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ABSTRACT

In this work, we use both analytical methods and statistical methods to find effect of dark energy on
the extragalactic radio (EGR) quasar luminosity evolution. We carry out linear regression analysis of
observed source linear sizes (D) of the more extended radio quasars against their corresponding
observed redshifts (z) in our sample. Also, we carry out similar analysis on the observed linear sizes
of compact steep spectrum (CSS) quasars against their corresponding observed redshifts. Results
of the regressions indicate that if we take D to be distance between any two positions in the
environment in which the source is domiciled, then cosmic evolution relates inversely with the
distance between the two positions in question — it is given by (1 + z)~D~¥; where 1 = 0.6 and 0.4
for the more extended EGR quasars and CSS quasars respectively. Since “a higher redshift implies
an earlier epoch”, and redshift has a direct dependence on expansion velocity between any two
points in space, the results of the analyses simply suggest that at earlier epoch, the expansion rate
of the universe was higher. Our results also indicate that the effect of cosmic evolution in the
extended EGR quasars is more than the effect in the CSS quasars (i.e.D,werg) > Dz(cssg))- Since
the linear sizes of the more extended EGR quasars are projected into the intergalactic medium
(IGM), while the linear sizes of the CSS quasars are domiciled within their individual host galaxies
(i.e. the interstellar medium [ISM]), the result (DZ(EGR@ > DZ(CSS@) can be interpreted to mean that
cosmic evolution shows greater effect in the IGM (i.e. more rarefied medium) than in the ISM (i.e.
less rarefied medium). Hence, from the results of the analyses, we may state that if dark energy is
defined as the intrinsic tendency of vacuum (or free space) to increase in volume, then the
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inconsistency in D,ggroy @nd D,(csso) is sSimply a manifestation of dark energy. Therefore, we may
state that dark energy constitutes a driving parameter behind cosmic evolution. Moreover, semi-
empirically, we find that as Pegizcsse) » Peeizero)] » Pesso > Peoro » Where Pegizcssg) and
Peelz(ro)) @re powers of the central engines of CSS quasars and the more extended quasars
respectively. Pcsso and Pggro are respectively luminosity of CSS quasars and that of the more
extended quasars. It states that the power of the central engine of the CSS quasar is much greater
than that of the more extended quasar when matched at the same epoch. This is in harmony with
luminosities (Pcssq and Pggrq) Since they are expected to show direct power-law function with the
source central engine. In conclusion, our results suggest that since the components of the more
EGR quasars are in the IGM and D,gro) > D,(cssg), dark energy may be responsible for the

diminution effect on their luminosities.

Keywords: Dark energy; luminosity; central engine; cosmic evolution; linear size; radio sources;

guasars; redshifts.

1. INTRODUCTION

The building blocks of the Universe are the
galaxies. In terms of their luminosities, galaxies
can be classified into sub-groups: namely,
normal galaxies and active galaxies. Active
galaxies are those galaxies that radiate in excess
of 103°W [1-4]. Unlike the normal galaxy whose
radiation comes from the constituent stars, an
active galaxy radiates copious amounts of
radiation from its three major components:
namely, central engine (believed to harbor a
supper massive blackhole), two-sided jets
emanating from the central engine, and two-
sided lobes fed by the jets [1-4].

Active galaxies consist of radio-loud sources and
radio-quiet sources. The former are commonly
referred to as extragalactic radio sources
(EGRS). EGRS emit large amount of radio
emission. They show high ratio of radio to optical
emission. This ratio is generally defined by the
quotient of the two flux densities given by
S5 oHz/Sex105Guz > 10 [1-7]. They comprise radio
galaxies, radio quasars and BL Lacertae objects
[4-8]. Observationally, radio radiation from these
EGRS generally assumes the morphology of two
opposite sided relativistic jets connecting the
base of the accretion disk to two radio-emitting
lobes straddling the central engine [1-8]. The jet
is believed to serve as a conduit through which
jets materials reach the lobe. In some sources,
the lobes contain hotspots believed to be the
termination points of the jets [1-8].The jets of
these sources are projected into the intergalactic
medium (IGM). It is good to note that this
medium is almost a perfect vacuum where
vacuum energy (or dark energy) takes effect.

