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Abstract. — In this paper a list of 48 objects with superluminal motions is compiled, and some of their properties
are discussed.
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1. Introduction

The relativistic jet model (Blandford et al. 1977; Marscher
1978; Blandford & Rees 1978; Blandford & Konigl 1979)
has been proposed to describe the observed properties of
variable extragalactic radio sources associated with the
nuclei of galaxies, quasars and blazars. This hypothesis has
found increasing observational support, the most striking
being perhaps the measurements of superluminal veloci-
ties in many of the sources which could be resolved by
VLBI (Porcas 1987; Ghisellini et al. 1993).

In this paper, we present a sample of objects with su-
perluminal motion and discuss some of their properties
associated with beaming model.

Through out the paper, H0 = 100 km/s/Mpc, q0 =
0.5.

2. The sample of superluminal sources and some
statistical results

2.1. Sample

Columns 1 to 7 in Table 1 give the name, redshift, visual
magnitude (mv), radio flux (5 GHz) in Jy. Superluminal
velocity (βapp), maximum optical polarization and refer-
ences.

2.2. Statistical results

Based on a beaming model, the following relations hold:

fob.
ν = δ3+α

ν f in.
ν (1)

βapp = βin ·sin θ/(1−βin ·cos θ) = δ ·sin θ·βin./(1−β2
in.)

0.5

(2)

Send offprint requests to: J.H. Fan

where fob.
ν and f in.

ν are, respectively, the observed and in-
trinsic (corrected) flux densities, δν is the Doppler factor,
θ is the angle of the jet to the line of sight, α is the spectral
index.
For a single group of objects, we should expect

min. = 5 log z + c1 (3)

and
f in. = −2 log z + c2 (4)

From which it follows:

mob.
v − 5 log z = −2.5 (3 + α) log δ0 (5)

log fob.
ν + 2 log z = (3 + α) log δν (6)

In the caseof a very small angle, θ, i.e. sin θ ∼ (1−βin)−0.5,
δ ∼ βapp can be obtained, and we should expect (here αo
= 1.0 and αr = 0.0 are adopted)

mob.
v − 5 log z = −10 k log βapp + c1 (7)

log fob. + 2 log z = 3 log βapp + c2 (8)

for the optical magnitude and radio flux density respec-
tively, where k is related with δ0 and βapp by

δ0 ∼ βkapp (9)

When the linear regression method is used to fit the data,
the expected results have been obtained

mob.
v − 5 log z = −(3.35± 0.81) log βapp

+ 20.25± 0.25 (N = 42) (10)

log fob.
R + 2 log z = (2.± 0.23) log βapp

− 1.31± 0.07 (N = 41) (11)

with correlation coefficients being −0.48 and 0.54, respec-
tively, at a confidence level greater than 99%. N is the
number of the considered objects.
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3. Discussions and conclusions

Apparent superluminal motion is common among core
dominated quasars (Cohen 1989), superluminal motion
and blazar properties are often related (Impey 1987), and
superluminal motion and core dominance parameter are
also related (Ghisellini et al. 1993).

In this paper, 48 objects with superluminal motion
are compiled. 23 of which are highly polarized (Popt. >
3%), 14 of which have low polarization (Popt < 3%),
and 3 of which, 0615+820, 0723+679, and 1040+123, are
not polarized; 34 are core dominated, and 10 are lobe-
dominated; two, 0415+379 and 0710+439, are galaxies, 11,
0235+164, 0454+844, 0716+714, 0735+178, 0851+202,
1101+384, 1749+701, 1803+784, 1807+698, 2007+777,
and 2200+420, are BL Lac objects. 3 objects, 0153+744,
0235+164, and 1807+698, are not included in some of
our discussions, the correlations of log fr + 2 log z −
log βapp, m

ob. − 5 log z − log βapp, log βapp − log z, and
log R − log βapp for instance. 0235+164 and 0153+744,
are candidates for gravitational lensing (Kuhr & Schmidt
1990; Surdej et al. 1992), their apparent superluminal mo-
tion may come from the effect of the gravitational lens. As
to 1807+698, its optical Doppler factor is δo = 1.24; after
consideration of its Doppler factor it fits the Hubble rela-
tion very well (Xie et al. 1993; Fan et al. 1993); its radio
Doppler factor calculated from SSC model is δR = 0.36
(Madau et al. 1987). This means the Doppler factor of
1807+698 is very small, but its average apparent super-
luminal velocity is very high, βapp = 7.7c. Obviously, it
does not obey the condition: δ ∼ βapp. As listed in Table
1, many objects have several determinations of their su-
perluminal velocities. The velocity used to analyse is the
average velocity in these cases.

3.1. Superluminal motion and beaming model

For the observations, we find log fr = −(0.13 ±
0.03) log z + c, m = (2.27 ± 0.16) log z + c (see Figs.
1 and 2), which do not fit the Hubble relations: log
fr = −2 log z + c, m = 5 log z + c. This is usually ex-
plained as duo to the fact that the emissions are strongly
enhanced by the Doppler effect (Blandford & Konigl 1979;
Worrall 1986; Fan et al. 1993). If so, we should expect
that the corrected magnitude and radio flux density fit the
Hubble relations well. The corrections can be expressed as
Eqs. (7) and (8) in the case of small angles. From the data,
the expected results have been obtained:

mob.
v − 5 log z = −(3.35± 0.81) log βapp + 20.25± 0.25,

log fob. + 2 log z = (2.± 0.23) log βapp − 1.31± 0.07

with correlation coefficients being −0.48 and 0.53 at a con-
fidence level greater than 99% (see Figs. 3 and 4). Com-
paring Eq. (7) and the statistical result, one finds

δ0 ∼ β1/3
app,

which means the enhancement of optical luminosity is as-
sociated with the superluminal motion.

