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ABSTRACT

We have studied the comparative importance of the relativistic beaming
model (RBM) and the density variation model (DVM) in our understanding of
asymmetries in double radio sources, using their lobe separation ratio (@) and flux
density ratio (F'). Our result shows an F' — @ correlation in the sense expected
for the RBM but contrary to the DVM. We attributed the result for the DVM to
varying beam power, as its efficiency is density profile-dependent. From the core-
dominant parameter-linear size R — D relation for the RBM subsample, we found
that sources in this subsample are beamed within an optimum cone angle ¢, ~ 8°.
We posit that relativistic beaming is largely accountable for the observed structural
asymmetries in radio sources, though other effects cannot be ruled out.

RESUMEN

Hemos estudiado la importancia comparativa del modelo relativista de coli-
macion del haz (RBM) y el modelo de densidad variable (DVM) para explicar las
asimetrias de las fuentes de radio dobles, usando el cociente de la separacién de los
16bulos (Q) y el de las densidades de flujo (F). Nuestros resultados muestran una
correlacién F' — @) en el sentido esperado para el modelo RBM, pero contrario al
esperado para el modelo DVM. Atribuimos el resultado para el DVM a una poten-
cia variable en el haz, puesto que la eficiencia depende del perfil de densidad. A
partir de la relacién R — D (pardmetro central dominante vs. tamafo lineal) para
las fuentes de la sub-muestra RBM encontramos que sus haces estdn colimados
dentro de un cono 6ptimo con un dngulo ¢, ~ 8°. Proponemos que la colimacién
relativista es la principal responsable de las asimetrias estructurales observadas, si
bien no pueden descartarse otros efectos.
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1. INTRODUCTION

High luminosity extragalactic radio sources
(HLEGRSSs) are known to show double structure,
with the extended lobes straddling the compact opti-
cal component, which is often coincident with the nu-
cleus of the parent galaxy or quasar. One of the most
striking features of these double sources is that their
jets are observed only on one side of the lobes (e.g.
Bridle & Perley 1984; Onuchukwu & Ubachukwu
2013). Asymmetries have also been found in the
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angular size separation, flux densities and depolar-
ization of the two components/lobes, which could be
correlated with jet-sidedness (e.g. Garrington 1988;
Garrington et al. 1988). Whether the one sidedness
of jets in powerful radio sources is intrinsic or due
to Doppler and projection effects has been a subject
of continued controversy (e.g Saikia 1984; Onah et
al. 2014). Moreover, because the jets have to inter-
act with the intergalactic medium (IGM), the overall
structure of these sources could depend on the na-
ture of the ambient medium.

In classical double radio sources, the twin radio
lobes are believed to move out symmetrically from
the core at relativistic speeds. Thus, in powerful Fa-
naroff and Riley (1974) class IT (FR II) radio galax-
ies, which supposedly form the less beamed coun-
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terparts of quasars and which are believed to be
observed more or less in the plane of the sky, the
twin radio lobes are expected to be highly symmet-
ric both in terms of size and emitted power (e.g.
Gopal-Krishna et al. 1996). However, observational
evidence (e.g. Barthel 1989; Scheuer 1995) suggests
that this symmetric scenario is not exactly the case,
as varying degrees of structural asymmetries and
misalignments of the radio lobes are present in many
samples of FR II radio sources. These asymmetries
can be attributed to factors that could be intrinsic,
environmental and/or arising from relativistic beam-
ing and orientation effects. Thus, the ratios of an-
gular separation (@) and that of flux densities (F')
of the two components are crucial symmetry param-
eters, which could be used to study the dynamical
evolution of double radio sources (e.g. Longair and
Ryle 1979; Banhatti 1980; Kapahi & Saikia 1982).
Although Swarup & Banhatti (1981) have proposed
a possible connection between ) and F' in asymmet-
ric sources with constant beam power, the effects
of relativistic beaming appear to have significantly
contaminated the F' — @) data, so that this connec-
tion between the two asymmetry parameters is yet to
be satisfactorily understood (Conway & Strom 1985;
Onuchukwu and Ubachukwu 2013).

