity (�app), (from Lahteenmaki& Valtaoja (1999)); Col. 5, Core-dominan
e Parameter(R); Col. 6, referen
e for the 
ore-dominan
e; Col. 7, maximum opti
al polarization (Popt%); Col. 8, referen
e for opti
al po-larization; Col. 9, log f .The referen
es listed in the table are BM: Browne & Murphy (1987); C: Cao & Jiang (2001);FA: Antonu

i & Ulvestad (1985); FB: Wills & Browne (1986); FU: Ulvestad et al. (1981);FW: Wills et al. (1992); F01: Fan et al. (2001); F98: Fan et al. (1998); F97: Fan (1997); FL:Fan & Lin (1999); G: Ghisellini et al. (1993); I90: Impey & Tapia (1990); I91: Impey et al.(1991).



536 J. H. Fan, Y. J. Wang , J. H. Yang et al.Table 2 Averaged Values for Two Classes of Superluminal Sour
es� � Æ logR logRT log fFSRQs 7.44�0.52 6.15Æ�0.95 10.19�0.92 1.27�0.11 {3.83�0.24 {1.59�0.19BLs 6.16�1.07 10.43Æ�3.23 7.45�1.85 2.33�0.30 {2.10�0.73 0.11�0.49Polarization is asso
iated with the 
ore-dominan
e parameter (see Wills et al. 1992 andreferen
e therein), with higher polarization 
orresponding to larger logR. From our previouspapers (Fan et al. 1997; Fan et al. 2001), we have10�0:4mob1 P ob1Æ3+�1 = 10�0:4mob2 P ob2Æ3+�2 = k ;whi
h suggests a relation between polarization and the 
ore-dominan
e parameter at a givenmagnitude: P ob = k Æ3+� 100:4mob = �kf � 100:4mob(fÆ3+�) = 
(m)R / R ; (3)where 
(m) = ( kf )100:4mob is a parameter that depends on magnitude mob, on the 
onstant kand on the ratio f . Relation (1) shows that a high polarization is asso
iated with a large 
ore-dominan
e parameter. In the present paper, polarization is again found to be asso
iated withthe 
ore-dominan
e parameter, i.e., the higher the polarization the higher the 
ore-dominan
eis, as shown in Fig. 1.

Fig. 1 Plot of polarization (Popt(%)) vs. 
ore-dominan
e parameter (logR) for thewhole sample (�lled 
ir
les for BLs, open ones for FSRQs). The 
urve stands forP = 
(m)R with 
(m) = 0:005, 0.05, 0.5 and 5, respe
tively.3 DISCUSSIONBlazars (BLs and FSRQs) are an extreme sub
lass of AGNs, they show rapid and highamplitude variation, superluminal motion, high and variable polarization, and high energy



Polarization of Blazars 537emissions. BLs and FSRQs show almost the same observational properties ex
ept that theyhave di�erent emission line properties with the BLs having very weak or no emission lines whilethe FSRQs having strong emission features. The BLs have higher opti
al polarization than theFSRQs, on average. Sometimes, the FSRQs also show very weak emission line features su
h asthe 
ase of 3C 279, 
laimed by S
arpe & Falomo (1997).The 
ore dominan
e parameter R (the ratio of 
ore to extended radio 
uxes) is an importantparameter and has been proposed as an indi
ator of the orientation of the emission (Orr &Brown 1982), and of relativisti
 beaming (Ghisellini et al. 1993; Hough & Readhead 1987). Itis 
lear that R is useful in determining the ratio f .As shown in Fig. 1, the polarization is found asso
iated with the the 
ore-dominan
e pa-rameter and the observed maximum polarization in
reases with the latter. The points ares
attered in an area bounded by 
(m) = 0:005 and 
(m) = 5. The range in 
(m) is 3 dex forthe whole sample. These s
attered points refer to di�erent values of 
(m) for di�erent sour
es.Sin
e 
(m) = kf 100:4m, the s
atters in both the opti
al magnitude (mob) and 
(m) will resultin a s
atter in f for f = k
(m)100:4m. Sin
e the s
atter in the opti
al band is about 5 stellarmagnitudes or 2 dex (Fan et al. 2001) and that in 
(m) is 3 dex, we obtain the di�eren
e in f tobe about 5 dex. It is interesting that this range in f is quite 
onsistent with that obtained in our
al
ulation, whi
h shows that the values of f are mainly in the region between log f = �3:29for the FSRQ 0016+731 to 2.87 for the BL 1219+285 (see Table 1), 
orresponding a range of6.1 dex in f . It should be pointed out that Eq. (3) implies that polarization is 
orrelated with
ore-dominan
e, but be
ause the 
orrelation 
oeÆ
ient 
(m) depends on both the ratio f andthe magnitude mob, whi
h are di�erent from one sour
e to another, the 
orrelation is diluted,hen
e the s
attering of the points in Fig. 1. For a group of sour
es with similar f -ratios andmagnitudes (mob), one may expe
t a tighter 
orrelation. Unfortunately, this is not the 
ase
onsidered in this paper. However, for sour
es with di�erent f values, we 
an 
onsider a revised
orrelation between polarization and 
ore-dominan
e parameter, whi
h we now des
ribe.Equation (3) suggests that there is a linear 
orrelation between P ob
(m) and R. To investigatethis 
orrelation, one should take the magnitude for ea
h sour
e, whi
h is available from theVeron-Cetty & Veron (1998) 
atalog. Based on the opti
al magnitudes and the known ratios f(Fan 2003), we 
an make a plot of P ob
(m) against R for the FSRQS and BLs; see Fig. 2. The plotsuggests a statisti
al linear 
orrelation between P ob
(m) and R, namelylog P ob
(m) = (1:89� 0:08) logR� 10:2� 0:21 :This is di�erent from the expe
ted result,log P ob
(m) = logR + 
onst :However, when we 
onsider the BLs and FSRQs separately, we obtainlog P ob
(m) = 1:12 logR� 7:37for the BLs, and log P ob
(m) = 0:92 logR� 9:14
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orrelation 
oeÆ
ient and 
han
e probability r = 0:713 and p = 3:2%for the BLs and r = 0:367 and p = 3:4% for the FSRQs. The slopes are 
onsistent withthe expe
tations. It implies that the dependen
e of polarization on the relativisti
 beamingmodel is the same for BLs and FSRQs. The di�eren
e in the 
onstant term probably means 1)that the magneti
 �eld is not the same for the two sub
lasses, sin
e the polarization in blazarsdepends on the boosting e�e
t and the magneti
 �eld (Fan et al. 1997); and 2) that the observedpolarization is not always the maximum value for the obje
t 
onsidered;|another fa
tor thatdilutes the expe
ted 
orrelation. Therefore, further polarization observations and resear
hes onthis 
orrelation will be useful.