Compact steep spectrum sources (CSSs), on the
other hand, belong to this class of active galaxies
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known as extragalactic radio sources (EGRS)
that radiate more in the radio wavelengths [9-14].
The major difference between the CSSs and the
more extended EGRSs is their miniaturized
nature but yet powerful in radiation [9-14]. They
constitute a remarkable class of radio sources
accounting for a substantial fraction of the
extragalactic sources selected, especially, at high
radio frequencies where the source counts are
usually dominated by flat spectrum (spectral
index, ¢ < 0.5,5, o« v~%; where S, is flux density).
They are not just cores that show steep spectra,
rather they are full-fledged radio galaxies and
quasars complete with jets and lobes, but on
small scale [9-14]. They have been shown to
contain special characteristics that make them be
considered as a separate class of objects in
addition to lobe- and core-dominated Active
Galactic Nuclei (AGNs). They are usually found
at high redshifts (generally, they tend to have
redshift distribution of z < 4), and are among
high luminosity sources [9-14]. The CSS sources
are sub-galactic in dimension. This implies that
their linear sizes are well below 30 Kpc; and their
components are buried in the interstellar media
(ISM). The more extended EGRSs have linear
sizes, D, given by D > 30 Kpc assuming Hubble
constant, H, = 75 kms~*Mpc™1. In all cases, their
linear sizes extend into the IGM. Their radio
luminosity is in excess of 102°W at 5 GHz; and
overall luminosities (P,,; = 103’W) in  common
with the CSS [4-14].

Furthermore, it has been well noted that
presence of jets in radio sources simply suggests
presence of gaseous ambient media [15-18]. A
number of hydrodynamic simulations of jet
propagations have been performed to examine
their physical properties [15-16]. These studies
show that jet materials have smaller masses than
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those of the ambient medium. Besides, Ezeugo
and Ubachukwu (2010) [13] obtained a model for
evolution of CSS sources (which is a subclass of
EGRSs) and used it to estimate their ambient
densities. In this work, we use analytical and
statistical methods to find effect of dark energy
on the extragalactic radio sources (EGRS)
evolution

Dark energy is simply the intrinsic tendency of
vacuum (or free space) to increase in volume. It
brings more spaces into existence. This energy
is anti-gravity, and is believed to be the driving
force behind the evolution (expansion) of the
universe [19].

The extragalactic radio sources used in the
analyses are obtained from [15]. They are made
up of 170 extended radio-loud quasars with
observed linear size, D > 30Kpc. The second
sample contains 31 CSS radio-loud quasars
obtained from [12]

2. COSMIC EVOLUTION AND IGM

In this section we use the more extended EGR
qguasars in the analyses. The projected linear
sizes of these sources are of extragalactic
dimension (D > 30 Kpc) — their components (jets
and lobes) are located in the IGM. This is
because the size of a typical galaxy is = 30 Kpc.
Therefore, whatever result obtained in this
section has been affected by the most rarefied
medium - the IGM. We carry out linear
regression analysis of observed source linear
sizes, D, of the more extended EGR quasars
against their corresponding observed redshifts, z,
(Fig. 1) in our sample.

3.5

LA .
R R
25 | RS

Log >

15 |

0.5 |

0.2 0.4 0.6 0.8

Log (1+z)

Fig. 1. The scatter plot of source observed
linear sizes against observed redshifts for
extended quasars

Results of the regression show that D relates
with z according to the equation:
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LogD = —1.595Log(1 + z) + 2.657 (D

The correlation is good with coefficient, r = 0.50;
therefore, equation (1) may be rewritten as

D~(1+z)~1¢ 2)
Or making (1 + z) subject, we obtain

(1+2)~D™® 3)
This shows that

z = z(D) 4

Therefore, if we take D to be distance between
any two positions in the IGM, then equation (3)
shows that cosmic evolution has an inverse
power-law function with the distance between the
two positions. This implies that at earlier epoch,
the expansion rate of the universe was higher.