In the present paper, we wish to re-examine the
distribution of the angular separation ratio of the
highly asymmetric double radio sources in connec-
tion with approaching and receding lobes. This will
be based on the two popular models of asymmetries
in Active Galactic Nuclei (AGNs), namely: rela-
tivistic beaming model (RBM) and density variation
model (DVM), which among other effects have been
held largely responsible for explaining the structural
asymmetries of double radio sources (e.g Kharb et
al. 2008; Onah et al. 2014). We seek also to quanti-
tatively examine the statistical consequences of rel-
ativistic beaming on the structural asymmetries of
the highly asymmetric sources.

2. RELATIVISTIC BEAMING AND
ORIENTATION MODEL FOR ASYMMETRIC
SOURCES

If the ambient medium and jets emanating from
the opposite directions of the active galactic nuclei
are both symmetrical, then the approaching compo-
nent would always appear further from the core than
the receding component. In the relativistic beaming
model (Scheuer and Readhead, 1979), the ratio @
of the angular separation of the approaching (fapp)
and receding (fyec) components of a double radio
source is given in terms of the viewing angle (¢) by

(e.g Gopal-Krishna & Wiita 2004; Onuchukwu and
Ubachukwu, 2013)

__bapp 1+ Bcoso (1)
~ frec  1—[fcosd’

where [ is the separation velocity of the two com-
ponents from the parent object in units of the speed
of light. The study of the distribution of @ for a
complete sample of sources is crucial to understand
the physics of radio source evolution as well as the
nature of the environment in which these sources are
located (Onuchukwu, 2017).

If the approaching and receding lobes are intrinsi-
cally symmetric and the observed flux asymmetries
are predominantly a result of Doppler beaming, it
has been shown (Ryle & Longair, 1967; Longair &
Riley, 1979) that the flux density ratio can be ex-
pressed as (e.g. Arshakian & Longair, 2004)

_ (1+Bcos¢ e
r-(hms) - ©

where « is the spectral index (S, ~ v~%), while
n is a factor that defines the assumed flow model:
n = 2 for a continuous beam model, while n = 3 if
the radiating plasma consists of blobs. Radio emis-
sion from the core is characterized by flat spectra
(0 < @< 0.5), while radio lobe emission has steep
spectra (a > 0.5).

Equation (2) corresponds to the ratio (7) between
the ages of the receding-and-approaching lobes given
(e.g. Gopal-Krishna and Wiita, 2004; Onuchukwu et
al. 2014) by:

_ Tree 1 —[fBcos¢
Tapp 1+ Bcos¢’

(3)

However, relativistic beaming is fundamentally char-
acterized by a Doppler enhancement factor: ¢ =
[y(1 — Bcos)] !, where v = (1— ﬂQ)_l/Q. Hence,
the observed radio flux (Sy) depends strongly on the
viewing angle (¢) and can be expressed in terms of
the intrinsic value (S;) as Sy = S;6"T®. Thus, in
general it can be deduced from equations (1) and (2)
that F and @ have some form of jet model-dependent
relationship, which can be expressed in logarithmic
scales as

log F' ~ (n+ «a)log Q. (4)

It is obvious from equation (4) that for any assumed
jet model the slope of log F' — log @ data takes on a
range of positive values (n + o > 0) depending on
the assumed value of «. Thus, a positive correla-
tion between F' and @ is envisaged in asymmetric
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radio source samples, if the observed asymmetries
arise due to relativistic beaming effect at small orien-
tation angles. Apparently, the measurement of both
@ and F' is expected to be world model-dependent
due to the tight dependence of radio size (D) and
luminosity (P) on the assumed world model. In
the Friedmann-Robertson-Walker universe, D and P
respectively depend on luminosity distance (dr) as
(Ubachukwu 1998b)

D=0d,(1+2)", (5)

and
P =4m0d;%S (14 2)**". (6)

In the current inflationary cosmology

4
—1/2

dLZHgl/[(l—kz)Q(l+Qm)—z(2+z)QA dz,

0
(7)
where €2, and ) are, respectively, the contributions
of baryonic matter and cosmological constant to the
energy content of the expanding universe.
Similarly, the orientation effect in AGNs posits
that the projected linear size (D) depends on the
viewing angle as

D = Dy sin ¢, (8)

where Dg is the intrinsic linear size.

