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ABSTRACT

In this paper, we apply statistical methods of
analyses to find some empirical diversity in some
parametric relations between two subclasses of
compact steep spectrum (CSS) sources; namely,
the CSS quasars and CSS galaxies. This is done
by carrying out linear regression analysis of
observed source linear sizes (D) of CSS quasars
against their respective observed redshifts (z); as
well as, observed source linear sizes against their
respective observed luminosities (P).

For the CSS quasars, result indicates that with
marginal  correlation  coefficient  (r & 0.4),
observed linear size shows an inverse relationship
with observed redshift [D~(1 + z)~2%]; while for
the CSS galaxies, the converse is the case,
D~(1+z)*°, where r ~ 0.4. Moreover, on the
D — P plane, we obtain similar trends respectively
for the CSS quasars and CSS galaxies. That is,
for the quasars, result shows an inverse
relationship between linear size and luminosity
according to the relation, D~P~%¢; whereas for the
galaxies, the relationship between the two
observable parameters is direct, with D~P%2,

The results literally show that D — P /z data for the
CSS quasars evolve in size and radiated power
output with time; while the converse is the case
with the D —P/z data for the CSS galaxies.
These observations may be interpreted to mean
that at earlier epoch, CSS galaxies are larger in
both sizes and radiated power than their quasar
counterparts. Therefore, in conclusion, we may
state that CSS quasars are younger than their
galaxy counterparts when matched at the same
epoch.

(Keywords: linear size, luminosity, redshift, radio
sources, quasars, galaxies, steep spectrum, epoch)
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INTRODUCTION

Beyond the confines of our home galaxy are
extragalactic sources. They can be classified as
active and non-active galaxies. The active
galaxies are further sub-divided into radio-loud
sources and radio-quiet sources. The radio-loud
sources are generally referred to as extragalactic
radio sources. Generally, extragalactic radio
sources (EGRS) radiate copious amount of radio
waves. They are sources that have high radio to
optical emission ratio; and is given by,
S5 Guz/Sax105ar, = 10 [1-11].

Based on their observed linear sizes, they can be
classified into two groups; namely, the large
extended sources — their observed linear sizes
(D) are in the range, D =30kpc; and the
compact steep spectrum sources — whose
observed linear sizes are D < 30 kpc [1,2,4-6].
Usually, the radio morphology of the EGRS
assumes the form of two opposite sided
relativistic jets of plasma that connect the base of
the accretion disc to two radio-emitting lobes that
envelope the nucleus. The nucleus or central
core is believed to host a supper-massive
blackhole and is taken to be the central engine
that fuels the activities that characterize any
active galaxy. [1-11].

In some sources, the lobes contain hotspots
which is generally assumed to be the termination
points of the radio jets; while the observed jets
are assumed to be the conduits through which
the lobes are fed with jet materials [1, 4, 5].
Figure 1 shows the schematic structure of a
typical EGRS; while, Figure 2 shows Cygnus A —
an example of EGRS.
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Figure 1: The Schematic Structure of a Typical
EGRS. (Source: The author).

Figure 2: Cygnus A— An EGRS.
(Source: slideplayer.com)

As mentioned earlier, the more extended EGRS
have linear sizes well above 30 Kpc assuming
Hubble constant is 75 kms~*Mpc~t. This simply
means that their linear sizes extend into
intergalactic media since the size of a typical
galaxy is around 30 Kpc [5]. Their radio luminosity
is in excess of 10?°W at 5 GHz with bolometric
luminosities given as 103”W — which is common
with those of the CSS sources [1,5].

CSS sources comprise of a sub-class of EGRSs
[12-19]. The major difference between a typical
CSS source and a large extended EGRS is easily
seen in their small sizes, even though they are as
powerful in radiation as the more extended
sources [12-19].

