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Abstract

C-Statistic vs Bayesian: A Comparative Analysis of X-ray Spectral

Statistics

by David Koranteng

submitted on April 17, 2023:

The X-ray spectra of active galactic nuclei (AGN) contain many spectral features,

such as emission lines, that provide much insight into the inner workings of these

objects. In a class of AGN known as Narrow-Line Seyfert 1 (NLS1) galaxies,

analyzing these spectral features can provide especially useful insight into the

internal structure due to their orientation. Using two different statistical methods

(Bayesian X-ray Analysis and C-Statistic) to analyze the spectra of 21 NLS1

galaxies, it can be determined which method is superior at detecting emission lines

in the spectra. It is found that C-Statistic may be superior at detecting lines in

low-count spectra, but BXA has separate advantages that may lead to more success

at detecting lines in real sources.
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Chapter 1

Introduction

1.1 Active Galaxies

At the centre of all major galaxies lies a black hole, called a supermassive black

hole, or SMBH, which has a mass that can be millions to billions of times the mass of

the Sun. In galaxies such as our own, the central black hole is relatively dormant. It

can be observed in several wavelengths due to the process of the black hole accreting

surrounding in-falling material, but this accretion process is tame compared to other

central SMBHs. There is a classification of galaxies known as Active Galaxies that

are designated as such due to their central black holes being comparatively much

more active (Peterson, 2009).

The accretion process in the centre of these active galaxies is significantly more

violent, resulting in the emission of electromagnetic radiation across the entire EM

spectrum, often outshining stellar emission from the entire rest of the galaxy. Since

these highly energetic central engines are the main source of emission in these galaxies,

they are called Active Galactic Nuclei, or AGN.
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1.1.1 Internal Structure

AGN have been observed in every band of the electromagnetic spectrum due to several

internal processes producing various types of EM emission. Therefore, by observing

and analyzing spectra in specific bands of light, a general description of the internal

structure of AGN can be determined.

AGN observation is particularly useful in X-ray due to the strength of the emission

in this band. As previously stated, AGN often outshine the stellar emission from

elsewhere in the galaxy. This is particularly notable when these active galaxies are

observed in X-ray. X-ray images of AGN often highlight a very bright central region

that is more difficult to discern from stellar light when viewed in optical. X-ray

spectra of AGN contain several features that provide insight into the structure of

AGN. In the 0.3-10 keV energy band of X-rays, the notable features include certain

emission lines and absorption edges. Additionally, the shape of the continuum in

these spectra also contains valuable information.

This continuum has three discernible trends. Beginning at 0.3 keV, there is a

bump in energy that starts to flatten around 2 keV and then steadily decreases in

the shape of a power law. This power law trend continues as the main continuum

until another bump in energy begins around 10 keV and continues to higher energies.

This initial bump from approximately 0.3-2 keV is known as the soft excess. The

bump in higher energies beginning around 10 keV is known as the Compton Hump.

The flat, power law-like portion of the continuum is important, as the slope of this

part can help attribute the emission to specific processes. The observed continuum is
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the result of two overlapping spectra: a primary emission spectrum and a reflection

spectrum (See Figure 1.1).

The primary spectrum is produced by a cloud of plasma surrounding the accretion

disk, known as the corona. The process of accretion creates emission in the UV portion

of the EM spectrum. This UV light is emitted away from the disk into the surrounding

corona, where it gains energy through a process called inverse Compton scattering, or

Comptonization. The UV photons collide with the electrons in the corona and take

energy from them in the collision. As a result of this process happening continuously
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Figure 1.1: An example of the continuum spectrum of an AGN viewed in the X-ray
band, represented as a combined spectrum (black) of two separate spectra, a primary
(red) spectrum and a reflected (blue) spectrum (Gallo, 2011).
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in the corona, the photons enter from the accretion disk as UV light and are up-

scattered to the X-rays that are observed as the primary spectrum. However, these

X-rays are re-emitted by the corona isotropically, and therefore some are emitted away

from the observer. These X-ray photons are emitted towards the accretion disk, and

are then reflected towards to observer as an altered reflection spectrum (See Figure

1.2). These two spectra combine when observed, and the result is the continuum

previously described.