Consequently, in a continuous jet model, the ratio
R of the beamed flux of the core to the unbeamed
flux of the lobe can be expressed in terms of its value
at transverse alignment (Rr) in a general form (e.g.
Hough & Readhead, 1987; Fan & Zhang, 2003)

_ fir

R
2

(1—Bcos¢) "™ + (14 Bcos QS)_”'W} .
(9)

Analysis of equations (1) and (9) shows that if the
relativistic beaming effect accounts for the observed
asymmetries in EGRSs, a clear correlation is also
expected between R and () in asymmetric sources,
whose radio axes are supposedly aligned close to the
line of sight. In particular, the most asymmetric
sources are expected to be the most beamed sources.
Thus, the relativistic beaming model for asym-
metries postulates that radio sources inclined at
small angles to the line of sight should have brighter
radio cores and foreshortened projected linear sizes
(Orr & Browne 1982; Ubachukwu 2002), which
should result in a strong R — D anti-correlation,
with a consequent R — @ correlation. The anti-
correlation is expected to yield an upper envelope

function, where the relativistic beaming effect is ex-
pected to dominate, and which should provide the
best fit to the observed R — D data of source sam-
ples (e.g. Ubachukwu and Chukwude, 2002). In fact,
Odo et al. (2015) have shown that for this optimum
beaming, equation (9) can simplify to

RT,Y2(n+a)

Rmax = )
2

(10)
where, Ryax corresponds to the upper envelope
R — D function, which is expected to occur within a
critical cone angle ¢.. Within the critical cone angle,
the Doppler factor ¢ is fairly constant which yields
(e.g. Ubachukwu and Chukwude, 2002):

¢ =sin"ty7L, (11)

3. DENSITY VARIATION MODEL FOR
ASYMMETRIC SOURCES

According to the beam model of Scheuer (1974),
energy is continuously supplied to the lobes through
beams of relativistic plasma. The beams plough
their way through first the ambient interstellar
medium (ISM) of the parent object, and then
through the much hotter intergalactic medium
(IGM) until the ram pressure of the IGM finally
stops them. Studies of the environments of active
galaxies and quasars have revealed that these sources
are located in relatively dense environments and of-
ten show signs of interaction (e.g. Yee and Green
1987, Yates et al. 1989, Hutchings and Neff 1990,
Ramos Almeida et al. 2013, Orsiet al. 2016).

Swarup and Banhatti (1981) proposed a model
to account for the observed distributions of the flux
density and separation ratios of the two components
in the Ooty occultation and 3CR samples, based
on the density variation of the IGM into which the
beams propagate. This implies that there is an active
beam in the receding lobe but due to less interaction
with the IGM, its intrinsic emissivity is much lower
than that of the approaching lobe. The observed
asymmetry in Q would result if the two components
were located in dense matter of different density pro-
files.

According to Swarup and Banhatti (1981), the
ratio of the two components of a radio source can
be given in terms of the beam power L and ambient
density p, and can be equivalently written in terms
of approaching (app) and receding (rec) lobes as

Lappprec ) 1/
= ( Zaeplrec) 12
Q < Lrecpapp ( )
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Fig. 1. Scatter plot of log F' against log @ for 128 highly
asymmetric objects (a); 79 RBM objects (b); 49 DVM

objects (c).
13/8 1/8
F= (Lapp) (papp> . (13)
Lrec p!'eC

Equations (12) and (13) above suggest that in the
density variation model there should be some form of
F — @ relation. In fact, for constant beam power, we
can deduce a functional F'—Q relation of asymmetric
radio sources in the form

and

log F ~ —0.51og Q. (14)