Generally, their spectral indices show steep
spectra (spectral index, « < 0.5, §, < v™%; where
S, is flux density). They are full-fledged radio
galaxies and quasars complete with jets and lobes
[12-19] (see Figures 1 and 2). They are normally
seen at high redshifts (generally, they tend to
have redshift distribution of z < 4) and are among
high luminosity sources [12—-19].
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In addition, it has been well stated in the literature
that observation of jets in radio sources should
mean presence of gaseous ambient media
[5,7,12,15]. Some hydrodynamic simulations of
jet propagations through ambient media have
been carried out in order to study their observed
properties [5-11].

These studies show that jet materials have
smaller masses than those of the ambient
medium; hence, indicating that jet particles are
simply light particles such as electrons and
positrons. Ezeugo and Ubachukwu [12] worked
on dynamical evolution of CSS sources and used
it to estimate their ambient densities. This simply
shows that CSS sources are surrounded by
dense gases in their host galaxies.

In this paper, we use these CSS sources to find
some empirical diversity in some parametric
relations between two subclasses of CSS
sources: namely, the CSS quasars and CSS
galaxies. The CSS sample used in the analyses
are obtained from O’Dea (1998) [13]. They
comprise of 31 CSS quasars and 28 CSS radio
galaxies. The sizes of all these sources are
entirely sub-galactic; and hence, their observed
linear sizes are less than 20kpe. This shows that
they lay within their host galaxies.

OBSERVED SOURCE LINEAR SIZE AND
REDSHIFT (CSS QUASARS)

We carry out linear regression analysis of
observed source linear sizes, D, of the CSS
quasars against their corresponding observed
redshifts, z, in our sample (Figure 3).

On the D —z plane (Figure 3), we obtain the
relation:

LogD = —2.301Log(1 + z) + 0.637 (1)

with correlation coefficient, r = 0.4. Even though
the correlation is marginal, if we assume it is
good enough for observed physical parameters
such as those in the field of astronomy, we
transform (1) to obtain:

D~(1+z)723 (2)
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Figure 3: The Scatter Plot of Linear Size Against
Redshift for the CSS Quasars.

OBSERVED LINEAR SIZE AND LUMINOSITY
(CSS QUASARS)

Moreover, from linear size/luminosity (D — P) data
for the CSS quasars (Figure 4), we obtain a
relation given by:

LogD = —0.573Log P 4+ 15.88 (3)

(with marginal correlation coefficient given as
r = 0.4), which connects the source linear size, D,
and luminosity, P. Transforming the equation, we
obtain:

D~p~08 (4)
This indicates that observed source size shows an
inverse power-law function with observed
luminosity.
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Figure 4: The Scatter Plot of Source Observed
Linear Sizes against Observed Luminosities for
the CSS Quasars.
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OBSERVED LINEAR SIZE AND REDSHIFT
(CSS RADIO GALAXIES)

In addition to the foregoing, we obtain D — z data
(Figure 5) for the CSS radio galaxies in our
sample.
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Figure 5: The Scatter Plot of Source Observed
Linear Sizes against Observed Redshifts for the
CSS Radio Galaxies.

Results show that marginal relationship exists
between the source linear size and redshift
(r ~ 0.4). However, if we assume just as before,
that this marginal relationship is appreciable
enough for the observed physical data, we will
have the following relation for the CSS radio
galaxies:

LogD = —0.581 + 2.921Log(1 +z) (5)
Rewriting it, we have:
D~(1+z)?*° (6)

We notice that this is out of order with result
obtained for the quasar (see Equation (2)).

OBSERVED LINEAR SIZE AND LUMINOSITY
(CSS GALAXIES)

Moreover, from linear size/luminosity (D — P)
data for the CSS galaxies (Figure 6), we obtain a

relation given by:

Log D = 0.207Log P — 5.613 (7)
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Figure 6: The Scatter Plot of Source Observed
Linear Sizes against Observed Luminosities for
the CSS Radio Galaxies.

(with poor correlation coefficient given as r = 0.2).
If we assume the poor correlation is caused by
lack of observation of CSS galaxies at high
redshifts due to poor observational instruments),
we may transform the last equation to obtain:

D~pO2 (8)

Hence, we may state that the observed source
size shows a direct power-law function with
observed luminosity just like we have seen in the
D — z data for the galaxies.

