American Journal of Astronomy and Astrophysics

2021; 9(2): 13-17
http://www.sciencepublishinggroup.com/j/ajaa
doi: 10.11648/j.ajaa.20210902.11

(Y J' v I
otlencer

Science Publishing Group

ISSN: 2376-4678 (Print); ISSN: 2376-4686 (Online)

Intergalactic Media Densities of Extragalactic Radio
Sources and Source Ages

Ezeugo Jeremiah Chukwuemerie
Department of Physics and Industrial Physics, Nnamdi Azikiwe University, Awka, Nigeria

Email address:
emailchuksemerie@yahoo.com

To cite this article:
Ezeugo Jeremiah Chukwuemerie. Intergalactic Media Densities of Extragalactic Radio Sources and Source Ages. American Journal of
Astronomy and Astrophysics. Vol. 9, No. 2, 2021, pp. 13-17. doi: 10.11648/j.ajaa.20210902.11

Received: March 16, 2021; Accepted: March 30, 2021; Published: April 20, 2021

Abstract: In this paper, we use analytical methods with some plausible assumptions to develop a mathematical model which
may be used to obtain estimate of density of the intergalactic medium (IGM). This relation suggests that the plot of the linear
sizes against the bolometric luminosities of the extragalactic radio sources in our sample should be able to furnish us with an
estimate of the density of IGM in which the radio sources are domiciled. Moreover, for the purpose of obtaining an empirical
relation similar to the theoretical model, we carry out linear regression analysis of linear sizes and luminosities of the 31 radio
galaxies in our sample. The regression result shows an empirical relationship between observed source linear sizes and
observed bolometric luminosities with slight correlation whose coefficient is 4. Moreover, we compared the theoretical relation
and the empirical relation to obtain an estimate of the particle number density of the IGM in which the radio sources are
located. The estimate indicates a very low density when compared with the values obtained by authors for the compact steep
spectrum (CSS) sources. However, while the linear sizes of the CSS sources are of sub-galactic dimensions — they are located
within the interstellar media (ISM) — those of the large extended extragalactic radio sources extend into the intergalactic media.
The staggering difference in these obtained densities of IGM and ISM simply supports the general notion that there is a sharp
decrease in the density at the IGM-ISM interface. Moreover, using theoretical approach again, with some plausible
assumptions, we find another relation which may be used to estimate the ages of extragalactic radio sources. This relation
possibly indicates that the plot of the linear sizes against velocities of the radio jets of the radio sources in our sample should be
able to supply us with an estimate of the sources’ ages. We find from the simple linear regression analysis of linear sizes and jet
velocities of the radio galaxies in our sample, a relation with correlation coefficient given as 4, which is also marginal.
Comparison of the two relations — theoretical and the empirical relations — gives an estimate of age of the radio sources. The
value shows that these large extended extragalactic radio sources are old sources.
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hotspots believed to be the termination points of the jets [3-
10]. They constitute sources whose radio morphologies range
from being compact (e.g. compact steep spectrum sources) to
the more extended conventional doubles (e.g. radio galaxies)
[7-10].

Presence of jets in radio sources simply suggests presence
of gaseous ambient media [4, 7-10]. A number of
hydrodynamic simulations of jet propagations have been
performed to examine their physical state [4, 5]. These
studies show that jet materials have smaller masses than
those of the ambient medium. Besides, some authors have
created a model for evolution of compact steep spectrum
(CSS) sources and used it to estimate their ambient densities

1. Introduction

Extragalactic radio sources (EGRSs) are those sources
with a high ratio of radio to optical emission, commonly
defined by the ratio of the two flux densities,
Ss 6Hz/Sex105 guz = 10 [1]. They are made up of radio
galaxies, quasars and BL Lacertae Objects. [2, 3]. The radio
emission from these radio sources usually takes the form of
relativistic jets that connect the base of the accretion disk to
the two radio emitting lobes that straddle the central
component that is more or less coincident with the nucleus of
the host galaxy. In some radio sources, the lobes contain
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[6]. Since the linear sizes of these CSS sources lie within the
confines of the host galaxies (i.e. D < 20 kpc) and it is
expected that there is a sudden drop of ambient density at the
galactic-intergalactic interface, the model needs to be
modified to incorporate the more extended sources (i.e.
D = 30 kpc). Therefore, in this work, we modify the model
and use it to estimate value of ambient media density and
ages of the larger radio sources.