4. DESCRIPTION OF SOURCE SAMPLE

The present analysis is based on the sample of
1045 edge brightened double radio sources drawn

from a large database contained in Tables 1 and 2
of Nilsson (1998). Sources with information on sep-
aration ratio (@), flux density ratio (F'), linear size
(D), core-dominance parameter (R) and redshift (z)
were selected and updated with the recently updated
3CRR sample (Singal 2014). 555 objects in the sam-
ple have information on @, out of which 468 objects
show asymmetric structure with @ > 1. Analysis of
@-values of the 468 asymmetric objects yields a mean
value @Q,,, ~ 1.59 £+ 0.05. Since the present investi-
gation is concerned with highly asymmetric objects
with @ >> 1, we adopt the lower limit of the mean
Q-value (Q,, =~ 1.5) as the dividing line between
highly asymmetric (Q > @,,) and less asymmetric
(Q < Q) sources. There are 153 highly asymmet-
ric objects (Q > 1.5). It is found that 25 objects in
the sample have signatures of compact steep spec-
trum (CSS) sources with D < 15 kpc (Peacock and
Wall 1982; Ezeugo and Ubachukwu 2010). Since the
CSS sources are believed to form a distinct class of
EGRSs, we excluded these CSS sources from the cur-
rent analysis, leaving only 128 objects. These 128
objects, representing =~ 27% of the asymmetric ob-
jects form our sample for current investigation.

Throughout the paper, we have adopted the
modern concordance (ACDM) cosmology with Hy =
70 kms~'Mpc~! and Qg = Q, + Q% = 1;(Q, =
0.3; Q4 = 0.7). All relevant data are adjusted in line
with this concordance cosmology. For the analyses in
this paper the degree of relationship between source
parameters is deduced by the Pearson Product Mo-
ment correlation coefficient (r) using the AXUM an-
alytical software.

5. ANALYSES AND RESULTS

In § 2, we presented the implications of two mod-
els that appear to explain the observed asymmetries
in EGRSs. Each of these models makes specific pre-
dictions, which can be tested using well-defined sam-
ples of radio sources.

5.1. ' — Q Correlations

In Figure 1 we show the scatter plots of flux den-
sity ratio (F') as a function of separation ratio (Q),
on logarithmic scales, for the whole sample and two
subsamples of highly asymmetric objects. Since we
are considering the lobe emission, which is charac-
terized by steep spectra, we have assumed n = 3
and a = 0.8 for the F-data (e.g. Nilsson 1998).
From the plot in Figure 1(a) of the 128 highly asym-
metric objects, it is observed that F' increases with
Q@ over all values of ). However, there is a steep
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Fig. 2. Distribution of the 128 highly asymmetric sources
in Q, with RBM sources (a) and DVM objects (b).

change in slope of the F' — @ at F' ~ 1 (shown
with a broken line) which corresponds to @ ~ 1.7.
Linear regression analysis of the F' — @) data yields
log F = —(0.81 + 0.03) + (2.50 £ 0.08) log ), with
a tight positive correlation r =~ 0.9. The change in
slope of the F' — @ data around F' = 1, shown with
a dotted line in Figure 1(a), suggests that the un-
derlying physics in the two panels may not be the
same for the highly asymmetric sources. Perhaps,
the truncation in Figure 1(a) at F' = 1 can be used
as the dividing line between the RBM (F > 1) and
DVM (F' < 1) models outlined in § 2. Thus, in subse-
quent analyses, for purposes of comparison of effects
of the two asymmetry models, the RBM and DVM,
we have divided the sample into two subsamples in
line with the two slopes indicating that the physics
in the two planes is not the same: one with @ > 1.5
and F' > 1, which we call the RBM subsample be-
cause their properties fit into the relativistic beam-
ing model. On the other hand, because the sample
used defines @@ > 1, we assume that all sources with
@ > 1.5 and F < 1 should correspond to the DVM.
There are 79 objects in the RBM sub-sample and 49
objects in the DVM sub-sample.
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Fig. 3. Distribution of flux density ratio (F') for the 128
highly asymmetric sources.