These inconsistencies in the results obtained from
D —P/z data for the quasars and the D —P/z
data for the galaxies may have possible
implications. They are discussed in the next
section.

DISCUSSION AND CONCLUSION

We have carried out linear regression analysis of
observed source linear sizes, D, of the CSS
guasars and their corresponding observed
redshifts, z, (see Figure 3) in our sample. On the
D —z plane, we obtain the following relation:
D~(1 + z)~23, with correlation coefficient given as
r=0.4. We have stated that even though the
correlation is marginal, we should take it to be
good enough for observed physical parameters
such as those in the field of astronomy.

Moreover, from linear size/luminosity (D — P) data
for the CSS quasars (see Figure 4), we obtain a
relation, D~P~%¢. The correlation coefficient is 0.4.
The relation connects the source linear size and
luminosity, P. This shows that observed source
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size has an inverse power-law function with
observed luminosity.

Also, we obtain D — z data (Figure 5) for the CSS
radio galaxies in our sample. Results show that
marginal relationship exists between the source
linear size and redshift (r &~ 0.4) just like in their
guasar counterparts. However, if we assume as
before that this marginal relationship is
appreciable enough for the observed physical
data, we will have the following relation for the
CSS radio galaxies: D~(1 + z)??. This is not in
consonance with results obtained for the CSS
guasar (see Equation (2)).

In addition, from linear size/luminosity (D — P)
data for the CSS galaxies (Figure 6), we also
obtain a relation given by, D~P%2, We may state
that the observed source size shows a direct
power-law function with observed luminosity just
like we have seen in the D —z data for the
galaxies.

These inconsistencies in the results obtained
from D —P/z data for the quasars and the
D — P/z data for the galaxies may have possible
implications. For the CSS quasars, result
indicates that observed linear size shows an
inverse relationship with observed redshift
[D~(1 + z)~2%]; while for the CSS galaxies, the
converse is the case, D~(1 + z)?7.

On the D —P plane, we obtain similar trends
respectively for the CSS quasars and CSS
galaxies. That is, for the quasars result shows an
inverse relationship between linear size and
luminosity according to the relation, D~P~%¢;
while for the galaxies, the relationship between
the two observable parameters is direct, with
D~P%Z, These results literally indicate that in the
D —P/z data for the CSS quasars, the CSS
quasars evolve (increases) in size and radiated
power output with time, while the converse is the
case with the D — P /z data for the CSS galaxies.

Significance of these observations is that at
earlier epoch, CSS galaxies appear more
powerful in both sizes and radiated power than
the CSS quasars. Therefore conclusively, an
implication of these results is that CSS quasars
appear younger than their galaxy counterparts
when matched at the same epoch.

—20—
Volume 23. Number 1. May 2022 (Spring)



http://www.akamaiuniversity.us/PJST.htm

REFERENCES

1. Ezeugo, J.C. 2021. “Jet in the More Extended
Radio Sources and Unification with Compact Steep
Spectrum Sources”. The Pacific Journal of Science
and Technology. 22(1): 14 — 19.

2. Ubah, O.L. and J.C. Ezeugo. 2021. “Relativistic Jet
Propagation: Its Evolution and Linear Size Cosmic
Dilation”. International Astronomy and Astrophysics
Research Journal. 3(3): 1-6.

3. Urry, C.M. 2004. “AGN Unification: An Update”.
Astronomical Society of the Pacific Conference
Series 1.

4. Readhead, A.C. 1995. “Evolution of Powerful
Extragalactic Radio Sources”. In: Proc. Colloquium
on Quasars and Active Galactic Nuclei. M. Kohen
and K. Kellermann (editors). National Academy of
Sciences, Berkman Center: Irvine, CA. 92: 11447—-
11450.

5. Robson, I. 1996. “Active Galactic Nuclei”. John
Wiley and Sons Ltd.: London, UK.

6. Jackson, J.C. 1999. “Radio Source Evolution and
Unified Schemes”. Publications of Astronomical
Society of the Pacific. 16: 124-129.