3. COSMIC EVOLUTION AND ISM

Here, we use CSS quasars in the analyses. The
projected linear sizes of these sources are of
sub-galactic dimensions (D < 30Kpc) — their
components (jets and lobes) are located in the
ISM. Therefore, whatever result obtained in this
section has been affected by the dense gases in
the interstellar medium. Ezeugo and Ubachukwu
[13] have shown that these radio sources are
evolving in dense interstellar media unlike their
extended counterparts.

On the D —z plane (Fig. 2), we obtain the
relation:
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Fig. 2. The scatter plot of linear size against
redshift for CSS quasars

LogD = —2.49Log(1 + z) + 0.89 (5)
With correlation coefficient, r = 0.4. Even though
the correlation is marginal, it is still in consonance

with the result obtained for the more extended
guasars. So, if we assume it is good enough for
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observed physical parameters such as these, we
may transform equation (5) to obtain.

D~(1+2)728 (6)
Or, as before, we make (1 + z) subject, to find

(1+2z)~D04 7
This shows that

z=z(D) ®

Therefore, just as pointed out earlier, if we take D
to be distance between any two positions in the
ISM, then equation (7) shows that cosmic
evolution has an inverse power-law function with
the distance between the two positions. This also
implies that at earlier epoch, the expansion rate
of the universe was higher.

4. DARK ENERGY
EVOLUTION

AND COSMIC

As stated earlier, dark energy is the intrinsic
tendency of vacuum (or free space) to increase
in volume. It brings more spaces into existence.
This energy is anti-gravity, and is believed to be
the driving force behind the evolution (expansion)
of the universe [19]. From (3) and (7), we have

)

Where D,groy represents cosmic evolution
effect in the extended quasars, and D,ssg), the
effect in CSS quasars. Since the linear sizes of
the extended radio-loud quasars jut into the IGM,
while the linear sizes of the CSS radio-loud
guasars are located within their individual host
galaxies, therefore, equation (9) can be
interpreted to mean that cosmic evolution shows
greater effect in the IGM (more rarefied medium)
than in the ISM (less rarefied medium). Hence,
from the foregoing, we may state that if dark
energy is defined as the intrinsic tendency of
vacuum (or free space) to increase in volume
[19], then the inconsistency in D,grey and
D,(cssqy 1S simply the manifestation of dark
energy.

5. POWER OF THE CENTRAL ENGINE

D, E6ro) > Dzcsso)

The standard beam model for EGRS in general
states that jet materials (presumably electrons)
are ejected from the central engine [1,8,12,13].
They plough their way through the ambient
medium until they terminate with strong shocks
(i.e. hotspots) which are thermalized to form
lobes [1,8,12,13]. Therefore, dynamical evolution
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of a radio source should be expected to depend
(in addition to other factors) on the following
factors: (i) power of the central engine, (ii) time,
and (iii) the density of the ambient medium.
Hence, we can write
D~PLTHp® (10)
where D is projected source linear size, Pq¢ is
power of the central engine, p is density of
ambient medium, T is time. The indices are not
yet known. Assuming a uniform medium, jet
velocity, v;, may be defined as

dD
Uj = E (11)
So that source age may be expressed as
%2dD
T = j — (12)
7 Vi

where T; represents the time jet materials started
shooting out from the central engine; while 7,
represents the present epoch. From equations
(10) and (12), we obtain

ffz dD)“
7 Y

For simplicity, we assume ram-pressure balance
between the jet and the ambient medium;
therefore, we have [8,11,12,13]

D~Plep? ( (13)

pj = pmyv} (14)

where p; is jet internal pressure, m, is hydrogen
mass.