The plot in Figure 1(b) for the RBM subsam-
ple shows a tight correlation between F' and @ in
which more highly asymmetric sources tend to have
higher flux ratio as expected in the relativistic beam-
ing model of asymmetries (c.f. equation 3). Lin-
ear regression analysis of the F' — @) data yields
log ' = —(0.47 £ 0.01) + (1.82 £ 0.03) log @ with
a near perfect correlation coefficient, r ~ 0.99, at
95% confidence. Similarly, the F' — @ plot in Fig-
ure 3(c) for the DVM subsample yields log I =
—(2.48+0.06)+(10.1940.28) log @, with a tight pos-
itive correlation r ~ 0.98 at 95% confidence, which is
hard to understand in terms of the density variation
of ambient medium that predicts an inverse F' — Q
relation (c.f. equation 11).

5.2. F and @ Distributions

The distribution of the separation ratios (Q)
of the 128 highly asymmetric objects is shown in
Figure 2. The distribution gives mean values of
2.76 £0.15 and 1.60 £ 0.01 respectively for the RBM
and DVM subsamples. An obvious feature of the
plot is the wide difference in range of Q-data for
the RBM and DVM sub-samples, with that of RBM
being much wider than DVM, perhaps due to the
beaming effect. Furthermore, while the distribution
in (a) is somewhat unitary, with a long asymmetric
tail, that in (b) appears to be bimodal. This again
seems to suggest that the mechanisms that produce
the observed structural symmetries in the two sub-
samples are different. However, a two sample K-S
test on the @Q-data of the samples yields a chance
probability p = 0.37. Thus, there is no statistically
significant difference between the underlying distri-
butions of RBM and DVM objects in ). We in-
terpret this to mean that relativistic beaming and
density variation effects play comparable roles in de-
termining the structural asymmetries of the whole
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Fig. 4. Scatter plot of R against D for the RBM sample.
(a) with outlier; (b) without outlier

sample. The asymmetric tail in Figure 2(a) is a
signature of two sources, namely, (2359 - 690) and
(2359 - 691), which are actually among the uniden-
tified objects in the sample. Nevertheless, their ex-
clusion in the analysis does not change our results
significantly.

The histogram distribution of the sample in flux
density ratio (F) is shown in Figure 3. The distri-
bution is apparently unitary, with a mean value of
1.724£0.20. We observe that 49 objects representing
38% of the asymmetric sources are consistent with
the density variation model, while the other 79 ob-
jects & 62% are consistent with relativistic beaming
model and are difficult to understand in terms of the
density variation of the ambient medium.

Thus, in general, it could be argued from the dis-
tributions of @) and F' that relativistic beaming and
density variation in ambient medium have compara-
ble effects in determining the structural asymmetries
of the sample. A unified model would therefore be
required to account for all the observed features of
the Q and F distributions of the asymmetric sources.
This is taken up in a follow-up paper (Alhassan et
al. in preparation).

5.3. R — D Relation

To investigate the effects of relativistic beaming
in the current sample, the core-to-lobe luminosity
ratio (R) is plotted as a function of projected linear
size (D) for the RBM sub sample of highly asym-
metric sources in Figure 4. There appears to be a
general R — D trend suggestive that larger sources
are less beamed. However, the presence of an out-
lier (2347+30) among the RBM objects (enclosed in
a circle in Figure 4(a)) is significant and seems to
distort the general trend. The observed radio prop-
erties of this object (e.g. Nilsson et al. 1993) sug-
gest that it is a weak FR II radio galaxy, for which
relativistic beaming can be considered less impor-
tant. Thus, we exclude the object from further anal-
yses of the RBM sample. One-dimensional regres-
sion analysis of the data (without the outlier) yields
log R = (0.910 £ 0.130) — (0.0002 4 0.0001)D , with
a correlation coefficient r ~ —0.4. This result sug-
gests that for the RBM objects there is a tendency
for smaller sources to be beamed, compared to larger
sources, as expected in the relativistic beaming sce-
nario.

