American Journal of Astronomy and Astrophysics

2015; 3(3): 40-43

Published online April 27, 2015 (http://www.sciencepublishinggroup.com/j/ajaa)

doi: 10.11648/j.2jaa.20150303.12
ISSN: 2376-4678 (Print); ISSN: 2376-4686 (Online)

ca J' @ T
otlencerl

Science Publishing Group

On Jet Opening Angle and Dynamical Evolution of Some
Powerful Extragalactic Radio Sources

Ezeugo Jeremiah Chukwuemerie

Department of Physics and Industrial physics, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria

Email address:
chuksemeria@yahoo.com

To cite this article:

Ezeugo Jeremiah Chukwuemerie. On Jet Opening Angle and Dynamical Evolution of Some Powerful Extragalactic Radio Sources. American
Journal of Astronomy and Astrophysics. Vol. 3, No. 3, 2015, pp. 40-43. doi: 10.11648/j.ajaa.20150303.12

Abstract: We used both analytical and statistical methods of analyses to find out if there is possible connection between jet
opening solid angle and linear size evolution of some powerful extragalactic radio sources in our sample. Based on simple linear
regression analyses of D — Q data (where D is observed linear size and Q is estimated jet opening solid angle), we found with
a marginal correlation, that effects contributed by the opening angle may be overshadowed by other factors. A plausible
interpretation of the result is that there is presence of appreciable ambient gases around these sources.
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1. Introduction

Active galactic nuclei have exceptionally high luminosities
and radiate large amounts of non-stellar radiation. A typical
AGN has an overall luminosity in excess of 103’W
[1,2,3,4].They consist of two main classes based on the
magnitude of their radio luminosity [1,2,3]. These classes are
radio-loud and radio-quiet sources. The former are generally
referred to as extragalactic radio sources.

Extragalactic radio sources (EGRSs) include those sources
with high ratio of radio to optical emission, commonly defined
by the ratio of the two flux densities, Ss¢y./Sex105¢hz >
10[1]. These sources comprise radio galaxies, quasars, etc
[2,3]. On radio maps, they show three main components — core,
jet and lobe (clouds of radio-emitting dust particles). The jet is
believed to be the conduit through which jet materials reach
the lobe. The hot spot in the lobe is believed to be the
termination point of the jet materials. The structure of a typical
EGRS usually takes the form of two-sided relativistic jets
which connect the base of accretion disk to the two lobes that
straddle the central component (the core) that is more or less
coincident with the nucleus of the host galaxy [2,5,6].

Presence of jets suggestively indicates that EGRSs have
dense gaseous media. Moreover, within the host galaxy, the
ambient number density, n,, has been reported to decline
from the central core by D~n,%5(where D is linear size of
the radio source) [5,7,8]. This shows that ambient density falls
off according to the equation as distance increases from the

central core. However, much has not been said concerning jet
opening angle; especially, when it concerns effects it may
have on the linear size evolution of a radio source. Therefore,
the aim of this work is to ascertain if there is any relationship
between linear size evolution and jet opening solid angle. The
radio sources used in this work were collected from [9]. They
are made up of 21 radio sources with linear sizes, D > 30 kpc.
These sources are those whose jets have estimated velocities
from [10].

2. Radio Source Expansion

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 [6]. 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, the linear
size, D, of the source can be written according to the equation

[8]:
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where P,, is its bolometric luminosity, n, is its

external/ambient medium number density, Q is its jet opening
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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 velocity to jet velocity.

3. Jet Opening Solid Angle

Assuming lobe confinement by ram-pressure balance with
the external medium, then we have [11,12,13,14,15]:

~ _Fi
= mHVLZ (2)

where P; is lobe internal pressure, and V, is lobe velocity.
From the last equation, it can be shown that lobe’s internal
pressure depends among other factors on the kinetic power,
P;j, delivered by core to jet according to the relation:

[0 =M”_2 (3)

P; cD?