Fig. 1. Relation of radio flux density (5 GHz) and redshift

Fig. 2. Relation of visual magnitude (mv) and redshift

3.2. Superluminal motion and radio luminosity and
redshift

Cruz-Gonzalez & Carrillo (1991) supposed γjet. ≈ βapp

and got γjet ∼ L0.28
10 GHz for 30 objects.

From the data in the present paper, we have

log βapp = 0.143 log Lr − 4.35

with a correlation coefficient being 0.536 at a confi-
dence level greater than 99% (see Fig. 7), which is con-
sistent with the Cruz and Carrillo’s result. It suggests
that the radio emission is strongly enhanced by the
Doppler effect. This statistical result also shows that the
superluminal motion is associated with the redshift as
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Fig. 3. Relation of log Sr + 2 log z and superluminal velocity

Fig. 4. Relation of mv − 5 log z and superluminal velocity

log βapp = (0.22± 0.01) log z + 0.61± 0.001 with a con-
fidence level greater than 99% (see Fig. 8): this means
that distant objects have a stronger Doppler effect. This
correlation may come from the fact that log Lr is closely
associated with the redshift and log Lr is correlated with
the superluminal velocity. This can be confirmed if we use
Padovani’s method (Padovani 1992) to deal with the rel-
evant data.

If γij is the correlation coefficient between xi and xj ,
in the case of three variables the correlation between two
of them, excluding the effect of the third one, is (Padovani
1992)

γ12,3 =
γ12 − γ13γ23

(1− γ2
13)1/2(1− γ2

23)1/2

From the data we find that the correlation coefficient be-
tween superluminal velocity and redshift, γvz ,Lr , exclud-
ing the effect of radio luminosity, Lr, is 0.132. The result
means there is nearly no correlation between superluminal
velocity and redshift: the obtained correlation is only from

Fig. 5. Relation of optical polarization and redshift

Fig. 6. Relation of optical polarization and superluminal
velocity

Fig. 7. Relation of radio flux and superluminal velocity
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Fig. 8. Relation of superluminal velocity and redshift

an effect of the correlation (at level greater than 99%)
between radio luminosity and redshift and superluminal
velocity.

3.3. Polarization

23 of the 48 superluminal objects are highly polarized.
Figure 5 shows that objects with a lower redshift have a
higher polarization than those with higher redshifts, and
Fig. 6 shows that objects with lower superluminal velocity
have higher polarizations than those with higher velocity.
That is why BL Lac objects have higher polarization and
lower superluminal velocity than quasars. Figure 9 shows
that objects with higher radio luminosity have lower po-
larization. Figure 10 shows that a higher polarization is
associated with a high ratio of radio to optical luminosity-
log Lr/L0, in agreement with Impey’s result (Impey 1987).
Figure 11 confirms Wills’ result that polarization is asso-
ciated with the core dominance (Wills 1989).

Fig. 9. Relation of optical polarization and radio flux

Fig. 10. Relation of polarization and ratio of radio to optical
flux

Fig. 11. Relation of optical polarization and core dominance
parameter

Fig. 12. Relation of superluminal velocity and core dominance
parameter
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Table 1. Objects with superluminal motions
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3.4. Core dominance parameter

If the extended emission of radio sources is unbeamed,
while the flux of the core is enhanced by beaming, the
flux ratio R of the core to the extended component should
be a beaming indicator (Scheuer & Readhead 1979), or
R indicates the orientation of the emission (Orr & Brown
1982). A correlation is then expected between R and the
Doppler factor, δ.

Ghisellini et al. (1993) obtained a significant correla-
tion (at the 99.8% level) between R and δ and a multiple
correlation analysis shows in fact that R is still correlated
with δ at the 98.8% level even when the effect of the core
flux is subtracted, which gives confidence that the core
dominance parameter is indeed a beaming indicator.

The measured superluminal velocity and the values of
δ derived from the SSC argument are compared for 46
sources: a significant correlation (99.7% level) between
the two quantities is obtained and is shown in Fig. 3
(Ghisellini et al. 1993). Obviously, we can expect that the
core-dominated objects have a high superluminal veloc-
ity. This seems to be true (see Fig. 12). From the data
in Table 1, we see that objects with higher redshifts tend
to have a larger core dominance parameter, which sug-
gests that distant objects tend to have a beaming ef-
fect. This is also consistent with the results that core-
dominated quasars have a smaller viewing angle with re-
spect to the line of sight (φ = 8.5 ± 1.7) and a stronger
Doppler effect (log δ = 0.79± 0.09) than BL Lac objects
(φ = 14.0 ± 2.5, log δ = 0.49 ± 0.13), lobe-dominated
Quasars (LDQ) (φ = 25.1± 6.4, log δ = 0.09± 0.26) and
galaxies (φ = 40.5± 8.1, log δ = 0.04± 0.09) (Ghisellini
et al. 1993).

4. Conclusions

From the above analyses, we can come to the following
conclusions. Superluminal motion and beaming effect are,
to some extent, the same thing: They are related with ra-
dio luminosity, redshift, and the core dominance parame-
ter; the optical Doppler factor is related with the super-
luminal velocity; polarization is associated with redshift,
superluminal motion, ratio of radio to optical luminosity,
and core dominance parameter; the core dominance pa-
rameter is an indicator of the orientation of the emission;
probably most of the distant objects are beamed.
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