University of Arkansas, Fayetteville

ScholarWorks@UARK

Physics Undergraduate Honors Theses Physics

5-2023

Analysis on High Mass X-ray Binary Spectral Shape Dependence
on Luminosity for NGC3310

Izabela Pavel

Follow this and additional works at: https://scholarworks.uark.edu/physuht

6‘ Part of the Other Astrophysics and Astronomy Commons

Citation

Pavel, I. (2023). Analysis on High Mass X-ray Binary Spectral Shape Dependence on Luminosity for
NGC3310. Physics Undergraduate Honors Theses Retrieved from https://scholarworks.uark.edu/physuht/
12

This Thesis is brought to you for free and open access by the Physics at ScholarWorks@UARK. It has been
accepted for inclusion in Physics Undergraduate Honors Theses by an authorized administrator of
ScholarWorks@UARK. For more information, please contact scholar@uark.edu.


https://scholarworks.uark.edu/
https://scholarworks.uark.edu/physuht
https://scholarworks.uark.edu/phys
https://scholarworks.uark.edu/physuht?utm_source=scholarworks.uark.edu%2Fphysuht%2F12&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/130?utm_source=scholarworks.uark.edu%2Fphysuht%2F12&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uark.edu/physuht/12?utm_source=scholarworks.uark.edu%2Fphysuht%2F12&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uark.edu/physuht/12?utm_source=scholarworks.uark.edu%2Fphysuht%2F12&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu

Analysis on High Mass X-ray Binary Spectral

Shape Dependence on Luminosity for NGC3310

An Honors Thesis submitted in partial fulfillment of the requirements

of Honors Studies in Physics

by

[zabela Pavel

Spring 2023
Department of Physics
J. William Fulbright College of Arts and Sciences

University of Arkansas



Abstract

In most normal galaxies, the most X-ray luminous sources are high-mass X-ray binaries (HMXBs),
which are binary star systems that contain compact objects (black holes or neutron stars) accreting
from massive (> 8Mj) companion stars. These HMXBs are thought to have been important sources
of ionizing emission within star-forming galaxies that may have contributed to the heating of the in-
tergalatic medium (gas over large cosmic scales) in the early Universe. When studying how HMXBs
contribute to interstellar medium feedback, a single spectral shape of an absorbed power-law is typ-
ically assumed to be universal. The goal of this thesis is to take the next step in constructing a
more realistic model of how HMXB spectra depend on their luminosity and host-galaxy metallicity
(i.e., elemental abundance). Quantifying this relationship is particularly important to predict the
X-ray spectra from galaxies from the early Universe that have different physical properties than
local galaxies and observed directly by X-ray observatories. To do this, this thesis will analyze the

HMXB spectra from a low metallicity galaxy: NGC3310.
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1 Introduction and Background

X-ray binaries (XRBs) are binary star systems that produce X-rays by matter falling from a
companion star to a compact object, which is either a neutron star or a black hole. There are two
types of X-ray binaries, low-mass X-ray binaries (LMXBs) and high-mass X-ray binaries (HMXBs).
HMXBs counsists of a massive compact object (usually neutron star or black hole), that accretes gas
and material from their massive companion stars, with the companion star being larger than 8 M.
With LMXBs, the companion star is comparable to the mass of the sun. In non-AGN galaxies, which
lack luminous accreting supermassive black hole at the galactic center, HMXBs are the most X-ray
luminous sources [4]. In the local universe, HMXBs only dominate the X-ray emissions in redshifts
greater than 2.5 [4]. HMXBs are also good indicators of recent star formation ([12], [4]), and are
important sources of ionizing emission within star-forming galaxies and could have contributed to
the heating of the intergalatic medium in the early Universe ([13], [14]), but there is no significant
correlation between star formation and the temperature of the galaxy [14].

Currently, the total XRB luminosity is dependent on metallicity of the host-galaxy, with the
general trend being that XRB luminosity per unit stellar mass is inversely proportional to the
metallicity of the host-galaxy [4]. Such that, the larger the XRB luminosity per unit stellar mass is,
the lower metallicity of the host-galaxy is. This is most likely due to the fact that young massive
O/B stars, which form the black holes and neutron stars in XRBs, with lower metallicities will lose
less stellar mass due to wind, causing the star to remain fairly large until near the end of its life-cycle.
Because the O/B stars remain fairly massive, they are more likely to collapse into massive black
holes, causing more luminous XRBs [4]. In Lehmer et al ([9]), they explored the dependence that
SFR and metallicity have on the X-ray luminosity function (XLF), which is the X-ray distribution
of all of the sources in a galaxy. They found that the metallicity of the host-galaxy on the SFR-
normalized HMXB X-ray luminosity function has the most impact when L > 103® [9]. While the
HMXB XLF has been discussed and analyzed, we have not yet determined how the X-ray spectra of
HMXBs varies with galaxy metallicity, an important constraint on the ionizing radiation from these
sources. Determining the X-ray spectra of HMXBs will give us a better understanding of HMXB
populations in galaxies, especially in galaxies in the early universe (at redshifts of z 2 10 ), since it
is extremely difficult to study HMXBs at high redshifts.

In this thesis, I take the important step in analyzing the relationship between X-ray spectra and

host-galaxy metallicity and SFR. This thesis will focus on a specific galaxy, NGC3310, which is a



low-metallicity spiral galaxy with a high SFR. Figure 1 (below) is NGC3310 in the optical bandpass.

Figure 1: Optical image of NGC3310 from a Hubble Space Telescope proposal ([11]) where the image
was released by a NASA press release [15]. The image was taken by using Wild Field and Planetary
Camera 2 (WFPC2) [15].

Within NGC3310, the clusters of stars that are older than 107 years are smoothly distributed
in the center of the galaxy, while the younger clusters are predominately in what is known as the
Jumbo region, which is in the northern spiral arm. [3]. NGC3310 is also an unusual galaxy due to
the unusual high number of ultraluminous X-ray (ULX) sources ([7]), which are just an extension
of HMXBs ([10]), compared to other non-AGN galaxies.

Throughout the thesis, I wrote multiple custom Python scripts to analyze the data. When
creating the Python scripts, I often used tools from a software package called CIAO ([2]), which
allowed me to manipulate data from the Chandra X-ray observatory. For this thesis, I will first
briefly describe the data that I used and how collected viable sources, for the analysis. Then I will

cover the spectral fitting process and the color-color map that were used to analyze the data.

2 Data Reduction and Preparation

The sources, which are candidate HMXBs, came from the Chandra Archive of local galaxies
(D < 30 Mpc) and from Spitzer Infared Nearby Galaxies Survey (SINGS) catalog, NGC3310 is
one of the galaxies that is in the SINGS catalog. This catalog contains information about a host-

galaxy’s SFR, metallicity, morphology, etc. The Chandra source catalog was compiled from multiple
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