Or for jet velocity, we obtain

Pi
pmp

(15)

Combining equations (13) and (15), we have

u
% [om
~PLp° f /p—h dD
T pj

(16)
which yields
1
D u
dl ——
pmn (?c}:;/)g> 17)
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Assuming
1
D u
¢ (Pcyspg> -
o~ (Fer) * (18)
then, (17) becomes
Py Y o —
p—~(7’egp ) “ (19)

J

Solving for the power of the central engine, we
obtain

_®
2 (pmy\ %y
Peg~p y<—> (20)
pj
Or in simple terms, we may write
_20+py A
Pee~p ( 2y )P]?y (21)

where hydrogen mass, my, is a constant. If we

let g = — (2‘;”) and y = % the last equation

becomes

Pec~pPp] (22)
Equation (22) may be interpreted to mean that if
every other factor is constant, the radio jet derive
its power from the central engine; while the
magnitude of the power of the central engine
depends on the density of the source ambient
medium.

6. SIZE/LUMINOSITY RELATION (THEORY)

We can show that source luminosity is
attenuated by the particles of the medium as
distance from the central engine increases; this
is given by

1

P = SQ -1_-
(mpc>Qe) DZp

(23)

where P is source luminosity, c is speed of light,
Q is jet opening solid angle, D is source linear
size, € is conversion efficiency of matter into
radiation. Combining equations (22) and (23), we
obtain

B

1
) #f

—_— 24
my,c3QeD?P (4

Pee~ (
Equation (24) also shows that the magnitudes of
source size and luminosity depend on the power
of the central engine. This may be expressed as
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Pee~(D?P)7F (25)

where the indices in equations (24) and (25) are
to be determined.

Let Q be an unknown constant; therefore,
equation (24) can be rewritten as
d P
Pes = (7> / 26
ce =0 myc3QeD?P Pj (26)

Furthermore, solving for source projected linear
size, we have

1
ool ()Y
T mpc3Qe \ Pee

The last equation simply suggests that the
indices, g and ¥, may be estimated from D — P
data.

N| =

p05 (27)

7. SIZE/LUMINOSITY
(EMPIRICAL)

RELATION

From D — P data for larger quasars (Fig. 3), we
find the relation,
Log D = 66.34 — 38.93Log P (28)

(with correlation coefficient, r = 0.52 ), which

connects the source linear size, D , and
luminosity, P. Making D subject, we obtain
D = 1.82P;3R, (29)

where P = Pggro . This shows that observed
source size has an inverse power-law function
with observed luminosity.

Writing the constant in power of ten, gives

D = 10°2°P; 3, (30)
Moreover, we carry out linear regression analysis
of observed source linear sizes of CSS quasars
against their individual observed luminosities
(Fig. 4).

Result of the regression shows that D relates
with P according to the expression:

LogD = —0.57Log P + 15.88 (31)
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Fig. 3. The scatter plot of source observed
linear sizes against observed luminosities for
extended quasars
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Fig. 4. The scatter plot of source observed
linear sizes against observed luminosities for
CSS Quasars

The correlation is appreciable with coefficient,
r = 0.43; therefore, we may re-write equation (30)
as

D =7.6 x 10"P;%S (32)
where P = Pggg5q. Writing the constant in power of
ten as before, gives

D = 10"588p 58 (33)
When compared with equation (27), equation (33)
is in consonance with it; while equation (30) is
out of consonance with it. Moreover, comparing
the two equations with each other, we find that

Pessq > Pegro (34)
This shows that there is/are factor(s) that
cause(s) diminution effect on the luminosities,
Prgro, Of larger quasars. In absence of any other

factors, dark energy appears to be the culprit.
This implies that creation of more spaces in the
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IGM by dark energy dilutes the

luminosities.