The radio sources used in the analyses are obtained from
[11]. They are made up of 31 EGRS (radio galaxies) with
linear sizes, D > 80 kpc. These sources are those whose jets
have estimated velocities from [12].

2. Radio Source Expansion

In the standard beam model for extragalactic radio sources,
jets of relativistic plasma are ejected from the parent galaxy
which plough their way through the ambient medium until
they terminate with strong shocks at the hotspots which are
thermalized to form lobes [5, 7-10]. The evolution of a radio
source component is therefore expected to depend (among
other factors) on power supplied by the core to the jet, the
source age and the ambient medium through which it
propagates.

With an assumption that, in general, jets in EGRSs
propagate through a homogenous dense medium, we have [6]

0.5
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Do = (ch3ner) (0
where D, is intrinsic linear size of the source, Py, is its
bolometric luminosity, n, is its external medium density, { is
its jet opening solid angle, €(«< 1) is the conversion
efficiency of the source for the kinetic power into radiation,
my is proton mass, c is light speed and u is the ratio of lobe’s
velocity to jet’s velocity.

The last equation is consistent with a special case in which
the angle, 1, between the directions of the velocities, V;, and
V;, of the lobe and jet respectively is 0° (i.e. for a head-on
collision between jet and lobe) which is the case for a
homogenous dense medium. However, for a more general
case in which i # 0°, equation (1) can be modified to
become
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3. Orientation Effects on the Observed
Linear Size and Unification
The simplest relativistic beaming and radio source

unification model predicts that the observed linear size, D,
and angle of observation, ¢, are related as follows [13]:

D = D, sin ¢ 3)

where D is the observed linear size. Combining equations (2)
and (3), we obtain

P 2cos2sin? ) 0>
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The last equation suggestively and generally describes
dynamical evolution of extragalactic radio sources with the
viewing angle in consideration.

Considering equation (4), it can be seen that the factors
which may affect the observed source size, D, of a
characteristic age, T, of a radio source include (i) external
medium density, n,, (ii) angular difference, ¥ between the
directions of the velocities, V, and V;, of lobe and jet
respectively, (iii) angle of observation, ¢, and (iv) power of
the source or bolometric luminosity, P,,;.

We apply some conditions to equation (4) to see how the
factors may affect the observed source size, D, at a
characteristic age, T. For simplicity, assuming ), €, u and
Py, are some constants, then

If ¢ - 90°, n, — 0 for negligible ambient density, and
1 —» 0 for negligible ambient density, then the result
becomes D — oo . Therefore, we may observe a large
extended radio galaxy.

If ¢ - 90°, n, — oo for an appreciable dense medium, and
assuming a homogenous medium in which i — 0, then the
result becomes D — 0. Therefore, we may observe a CSS
radio galaxy.

If ¢ = 90°, n, = oo for an appreciable dense medium, and
assuming an inhomogenous medium in which 1 — 90°, then
the result becomes D — 0. Therefore, we may observe a
compact asymmetrical radio galaxy that could be an
asymmetrical CSS radio galaxy.

If >0, n, > 0 for negligible ambient density, and
1Y - 0 for negligible ambient density, then the result
becomes D — 0. Therefore, we may observe a conventional
radio quasar.

If ¢ - 0,n, = oo for an appreciable dense medium, and
assuming a homogenous medium in which i — 0, then the
result becomesD — 0. Therefore, we may observe a CSS
radio quasar.

If ¢ — 0, n, — oo for an appreciable dense medium, and
assuming an inhomogenous medium in which i = 90°, then
the result becomes D — 0. Therefore, we may observe a
morphologically distorted CSS quasar.