However, by definition, P;; and P; can be expressed
respectively by [8,15]

M;aD
and
Mia
1= 4-7r]rf (5)

where M; is mass of jet, a is acceleration, T is source age,
and 1 is radius of lobe.
Putting the last two equations in equation (3), we obtain

Q- 417:TL2V2]‘P-3 (6)
cD
where T has beenreplaced with T = D/ uV; for homogenous
ambient media [8].For the radio source, 3C405 (i.e., Cygnus
A), 1, can be written in terms of D by

r, ~ 0.11D 7)

Hence, jet opening solid angle becomes
.3
0=0152"2% ®)

This implies that jet opening solid angle can be estimated
once lobe and jet velocities are known.

4. Analyses and Results

For simplicity, we assume a constant ratio of u = 0.837
for lobe to jet velocities. This is estimated by dividing the lobe
velocity, 0.251c, of the radio source, 0710+439, observed by
[16] by the speed, 0.3c, of jet at 1pc [3]. In this paper, we
have assumed for simplicity that the quotient is approximately
constant for the sources in our sample.

However, jet velocities for the sources were obtained from
[10] for b = 1 (where b is ratio of magnetic field strength to
minimum energy). Putting these values in equation (8), we
estimated jet opening solid angles, Q, for each source (see
Table 1).

Table 1. Estimated jet opening solid angle, ().

S/n Source name Linear size, D(kpc) Jet velocity, V;(c) Opening angle, 2(10~''sr)
1 3C 239 93.7 0.29 6.3
2 3C 322 278.6 0.26 5.65
3 3C 194 122.2 0.16 348
4 3C 267 326.6 0.2 4.34
5 3C 356 642.7 0.27 5.86
6 3C 280 109.8 0.13 2.82
7 3C 268.1 365 0.205 4.45
8 3C 289 84.8 0.135 2.93
9 3C 325 1334 0.255 5.54
10 3C 265 643.3 0.16 348
11 3C 247 105.4 0.145 3.15
12 3C55 556.8 0.33 7.17
13 3C 337 333.2 0.085 1.85
14 3C427.1 172.9 0.07 1.52
15 3C 405 183.4 0.07 1.52
16 3Cé6.1 215.9 0.215 4.67
17 3C 34 380.9 0.135 2.93
18 3C41 189.7 0.12 2.61
19 3C114 429.3 0.145 3.15
20 3C 441 260.6 0.1895 4.12
21 3C 469.1 636.7 0.445 9.66

Moreover, we carried out regression analyses of D —Q
data (figure 1). Result yields

logD = 0.361logQ, + 6.16 ©)

with marginal correlation coefficient, r, given by r = 0.3.
This gives a power-law function of the form:

D~Q04 (10)

5. Discussion

Equation (1) points out that the observed linear size, D,
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may depend, among other factors (e.g. Pp,; andn,,), on Q
according to the equation,

D~Q705 (11

However, comparing (10) with (11) shows there is disparity
between the theoretical relation (11) and the semi-empirical
relation (10) for D — Q relationship. This disagreement
suggestively indicates that other factors which affect
dynamical evolution of extragalactic radio sources
overshadow the effects caused by Q.

Furthermore, it has been mentioned by some authors
[3,14,17,18] that presence of jets indicates presence of gases
around radio sources. Therefore, we may state that among the
parameters/factors in (1), the biggest culprit which affects jet
opening angle is source ambient medium density. Therefore,
(1) can be rearranged to give

n, ~ KQ™t (12)

where (Pp,;1?)/(myc3eD) has been replaced with K. The
last equation simply shows that jet opening angle decreases
with an increase in the source ambient density. In addition, it
has been pointed out by some authors [3,8,12] that linear size
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depends on the source ambient density according to the
relation,

D~ne—0.5

(13)

Therefore since D and Q both show inverse dependence
on n,, the discrepancy between the theoretical and the
semi-empirical relations for the two parameters may be
attributed to the presence of significant ambient gases around
each radio source.

6. Conclusion

The results of our analyses shows dissimilarity between the
theoretical and semi-empirical relations for linear size (D)
and jet opening solid angle (£2). Based on these relations, (10)
and (11), we have shown that the dissimilarity between the
two indices (i.e. 0.4 and —0.5 respectively for the two
equations) might have stemmed from the presence of
considerable ambient gases around the sources. Hence, the
inconsistency in the two results possibly is an indication of
appreciable ambient density.
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Figure 1. The scatter plot of linear size (D) against jet opening solid angle (Q).
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