Fig. 2 Plot of polarization (log Pob
(m) ) vs. 
ore-dominan
e parameter (logR) for thewhole sample (�lled 
ir
les represent BLs, open ones for FSRQs). The solid linestands for the best �tting result for BLs, the dotted line for FSRQs (see text).BL La
 obje
ts and FSRQs (or opti
al violently variable quasars-OVVs) show some verysimilar observational properties, but their di�eren
es in the emission lines are also obvious.Some authors proposed that both the two sub
lasses are in di�erent evolutional stages asemission line obje
ts evolve into non-emission line obje
ts. However, we noti
e that the ratiof of the de-beamed to unbeamed luminosity plays an very important role in explaining thedi�eren
e in the emission lines (Fan 2003). Fan (2002) 
ompared the polarization-Dopplerfa
tor relations for BLs and for FSRQs (in that paper we used the name OVVs, while in thepresent paper we use FSRQs), and found that the polarization/
ore-dominan
e points of thetwo sub
lasses 
an be �tted by di�erent f and �, � being the ratio of polarized to unpolarizedemission in the de-beamed jet emission. Sin
e the intrinsi
 polarization in the jet frame isde�ned as P in = f1+f �1+� (see Fan et al. 1997), the results of �tting (Fan 2002) suggested thatthe intrinsi
 polarization is lower in the FSRQs than in the BLs. That is why the Dopplerfa
tor is higher in the FSRQs than in the BLs, while the polarization is lower.Adopting the two-
omponent model (see Urry & Shafer 1984), if f is the same in thedi�erent wavebands for a given sour
e, then we haveLob = Lunb + Lobj = Lunb + fÆpLunb : (4)



Polarization of Blazars 539Let the unbeamed emissions be proportional to line emissions; we 
an then 
he
k the di�eren
ein emission line between the BLs and FSRQs. Observations show that there is no emissionline or only very weak emission lines in BLs, while there are strong emission lines in FSRQS.In the present paper, the Doppler fa
tors in BLs and FSRQs are 
omparable, but the averagevalue of f of the BLs is 1.68 dex greater than that of the FSRQs. So, for the large f inBLs, the se
ond term is mu
h greater than the �rst in the right side of Equation (4), namely,Lob � fÆpLunb = Lobj , and only emissions from the jet are observed. For the FSRQs, be
ausef is so small that the two terms in the right side of Eq. (4) are 
omparable. So the emissionsfrom both the jet and unbeamed 
omponents are observed, that is why we 
an observe emissionlines in FSRQs. In this sense, we 
an explain why there are strong emission lines and lowerpolarization in FSRQs than in BLs.We have 
ompiled a sample of superluminal blazars with known Doppler fa
tors, opti
alpolarizations and 
ore-dominan
e parameters and used the known ratios, f , opti
al polarization,and 
ore-dominan
e parameter, to 
ompare BLs and FSRQs. We found the two sub
lasses tohave di�erent values of the parameters. However, they obey a revised polarization and 
ore-dominan
e parameter relation suggesting that their polarization is 
aused by beaming e�e
t.We have also used the di�eren
e in f to explain their di�eren
e in emission lines.A
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