source

For the sake of comparing the constants of
equations (30) and (33), we equate the indices of
the terms in the brackets of equations (26) to
those of equations (30) and (33) individually to
obtain g = 1.92 with y = 0.52 for the extended
quasars, and B =~ 0.03 with yp =32 for CSS
quasars. Putting the values of the indices into
equation (27), we obtain for extended quasars (in
one significant figure),

2
0.52

1
Peglzecro) = G (m) pj (35)

while similarly for CSS quasars, we have

1 0.03
Peetcsson = 1 o caggepzp)  MF (9

G and H are new constants that take care of the
old one (Q)and new constants during the last
mathematical operation. The last two relations
may be interpreted to mean that in absence of
external factors, the source central engine fuels
the observed physical properties of these radio
guasars.

Combining equations (2) & (35); and equations
(6) & (36) yield respectively, we get

0.52

1 3.2\ 2
(1 +2) ) pS @37)

P =q(—2L
Cce[z(EGRQ)] g(th3QEP

And

5 \ 0.031
» _ae(Ot2° 2 (38)
CE[z(€SSQ)] my,c3QeP P

Hence, for simplicity we obtain respectively,

1+ Z)’”:Pgél[g(EcRQ)] (39)
and

(1+2) NPCG(;‘E;(CSSQ)] (40)
which implies that

Peclzicsse)] > PeelzEcro)] (41)

The last expression states that the power of the
central engine of the CSS quasar is much
greater than that of the more extended quasar
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when matched at the same epoch. This is in
support of equation (34) since source luminosity
is expected to depend on the power of the
source central engine.

8. DISCUSSION AND CONCLUSION

We have carried out linear regression analysis of
observed source linear sizes (D) of the more
extended radio quasars against their
corresponding observed redshifts, z, (Fig. 1) in
our sample. Results of the regression analysis
show that D relates with z according to equation
(3), (1 +2)~D~%¢, with correlation coefficient,
0.50. The correlation is good. Therefore, if we
take D to be distance between any two positions
in the IGM, then the relation shows that cosmic
evolution has an inverse power-law function with
the distance between the two positions. Since “a
higher redshift implies an earlier epoch”, and
redshift has a direct dependence on expansion
velocity between any two positions (according to
Hubble’s law), then the results of the analyses
simply suggest that at earlier
epoch, the expansion rate of the universe was
higher.

Moreover, on the D — z plane (Fig. 2), we obtain
the relation, (1+ z)~D7%* (i.e. equation [7]),
which connects the observed linear sizes of CSS
quasars and their respective redshifts. The
correlation is marginal with, » = 0.4. However, we
take it to be appreciable enough for observable
data. Therefore, just as pointed out earlier, if we
take D to be distance between any two positions
in the ISM, then equation (7) shows that cosmic
evolution has an inverse power-law function with
the distance between the two positions. This also
shows that since “observation of a higher redshift
implies observation at an earlier epoch” (and as
pointed out earlier — according to Hubble’s law,
redshift has a direct dependence on expansion
velocity between any two points in space), then
the results of the analyses simply suggest that at
earlier epoch, the expansion rate of the universe
was higher.

From equations (3) and (7), we find that the
effect of cosmic evolution in the extended
quasars is more than the effect in the CSS
quasars (i.e.D,erg) > Da(cssgy) - Since the
linear sizes of the extended radio-loud quasars
are projected into the IGM, while the linear sizes
of the CSS quasars are confined within their
individual host galaxies, equation (9) can be
interpreted to mean that cosmic evolution shows
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greater effect in the IGM (more rarefied medium)
than in the ISM (less rarefied medium). Hence,
from the results of the analyses, we may state
that if dark energy is defined as the intrinsic
tendency of vacuum (or free space) to increase
in volume, then the inconsistency in D,(zgrq) and
D, (csso) is simply a manifestation of dark energy.
Therefore, we may conclusively say that dark
energy constitutes a driving parameter behind
cosmic evolution. The particle number density of
the ISM of CSS quasars has been estimated by
Ezeugo and Ubachukwu [13]. Their results show
that the estimated ambient (ISM) densities of
CSS quasars generally, by far, outweigh those of
their extended counterparts.