It is interesting to observe that removal of the
outlier from the analysis reveals a well-defined up-
per envelope, which corresponds to the extremely
beamed sources in our sample, as shown in Fig-
ure 4(b). Optimum beaming is expected to occur
in the upper envelope function. We therefore carried
out an analysis of the upper envelope function in
four uniform bins of D, namely, D < 1000; 1000 <
D < 2000; 2000 < D < 3000 and D > 3000 kpc.
The linear fit to the upper envelope data yields:
log R = (2.441 £+ 0.471) — (0.0007 4 0.0002) with
r ~ —0.9, which is consistent with Ry.x ~ 275.
Thus, using Ry = 0.0008, which appears to be con-
sistent with low frequency (178 MHz) surveys such
as considered here (e.g. Ubachukwu 1998; Alhas-
san et al. 2011), we obtain a bulk Lorentz factor
v = 7 with the radiation beamed into a cone angle
of ¢. = 8° via equations (10) and (11) respectively,
with n = 3 and average spectral index, o = 0.75.

5.4. R — Q Relation

To check the consistency of our results on the
effects of relativistic beaming and orientation in the
current sample, the core-to-lobe luminosity ratio (R)
is plotted as a function of angular separation ratio
(Q) for the two sub samples of highly asymmetric
sources in Figure 5. Linear regression of the data
yields log R = (1.38+£0.30) — (0.81£0.85) log @, with
a correlation coefficient r» &~ —0.4, for the RBM sub-
sample and log R = (1.35+2.83)—(2.85+14.16) log Q
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TABLE 1
MEDIAN VALUES OF ASYMMETRIC PARAMETERS FOR LOW AND HIGH REDSHIFT

z Fred Qmed Dined Rined

z>1 2.36 +0.92 2.71 +£2.32 89.70 £+ 30.04 0.21 £0.12

z<1 0.79 +0.03 1.72 £0.02 101.90 + 32.99 0.38 +0.09

3.0F " ' ' ' ' " 6. DISCUSSION AND CONCLUSION
251 . 1 We have investigated the effects of relativistic
20} N * ) beaming and density variations to account for the
~ e v 1 observed structural asymmetries of highly asymmet-
3 151 ! LU ] ric radio sources. Our results suggest that neither
1.0 LI 1 the relativistic beaming nor the density variation
05t R - ;‘. : P . . ] model alone is adequate to account for all the ob-
0.0k h S L IR S o ] served features in terms of the distributions of the
01 02 03 0.4 05 0.6 07 angular separation ratio () and flux density ratio F'
LogQ of the present sample. The results, however, show

Fig. 5. Scatter plot of core-dominance parameter as a
function of separation ratio for the RBM objects (filled
circle) and DVM objects (plus +).

with r = —0.04, for the DVM subsample. The DVM
subsample shows no R— @) correlation as expected in
the DVM model while the RBM subsample suggests
a marginally significant R — @ correlation, but in the
sense opposite to that expected of the RBM model.

5.5. Effects of Redshift (2)

A redshift-dependent density variation of asym-
metric sources of the form p ~ (1 + z)3 has been
predicted to explain the variation of intergalactic
medium (IGM) of extragalactic radio sources. This
is expected to yield more asymmetric sources at an
earlier epoch, implying that smaller sources should
be more asymmetric than larger sources (Gaibler and
Krause, 2011).

We tested the consistency of this effect on the
present sample of highly asymmetric sources. Thus,
we divided the sample into low and high z (z < 1 and
z > 1) respectively and compared the median value
data of flux density ratio, separation ratio, linear size
and core-dominance parameter at the two-redshift
regimes for consistency. The results are consistent
with the prediction that smaller sources are located
at higher redshifts and tend to be more asymmetric,
with higher values of the asymmetry parameters F'
and @ than larger sources. A summary of the results
is presented in Table 1.

that the relativistic beaming model and the density
variation model have somewhat comparable effects
on the evolution of double radio sources.

