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ABSTRACT

We use statistical methods of analysis to show that Large extended extragalactic radio sources
(large EGRS) and compact steep spectrum (CSS) sources are similar sources evolving in different
environments. Because of the diversity of their ambient media, one suffers higher magnitude of jet
re-acceleration than the other. Linear regression analysis of observed source linear sizes, D, of
large extended extragalactic radio quasars against their individual observed redshifts, z, was carried
out. With appreciable correlation coefficient, result shows that D relates with redshift(z) according to
the equation, D = K (1 + z)~*°; where X is a constant. The relation shows that projected source
size is smaller at earlier epoch in the evolution of the universe. In addition, if we take D to be
distance between any two points in space, then the relation may mean that the diameter of the
universe is smaller at earlier epoch of its evolution. Moreover, with some plausible assumption, we
find that jet velocity may be written as, v;~[Pgs (1 + 2)3]%%. This indicates that mechanism of jet
production derives from the source central core (presumed to house a super massive blackhole), as
well as, from cosmic evolution. Since cosmic evolution is propelled by dark energy, the relation
simply shows that dark energy enhances jet expansion more than blackhole power. Dark energy
creates more empty spaces. It is anti-gravity in nature, and is believed to be the driving force behind
cosmic dilation. Moreover, we estimate the magnitude of the effect of dark energy on the jet
expansion to be three times the effect caused by blackhole power. Therefore, this result suggests
that in addition to other factors, a culprit for re-acceleration mechanism for radio jets is dark energy.
In order to check the authenticity of the assertion, we carry out linear regression analyses of
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observed luminosities, (), against observed redshifts for both the extended extragalactic radio
guasars and CSS quasars. With good correlations in both cases, we obtain P~(1 + z)%; where
a = 0.04 and 4.33 for the extended quasars and CSS quasars respectively. The results show strong
dependence of source luminosity on redshift. Moreover, the staggering difference in their indices
suggestively implies that if we match the two samples at similar redshifts, luminosities of CSS
guasars will be higher than those of the more extended sources. Hence, the results show that at
similar epoch, luminosities of the more extended quasars are more extinguished (or more
attenuated) than those of the CSS quasars. The jets and lobes of the larger/extended quasars are
located in the intergalactic medium (IGM). This medium is very much rarefied and dark energy
should be expected to exhibit more effect there than in the interstellar medium (ISM). On the other
hand, the components of the CSS sources are sub-galactic. This means that they are buried in the
dense ISM. In this medium, there is lesser manifestation of dark energy. Therefore, the disparity in
the two indices (0.04 and 4.33) simply indicates manifestation of dark energy. Due to more rapid
expansion of the IGM in which the jets and lobes of the extended sources are located, their
luminosities are diluted more by more spaces created by dark energy in that medium. This shows
that Large EGRS and CSS sources are similar sources evolving in different ambient media.
Therefore, because of the diversity of their ambient media, large EGRS suffers higher magnitude of
jet re-acceleration than the CSS source. In addition to this, we may state that dark energy is a
suspect in enhancement of re-acceleration of the extragalactic jets. In conclusion, our results
suggest that in addition to being similar sources evolving in different ambient media, a factor which
fuels re-acceleration of extragalactic radio jets is dark energy.

Keywords: Cosmic evolution; linear size; astronomical distance; luminosity; radio sources; quasars;
dynamical evolution; re-acceleration; dark energy.

1. INTRODUCTION overall luminosities are found to be > 103”W [4—
11].

Extragalactic radio sources (EGRS) emit large
amount of radio radiation. These are those
sources with high ratio of radio to optical
emission. This ratio is generally defined by the

However, the compact steep spectrum (CSS)
sources are scaled-down versions of the more
extended sources with projected linear sizes well

quotient of the two flux densities given
bY Ss gHz/Sex1056uz > 10 [1-5]. They are found
outside the Milky Way galaxy. They are mainly
made up of the following sub-classes: radio
galaxies and radio-loud quasars [1-12]. Radio
emission from these sources commonly takes
the morphology of two opposite sided relativistic
jets emanating from the central core presumed to
harbour a super massive blackhole. The jets
terminate with strong shocks forming lobes. The
two radio-emitting lobes straddling the central
component which is more or less coincident with
the nucleus of the host galaxy is irregular in
shape [1,4,7]. In some sources, the lobes contain
hotspots believed to be the termination points of
the radio jets [1,4,7].