7. Kawakatu, N. and M. Kino. 2007. “The Velocity of
Large-scale Jets in a Declining Density Medium”.
In: Serie de Conferencias. Triggering Relativistic
Jets, W.H. Lee and E. Ramirez-Ruiz (editors). 27:
192-197.

8. Mahatma, V.H., M.J. Hardcastleand, and W.L.
Williams. 2019. “LoTSS DR1: Double-double Radio
Galaxies in the HETDEX Field”. Astronomy and
Astrophysics. 622:A13.

9. Mingo, B., J.H. Croston, and M.J. Hardcastle.
2019. “Revisiting the Fanaroff-Riley Dichotomy and
Radio Galaxy Morphology with the LOFAR Two-
Meter Sky Survey (LoTSS)”. Monthly Notices of the
Royal Astronomical Society. 488: 2701-2721.

10. Hardcastle, W.L., W.L. Williams, and P.N. Best.
2019. “Radio-loud AGN in the First LoTSS Data
Release — The Lifetimes and Environmental
Impact of Jet-Driven Sources”. Astronomy and
Astrophysics. 622: A12.

11. Dabhade, P., M. Gaikwad, and J. Bagchi. 2017.
“Discovery of Giant Radio Galaxies from NVSS:
Radio and Infrared Properties”. Monthly Notices of
the Royal Astronomical Society. 469(3): 2886—
2906.

12. Ezeugo, J.C. and A.A. Ubachukwu. 2010. “The

Spectral Turnover—Linear Size Relation and the
Dynamical Evolution of Compact Steep Spectrum

The Pacific Journal of Science and Technology

https://www.akamai.university/pacific-journal-of-science-and-technology.html

Sources”. Monthly Notices of the Royal
Astronomical Society. 408: 2256—2260.

13. O’Dea, C.P. 1998. “The Compact Steep Spectrum
and Gigahertz Peaked Spectrum Radio Sources”.
Publications of the Astronomical Society of the
Pacific. 110: 493-532.

14. Fanti, C., R. Fanti, D. Dallacasa, R.T. Schillizzi,
R.E. Spencer, and C. Stanghellini. 1995. “Are
Compact Steep Spectrum Sources Young?”
Astronomy and Astrophysics. 302: 317-326.

15. Ezeugo, J.C. 2021. “On the Intergalactic Media
Densities, Dynamical Ages of Some Powerful
Radio Sources and Implications”. Journal of
Physical Sciences and Application. 11(1): 29-34.

16. Ezeugo, J.C. 2021. “Compact Spectrum Source
Size and Cosmological Implication”. Journal of
Research in Applied Mathematics. 7(2): 1-4.

17. Ezeugo, J.C. 2015. “Compact Steep-Spectrum
Radio Sources and Ambient Medium Density”.
International Journal of Astrophysics and Space
Science. 3(1): 1-6.

18. Ezeugo, J.C. 2015. “On the Dependence of
Spectral Turnover on Linear Size of Compact
Steep-Spectrum Radio Sources”. International
Journal of Astrophysics and Space Science. 3(2):
20-24.

19. Ezeugo, J.C. 2021. “On Cosmic Epoch and Linear
Size/Luminosity Evolution of Compact Steep
Spectrum Sources”. American Journal of
Astronomy and Astrophysics. 9(1): 8-12.

ABOUT THE AUTHOR

Dr. Jeremiah Chukwuemerie Ezeugo, is a
Lecturer in the Department of Physics and
Industrial Physics, Nnamdi Azikiwe University,
Awka, Anambra State, Nigeria. He holds a Ph.D.
degree in Astrophysics from the University of
Nigeria, Nsukka. His research interests are in the
areas of Extragalactic Radio Astronomy and
Cosmology.

SUGGESTED CITATION

Ezeugo, J.C. 2022. “Compact Steep Spectrum
Sources — Subclass Diversity and Implication”.
Pacific Journal of Science and Technology.
23(1): 17-21.

g-‘\ Pacific Journal of Science and Technology

Volume 23. Number 1. May 2022 (Spring)



http://www.akamaiuniversity.us/PJST.htm
https://www.akamai.university/pacific-journal-of-science-and-technology.html