A major result of the current investigation is the
similarity in trends and strength of correlation be-
tween the flux ratio and separation ratio of the sam-
ple. While the RBM sample in this sense can be
explained fully in terms of relativistic beaming ef-
fect, the DVM sample is yet to be understood in
terms of an underlying density variation hypothe-
sis (Onuchukwu and Ubachukwu, 2015). Although
the F' — @ trend in the DVM sample is consistent
with the opinion that the radio source flux density
ratio is sensitive to structural asymmetry (Gaibler
and Krause, 2011), it appears not to be consistent
with the F'— @ anti-correlation expected in the den-
sity variation model (Swarup and Banhatti 1981).
Figure 3 thus appears to be more consistent with
the RBM hypothesis, which predicts a positive cor-
relation between F' and ). The density variation
model predicts an inverse correlation between F' and
(@@ which is not observed here. If we assume that
there is no intrinsic variation in L, then a density
variation of about six orders of magnitude would
be required to explain the largest F' values in the
present sample.

Gopal-Krishna and Wiita (1991) have shown that
the beam efficiency depends on the density through
which the relativistic beams propagate. In other
words, L is not expected to be constant but to de-
crease with an increase in density. It should there-
fore be expected that papp > prec; Lapp < Lrec SO
that small Q values do not necessarily imply large
F values. This could explain the observed F' — @
correlation for the DVM contrary to expectation.
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The results obtained from the RBM are consis-
tent with Onuchukwu et al. (2014), which argued
that the observed asymmetries in radio sources are a
result of Doppler boosting or orientation effects. The
apparent lack of correlation between R (the beam-
ing indicator) and @ (the asymmetry parameter) in
the DVM subsample does not seem to suggest that
relativistic beaming accounts for all observed struc-
tural asymmetries of the sample. The result appears
to be in agreement with some previous results (e.g.
Onah et al. 2014; Onuchukwu et al 2014) that ar-
gued for both intrinsic and environmental effects (in
addition to relativistic beaming) to account for the
observed asymmetries in powerful radio sources. In
fact, Kharb et al. (2008) suggested that () appears
to be more sensitive to intrinsic and environmental
asymmetries than to the relativistic beaming effect
for a sample of FR II radio galaxies. Perhaps the
strong dependence of Q on intrinsic/environmental
effects has given rise to the apparent lack of R — @
correlation in the DVM subsample analysis.

We have also shown that smaller sources located
at higher redshifts are associated with asymmetries
higher than those of larger sources located at lower
redshifts. Perhaps it could be argued that the strong
positive correlation between F' and @ obtained for
both RBM and DVM samples is a result of the red-
shift effect on the samples. Thus, we tested the de-
pendence of the source asymmetry parameters on
redshift by looking for any correlation between the
parameters and redshift for both the high redshift
(z > 1) and low redshift (# < 1) sources. The re-
sult yields » > 0.8 as the correlation coefficient for
the @ — z and F — z relations at all redshifts. This
actually shows that the redshift effect is significant
in these parameters. However, we eliminated the
redshift effect by subtracting out the common de-
pendence of Q and F on redshift from the FF — Q
correlation using the Spearman partial correlation
statistic, which is a non-parametric statistic involv-
ing cross-correlation of the parameters, and is given
in general by (e.g. Ubachukwu et al. 2002)

T12 — T12723
1/2°
[(1—r2) (1 —12,)]"

This tests whether there is a significant correlation
between two quantities 1, 2 (F, Q) that does not re-
sult from both being separately correlated with a
third quantity 3 (z). This implies that a correlation
between the first two parameters is kept constant.
This statistic varies from —1 (for a perfect inverse
correlation) to +1 (for a perfect positive correlation)
with 0 representing null correlation. The results of

r12,3 = (15)

the non-parametric analysis at 95% confidence give
rgQr,. > 0.9 at all redshift regimes. Thus, we argue
in this paper that the F'— @ correlations observed in
the two model subsamples are independent of cosmo-
logical effects. The tight correlations may therefore
be intrinsic, rather than an artifact of redshift in the
present sample of highly asymmetric radio sources.
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