We can see from the foregoing that equation (4) supports
unification of extragalactic radio sources. This unification
simply indicates that the observed characteristics depend on
the viewing angle. This may exclude sources with distorted
radio morphological structures. In this case, inhomogeneous
dense media may have a lot to contribute.

4. Estimating the Ambient Densities of
Larger Radio Sources

Rewriting equation (4), we have
ne ~ KD2) (5)

where
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K can be interpreted to mean a factor for determining
ambient density at the galactic-intergalactic interface.
Assuming a homogeneous medium in which Y is 0°, we
notice that in the last equation every other parameter except
jet opening solid angle, ), may have a common value with
those of CSS sources (the sizes of CSS sources are of sub-
galactic dimensions, while those of the larger radio sources
are of intergalactic dimensions [7-10]). Moreover, at the
galactic-intergalactic interface, it is believed there is a sudden
decrease in ambient density; and since gases tend to diffuse
faster in a less dense medium than in a denser medium, £} is
expected to have a larger value at the interface than
elsewhere within the host galaxy. For simplicity, we assume a
typical value, Q =~ 0.02 sr [2]; therefore, equation (6)
becomes
- 50Ppoiu?sin¢

K @)
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However, considering only the intrinsic source size, Dy,

instead of the observed source size, D, we have

2
K ~ 50PporHt (8)

mpyc3e
Or with equation (5) for intrinsic source size, we have
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Using equation (9) and the typical values of € = 5% [2],

my =1.67x107% kg, c=3x108 m st P, =Pv

(where P is radio luminosity of each source at frequency of

v = 5GHz), u = 0.837 [14, 15], we obtain

5229.57

DZ ~ ( ) Py, (10)
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The last equation suggests that if a linear regression
analysis of the linear sizes (D) of the radio sources in our
sample against their respective overall luminosities (Py,;) is
carried out, then the gradient of the plot (coupled with the
last equation) should be able to furnish us with a rough
estimate of the density of intergalactic media in which the
radio sources are domiciled.

The radio sources used in the analysis are made up of 31
radio galaxies with linear sizes, D > 80 kpc. They were
obtained from [11]. These sources are those whose jets have
estimated velocities from [13]. We carry out the regression
analysis (Figure 1), and obtain the equation given by

Log Dy?
O = N W b 0 O N
.

53.5 54 54.5 55 55.5

Log Ppoi

Figure 1. The scatter plot of squared linear size against bolometric
luminosity.

LogD% = —0.63LogP,,; + 39.29 (11)

with marginal correlation coefficient, r = 0.4. Rearranging
equation (11), we get

DZ ~ (1.95 x 103°)P;% (12)

which may be referred to as an empirical value for D — Py,
relationship. The index,—1, which is absent in the theoretical
expression (equation (10)) may have been present as a result
of marginality in the correlation (7 = 0.4) of the data.
However, we are interested in obtaining a rough estimate the
density. Therefore, equating the terms in the brackets of
equations (10) and (12), we have

n, ~ 2.68 x 1073° particles m™3)

(13)

This is a rough estimate of particle number density of the
intergalactic media (IGM) in which these radio sources are
domiciled. This estimate is by far smaller than those obtained
for compact steep spectrum (CSS) sources which are in order
of 10711 — 1073 particles m™3 [6]. The linear sizes of CSS
sources are of sub-galactic dimensions, Dy, < 30 kpc (which
is a typical size of a galaxy); while those of the larger radio
sources extend into the intergalactic media [7, 9, 10]. The
implication of this result is that intergalactic medium is by far
less dense than the interstellar medium (ISM) — the medium
within the host galaxy. Though, this is a rough estimate, but,
it is in consonance with the expected astounding difference in
the densities of the IGM and the ISM (i.e. IGM < ISM) [2].