The more extended EGRS have linear sizes, D,
given by D > 30 Kpcassuming Hubble constant,
Hy, = 75 kms~*Mpc~?. Since 30 Kpci s roughly the
diameter of a typical galaxy, then it simply means
that the jets and lobes of these sources are
located in the intergalactic media. Their radio
luminosity is in excess of 102°W at 5 GHz and

below 30 Kpc.They comprise radio galaxies and
radio-loud quasars but on sub-galactic
dimensions. They show steep spectra (a =
0.5,5,~vf; where S, is flux density, a, spectral
index, and v, , spectral turnover) at high
frequencies (e.g. = 0.02 GHz) from the entire
radio morphological structures; hence, their
name. Their radio luminosities at 5 GHz are
above10%'W; while their bolometric luminosities
are higher than 103”wW [12-18].

A number of authors have wondered on the
relationship between CSS sources and larger
EGRS. Sequel to this, some authors have come
up with some models for the evolution of these
sources. These models include: Youth Scenario
(i.,e. young evolving sources), Frustration
Scenario (i.e. sources confined by dense gases
in their respective interstellar media), and
Relativistic Beaming and Orientation Effects (i.e.
the source sizes are foreshortened by orientation
and projection effects) [12-18].

It has been pointed out by some authors that
presence of jets in radio sources generally



depicts presence of gaseous ambient media [12-
18]. Some hydrodynamic simulations of jet
propagations in dense media have been carried
out to investigate their properties and nature [5—
6]. Some of the results in literature have shown
that the jets are made up of fast moving particles
(presumably electrons) [12-13,19].

In addition to the foregoing, many authors have
been puzzled on the mechanism behind the un-
attenuated nature of the speeds with which the
jet particles propagate through the immense
distances from the central core to the radio-
emitting lobes. Some authors have suggested
that there must be some re-acceleration
mechanisms. This shows that the particles’
kinetic energies may be boosted by some
mechanisms while on their way to the lobes [4]. It
is generally believed that if this is true, then
layers of magnetic fields present in the
intergalactic media should be a suspect [4].
However, this has been a presumption and there
is no concrete evidence for the assertion.
Therefore, in this paper, we show that dark
energy is a culprit behind this re-acceleration
phenomenon; and that Large extended
extragalactic radio sources and compact steep
spectrum sources are similar sources evolving in
different environments. Because of the diversity
of their ambient medium densities, one suffers
higher magnitude of jet re-acceleration than the
other.

This is done by carrying out some regression

analyses using samples of some powerful
extragalactic radio sources. The first sample
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contains large extended extragalactic radio-loud
guasars obtained from [20]. Their projected linear
sizes are well above 30Kpc, and are 170 in
number. The second sample contains 27 CSS
quasars obtained from O’Dea (1998)[15].

2. SIZE/REDSHIFT (D/z) RELATION

In this section, we carry out linear regression
analysis of source projected linear sizes of
guasars and observed redshifts (see Fig. 1).