The most notable feature present in the X-ray spectrum of an AGN is a spike in

the continuum around 6.4-7 keV, which matches a set of iron emission lines: Fe-Kα1,

Fe-Kα2, and Fe-Kβ. These emission lines indicate the presence of iron within the

system, and by analyzing the broadening of the emission line(s), the proximity of the

iron to the central black hole can be determined.

These conclusions can be drawn due to relativistic effects on the line profile that

would become apparent if the iron was in close proximity to the black hole. Knowing

Figure 1.2: X-rays produced in the corona are emitted in all directions. Emission sent
away from the observer and towards the accretion disk is then reflected back in the
direction of the observer. Left figure depicts a standard corona model. Right image
depicts a jet (See Figure 1.4) whose base acts as a corona (Wilkins, 2017).
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what an intrinsic Fe-Kα emission line looks like, it can then be compared to the

emission line present in the spectrum, and the differences can be attributed to physical

processes. Firstly, if the emitting iron is present in the accretion disk, it is expected

that the motion in the accretion disk would lead to the emission line undergoing

Doppler broadening. If the iron is closer to the black hole, its profile will be further

broadened due to special relativistic effects, such as beaming. (See Figure 1.3). Lastly,

if the iron is in extremely close proximity to the black hole, it will be subject to

extreme broadening, with a strong shift to low energy. This is due to gravitational

redshift, an effect where photons lose energy when escaping a gravitational well (Gallo,

2011).

AGN are also powerful radio sources, particularly due to synchrotron emission (Pe-

terson, 2009). Synchrotron emission is the emission produced by relativistic charged

particles being accelerated in a magnetic field and moving in a helical path. This

emission is beamed in the direction of motion of the charged particles. This radio

emission can often be observed in the shape of large collimated structures emerging

from the central engine of the active galaxy. (See Figure 1.4)

This type of radio emission is not always observed in AGN, however. When AGN

are observed to have excess radio emission compared to other bands, such as optical,

they are considered radio loud. Otherwise, they are designated as radio quiet if their

radio emission is not proportionately more luminous than their optical emission.

In order to account for observed differences in AGN spectra, the physical nature

of AGN is described using a single simple model (Sparke, 2007). The model, called

unification theory, describes AGN as one type of object that is viewed from different
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orientations, and these orientations cause spectral and observation differences.

4 4.5 5 5.5 6 6.5 7

10
10

0
10

00
flu

x 
(a

rb
itr

ar
y 

un
its

)

Energy (keV)

Intrinsic line profile

Doppler broadening

Special relativistic broadening

General relativistic broadening

Figure 1.3: The original emission line is emitted at 6.4 keV (black). The line profile
gains a two-prong shape when subject to the Doppler effect (green). In closer prox-
imity to the black hole, the line broadens due to special relativistic effects, resulting
in the line profile becoming asymmetric (red). Lastly, the original line becomes ex-
tremely asymmetrically broadened due to general relativity (blue) (Gallo, 2011).

1.1.2 Narrow-Line Seyfert 1 Galaxies

Narrow-Line Seyfert 1 (NLS1 ) galaxies are a type of galaxy within the AGN

subclass known as Seyfert galaxies. Seyfert galaxies are active galaxies classified

by the X-ray luminosity of the nucleus. They have nuclei with luminosity values

within the range of 2 x 108L⊙ - 1011 L⊙. They also have optical spectra containing
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prominent emission lines, (Sparke, 2007). Seyferts are divided into two types based

on the profiles of these emission lines. Seyfert 1 galaxies display an assortment of

optical emission lines in their spectra that can be grouped into both narrow and

broad portions; Seyfert 2 galaxies, alternatively, only display narrow lines (Peterson,

2009).

As can be seen in Figure 1.5, Seyfert 1 galaxies display both narrow and broad

lines because they are observed from an orientation in which the broad-line region

is unobstructed. This means that Seyfert 1s provide an optimal viewing angle when

studying the internal accretion disk system of AGNs.

Narrow-Line Seyfert 1s are their own subclass of Seyfert 1s. This designation of

Figure 1.4: An optical image of galaxy Hercules A with a radio image overlayed in
pink. In radio band, large elongated jets become visible (NASA et al., 2012).