Moreover, we show that source luminosity is
attenuated by the particles of the medium as
distance from the central engine increases; this

is given by P =~ (m,ﬁQe)‘lﬁ (see equation

[23]). where the symbols have their usual
meanings. Combining equations (22) and (23),

1 )ﬁ "
mpc3QeD?P Pj-
This equation shows that the magnitudes of
source size and luminosity depend on the power
of the central engine. The indices, g and vy, are
to be estimated. We let Q be an unknown
constant; therefore, (24) may be rewritten as

1
Fee = Q (mhc3QeD2P
for source projected linear size, and get equation
1

we obtain equation (24); i.e.?eg~(

B
) p}”. Furthermore, we solve

1

=12

"
er; \F p-05
Pee

equation simply shows that f and ¥ may be
estimated from linear regression of the D /P data.

1
mpc3Qe

(27); ie. D= This

From D — P data for the more extended quasars
(Fig. 3), we find the relation, D = 1.82P;j7, (i.e.
equation [29]), with correlation coefficient,
r = 0.52, which connects the source linear size,
D, and luminosity, P; where P = Pggro . This
shows that observed source size has an inverse
power-law function with observed luminosity.
Writing the constant in power of ten, we obtain
equation (30); i.e. D = 10%2°P;3z,.

Also, we carry out similar analysis on observed
source linear sizes against their individual
observed luminosities of CSS quasars (see Fig.
4). Result of the regression shows that D relates
with P according to the expression, D =
10'588p; %8 (equation [33]). The correlation is
appreciable with coefficient, r = 0.43.
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When compared to equation (27), equation (33)
is in consonance with it; while equation (30) is
out of consonance with it. Moreover, comparing
equations (30) and (33), we find that Pggsq >
Pggro- This shows that there is/are factor(s) that
cause(s) attenuation of luminosities, Pgrq, Of
larger quasars. In absence of any other factors,
dark energy appears to be a suspect since we
have found earlier that D,ggro) > Dz (cssg)- This
implies that creation of more spaces in the IGM
by dark energy dilutes the source luminosities.

For the sake of comparing the constants of
equations (30) and (33), we equate the indices of
the terms in the brackets of equations (26) to
those of equations (30) and (33) individually to
obtain g = 1.92 with i = 0.52 for the extended
quasars, and g = 0.03 with y =32 for CSS
quasars. Putting the values of the indices into
equation (27), we obtain for extended quasars (in
one significant figure), equations (35) and (36);
1

Peelz(eere) = G (W)

1 0.03 . .
PeelzEcro) = H (—mhc3 Qenzp) p;° respectively.
where G and H are new constants which ensure
accuracy during the preceding algebraic
operation. Equations (35) and (36) may be
interpreted to mean that in absence of external
factors, the source central engine fuels the
observed physical properties of these radio
sources.

2
0.52

i.e. p; and

Combining equations (2) & (35), and equations
(6) & (36) yield respectively, equations (39) and
(40); ie. (A +2)~P¥iSwerey and (1 +
Z~PCEZ2CSSP6.45. Hence, we find
Peeizcsso)] > Peelzecro))s 1-€. €quation (41).

It states that the power of the central engine of
the CSS quasar is much greater than that of the
more extended quasar when matched at the
same epoch. This is in harmony with equation
(34) since source luminosity is expected to
depend on the power of the source central
engine. Conclusively, our results suggest that
since the components (jets and lobes) of the
more extended EGR quasars are in the IGM and
D, (e6ro) > Dz(cssq) » dark energy may be
responsible for the diminution effect on their
luminosities.
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