Results from the D —2z plane shows that
projected linear size and source redshift are
connected according to the following relation:

LogD = 2.562 — 1.522Log(1 + z) (1)
If we assume that the correlation is appreciable

(with correlation coefficient given as0.41), we
may rewrite equation (1) to be

D=K(1+2z)"° (2)
where, K is a constant.
Or evaluating further, we obtain

z~D72/3 -1 ()

Equation (3) shows that projected source size is
smaller at earlier epoch. In addition to that, if we
take D to be distance between any two points in
space, then equation (3) may mean that the
diameter of the universe is smaller at earlier
epoch.
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Fig. 1. The scatter plot of source observed linear sizes against observed redshifts for extended
quasars



Assuming that the radio jet is confined by ram-
pressure balance with the ambient medium, we
have [16,20, 21]

where P; is jet internal pressure,n is particle
number density of the source ambient medium,
my, is hydrogen mass, and v, is jet velocity. From
(4), we derive blackhole power, Pz, (i.€. power
supplied by the blackhole to the jet). This is given
by

Py = nmycviD? 5

Evaluating for jet velocity, we obtain
Pax \2

= (et D7) ®)

Combining equations (2) and (6), we get
» :

Vi ¥ (nmhcr[K(Zfi z)—1.5]z) @
This implies

0~ [Parc (1 + 2)° ]2 ®)

This therefore indicates that jet expansion is
powered by both blackhole and cosmic evolution.
Since cosmic evolution is propelled by dark
energy (i.e., the intrinsic tendency of vacuum/free
space to expand in volume), equation (8) simply
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more than blackhole power. Dark energy creates
more empty spaces. It is anti-gravity, and is
believed to be the driving force behind the
evolution (or expansion) of the universe [22].
Using the indices in the equation, we estimate
the magnitude of the effect of dark energy on the
jet expansion to be three times the effect caused
by blackhole power. Therefore, we suggest that
in addition to other factors, a culprit for
reacceleration mechanism for radio jets may be
dark energy.

3. LUMINOSITY/REDSHIFT (P /z)
3.1 Relation

We also carry out linear regression analyses of
observed luminosities, P , against observed
redshifts for both the extended extragalactic
radio quasars (Fig. 2) and CSS quasars (Fig. 3).

From P — z data (Fig. 2), we find the relation,
Log P = 1.64 + 0.04Log 3 9

With correlation coefficient given as» = 0.8, we

see that source Iluminosity shows strong
correlation with redshift. Transforming the
equation, we obtain

P~(1+ 3)00* (10)

Moreover, from P — z plane for CSS quasars
(Fig. 3), we obtain similar relation. This is given
by

states that dark energy enhances jet expansion Log P = 26.46 + 4.33Log 3 (1D
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Fig. 2. The scatter plot of source observed luminosities against observed redshifts for the
extended quasars
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Fig. 3. The scatter plot of source observed luminosities against observed redshifts for the CSS
guasars

It shows good correlation too with » = 0.8 .
rewriting the equation, we have

P~(1+ z)*33 (12)
Generally, the results (10) and (12) obtained
from the analyses of the two samples simply
indicate strong dependence of source luminosity
on redshift. Moreover, the staggering difference
in their indices suggestively implies that if we
match the two samples at similar redshifts,
luminosities of CSS quasars will be higher than
those of the more extended sources just as is
roughly shown in Fig. 4.

LogP C55 quasars
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Fig. 4. Schematic diagram of variation of
luminosities of CSS quasars and larger EGR
guasars when matched at similar redshifts
(Solid line represents CSS quasars’
luminosities while broken line shows
luminosities of the more extended EGRSS).

This result shows that at similar epoch,
luminosities of the more extended sources are

more extinguished/attenuated than those of the
CSS sources. It is good to note that components
(jets and lobes) of the larger sources are located
in the intergalactic medium (IGM). This medium
is very much rarefied and dark energy shows
more effect here. However, the components of
the CSS sources are sub-galactic. This means
that they are encapsulate by the dense gases in
the interstellar media (ISM). In this medium,
there is lesser manifestation of dark energy.
Therefore, the disparity in the two indices simply
indicates manifestation of dark energy. Due to
more rapid expansion of the IGM in which the
jets and lobes of the larger sources are located,
their luminosities are diluted more by more
spaces created by dark energy in that medium.
This also shows that dark energy is a suspect in
enhancement of re-acceleration of the
extragalactic jets.