5. Estimating Dynamical Ages of Radio
Sources

The age, T, as a function of the intrinsic linear size, Dy, of
a radio source can be expressed as follows [6]:

T = fDO dDg
Dm Vi

(14)

where D,, is the lower limit of the intrinsic linear size and
V,is the lobe advance velocity. Combining equations (2) and
(14) and putting D,,, = 0, yields

0.5
P uzcosztp
T ~ ( bol )

mpyc3neNeV?

(15)
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Assuming homogeneous media, we have

P 0.5
T ~ 3bOl E
myc nerVj

Combining equations (10) and (16) to eliminate n,, and
putting the values of my, c, (1, and €, we obtain

(16)

T ~ 2.059 2
Vj

(17

Or, we have

Do =~ (0.486T)V; (18)

The last equation says that source age can be estimated
from linear regression analysis of observed linear sizes of the
radio sources against their respective jet velocities. We carry
out the analysis (Figure 2) using the aforementioned 31 radio
galaxies and obtained

LogD, = 0.358LogV; + 19.14 (19)

Log Dgy

LogV;
Figure 2. The scatter plot of linear size against jet velocity.

The correlation coefficient, r = 0.4. This is also marginal.
Rearranging the last equation gives

Dy =~ (1.51 x 1019)1/]-0'4 (20)

The last relation may be referred to as an empirical value
for the Dy — V;relationship. Just as before, the index, 0.4,
which is absent in the theoretical relation (i.e. equation (18))
may have been present as a result of marginality in the
correlation (r = 0.4) of the data. However, for now we are
interested in obtaining rough estimate of the sources’ age.
Therefore, equating the terms in the brackets in equations (18)
and (20), age of the radio sources is estimated to be in the

order of
T~10'1Yr (21

implying they are old sources.

6. Discussion of Results

We have used analytical methods with some plausible
assumptions to find a relation (equation (10)) which may be
used to obtain estimate of density of the intergalactic medium

(IGM). This relation suggests that the plot of the linear sizes
(Dy) against the bolometric luminosities (Pp,;) of the radio
sources in our sample should be able to supply us with an
estimate of the IGM in which the radio sources reside. We
find from the simple linear regression analysis of the 31 radio
galaxies in our sample, a relation of the form shown in
equation (12); with correlation coefficient, r = 0.4, which is
marginal. We can see that the two expressions (equations (10)
and (12) for theoretical and empirical values respectively),
are alike, except for the index (—1) which is absent in
equation (10). This difference may have resulted from the
marginality in the correlation of the data. However,
comparison of the two relations gives an estimate of the
particle number density of the IGM in which the radio
sources are located to be =~ 2.68 X 1073° particlesm™3 .
This is quite a small value when compared to the values in
the range of 10711 — 1073 particles m™3 obtained by [6] for
compact steep spectrum (CSS) sources. These CSS sources
are of sub-galactic dimensions (D, < 20kpc) — they are
located within the interstellar media (ISM). The staggering
difference in these densities of IGM and ISM simply
supports the general notion that there is a sharp decrease in
the density at the IGM—ISM interface [2, 14].

Moreover, using theoretical approach again, with some
plausible assumptions, we find another relation (equation
(18)) which may be used to estimate the ages of the radio
sources. This relation indicates possibly that the plot of the
linear sizes (D,) against velocities of the jets (V]) of the
radio sources in our sample should be able to provide us with
an estimate of the sources’ ages. We find from the simple
linear regression analysis of the radio galaxies in our sample,
a relation given as equation (20), with correlation coefficient,
r = 0.4, which is also marginal. It is easily seen that the two
expressions (equations (18) and (20) for theoretical and
empirical values respectively), are alike, except for the
absence of the index (0.4) in equation (18). This difference
may have resulted from the marginality in the correlation of
the data. However, comparison of the two relations gives an
estimate of age of the radio sources. This is given by
T ~ 9.88 x 1011 Vr.

7. Conclusion

Using both analytical and statistical methods with some
plausible assumptions, we have developed mathematical
relations for estimating intergalactic media densities and
dynamical ages of large extended extragalactic radio sources.
Results show that the difference in the densities of
intergalactic media and those of the interstellar media is
enormously large. We also find those sources to be old.
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