4. DISCUSSION

We use statistical methods of analysis to show
that Large extended extragalactic radio sources
and compact steep spectrum (CSS) sources are
similar sources evolving in different
environments. Because of the diversity of their
ambient medium densities, larger sources suffer
higher magnitude of jet re-acceleration than the
CSS sources.

We have proved this by carrying out linear
regression analysis of observed source linear
sizes, D, of the more extended extragalactic
quasars against their individual observed
redshifts, z, (see Fig. 1).Result shows that D
relates with redshift (z) according to the
equation, D = K(1 + z)~5;



where X is a constant, » = 0.4 is the correlation
coefficient. Even though the correlation is
marginal, we consider it good enough for
observed data in the field of astronomy. The
relation shows that projected source size is
smaller at earlier epoch in the evolution of the
universe. Moreover, if we take D to be distance
between any two points in space, then the
relation may mean that the diameter of the
universe is smaller at earlier epoch of its
evolution.

If we assume jet confinement by ram-pressure
balance with the particles of the medium through
which it propagates [16,20,21], then jet velocity
may be given by, v;~[Pg(1+2)*]°° . This
indicates that jet velocity is powered by blackhole
and cosmic evolution. Since cosmic evolution is
propelled by dark energy, equation (8) simply
states that dark energy enhances jet expansion
more than blackhole power. Dark energy creates
more empty spaces. It is anti-gravity in nature,
and is believed to be the driving force behind
cosmic dilation [22]. Using the indices in the
equation, we estimate the magnitude of the effect
of dark energy on the jet expansion to be three
times the effect caused by blackhole power.
Therefore, this result suggests that in addition to
other factors, a culprit for reacceleration
mechanism for radio jets may be dark energy.

In addition, we carry out linear regression
analyses of observed luminosities, (P), against
observed redshifts for both the extended
extragalactic radio quasars (Fig. 2) and CSS
quasars (Fig. 3).

From P — z data (Fig. 2) for the more extended
sources, we find the relation,P~(1 + z)%%*, with
correlation coefficient given as 0.8.This shows
that source luminosity shows strong correlation
with redshift. Moreover, from P — z plane for the
CSS quasars (Fig. 3), we obtain similar relation,
P~(1+2)** , with 0.8 as the correlation
coefficient.

The results (10) and (12) obtained from the
analyses of the two samples simply shows strong
dependence of source luminosity on redshift.
Moreover, the staggering difference in their
indices suggestively implies that if we match the
two samples at similar redshifts, luminosities of
CSS quasars will be higher than those of the
more extended sources (see Fig. 4).This result
shows that at similar epoch, luminosities of the
more extended quasars are more extinguished
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(or more attenuated) than those of the CSS
guasars.

The components (i.e., jets and lobes) of the
larger sources are located in the intergalactic
medium (IGM). This medium is very much
rarefied and dark energy should be expected to
exhibit more effect there than in the interstellar
medium (ISM). On the other hand, the
components of the CSS sources are sub-
galactic. This means that they are buried in the
dense ISM. In this medium, there is lesser
manifestation of dark energy. Therefore, the
disparity in the two indices in equations (10) and
(12) simply indicates manifestation of dark
energy. Due to more rapid expansion of the IGM
in which the jets and lobes of the larger sources
are located, their luminosities are diluted more by
more spaces created by dark energy in that
medium. This also shows that dark energy is a
suspect in enhancement of re-acceleration of the
extragalactic jets.

5. CONCLUSION

In conclusion, our results suggest that dark
energy is a suspect behind re-acceleration
phenomenon; and that Large extended
extragalactic radio sources and compact steep
spectrum sources are similar sources evolving in
media of different densities. Because of this
difference in their ambient medium densities,
larger sources are subjected more to higher
magnitudes of jet re-acceleration than the CSS
sources.
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