
HIGH RESOLUTION X-RAY SPECTROSCOPY OF FOUR NON-MAGNETIC
CATACLYSMIC VARIABLES USING XMM-NEWTON AND CHANDRA

OBSERVATORY DATA

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES

OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY
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ABSTRACT

HIGH RESOLUTION X-RAY SPECTROSCOPY OF FOUR
NON-MAGNETIC CATACLYSMIC VARIABLES USING XMM-NEWTON

AND CHANDRA OBSERVATORY DATA

Gamsızkan, Çiğdem

Ph.D., Department of Physics

Supervisor: Prof. Dr. Altuğ Özpineci

Co-Supervisor: Prof. Dr. Sıtkı Çağdaş İnam

September 2019, 89 pages

This thesis presents an analysis of high-resolution X-ray spectra of four non-magnetic

cataclysmic variables based on archival data of XMM-Newton and Chandra observa-

tories. The analysis focuses on the classical novae data in outburst; V2491 Cyg,

V4743 Sgr and V407 Lupi taken by XMM-Newton RGS, and KT Eridani taken by

Chandra HRC-S+LETG. All these novae have super-soft-source (SSS) type spectra

with the broad and blueshifted absorption lines. As an alternative to the static or ex-

panding stellar atmospheric models used in the modeling of the X-ray data, composite

models including warm and hot absorbers are constructed and investigated in detail.

The continuum is modeled by a blackbody emission, besides a collisionally ionized

emission model for V2491 Cyg. The presence of different components of absorption

from a warm photoionized and a hot collisionally ionized plasma is detected and in-

cluded in the models. The absorption lines corresponding to the interstellar medium

and dust absorption are modeled in all four sources with slightly different column

densities and elemental abundances. The difference in the absorbers, in their column

densities, ionizations and temperatures indicate the inhomogeneities in the ejecta and
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complex morphology of the outflow. We show that the variations within the absorbers

in addition to the changes in the central emitting source cause the variations on time

scales of hours in the X-ray count rates. The composite model with the absorber com-

ponents gives a good description of the SSS spectra of all four sources and indicates

the necessity of the consideration of the absorptions from the fast-moving and highly

ionized plasma in these cases.

Keywords: V2491 Cyg, V4743 Sgr, KT Eridani, V407 Lupi, cataclysmic variables,

novae, X-ray spectra
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ÖZ

XMM-NEWTON VE CHANDRA GÖZLEMEVLERİNİN VERİLERİNE
DAYALI DÖRT AMANYETİK KATAKLİSMİK DEĞİŞKENİN YÜKSEK

ÇÖZÜNÜRLÜKLÜ X-IŞINI SPEKTROSKOPİLERİ

Gamsızkan, Çiğdem

Doktora, Fizik Bölümü

Tez Yöneticisi: Prof. Dr. Altuğ Özpineci

Ortak Tez Yöneticisi: Prof. Dr. Sıtkı Çağdaş İnam

Eylül 2019 , 89 sayfa

Bu tez, XMM-Newton ve Chandra gözlemevlerinin arşiv verilerine dayanarak dört

amanyetik kataklismik değişkenin yüksek çözünürlüklü X-ışını tayflarının bir anali-

zini sunmaktadır. Analiz, patlamadaki klasik nova verilerine odaklanmaktadır; XMM-

Newton RGS tarafından alınan V2491 Cyg, V4743 Sgr ve V407 Lupi verileri ve

Chandra HRC-S+LETG tarafından alınan KT Eridani verileri. Bütün bu novalar, ge-

niş ve maviye kayan soğurma çizgileri bulunan süper yumuşak kaynaklı (SSS) tip

tayfa sahiptir. X-ışını verilerinin modellenmesinde kullanılan statik veya genişleyen

yıldız atmosferi modellerine bir alternatif olarak, ılık ve sıcak emiciler içeren bileşik

modeller oluşturulmuş ve detaylı olarak incelenmiştir. Sürey salım, V2491 Cyg için

çarpışmalı iyonize salım modelinin eklenmesinin yanı sıra bir kara cisim salımı ile

modellenmiştir. Ilık fotoiyonize ve sıcak çarpışmalı iyonize plazmadan kaynaklanan

farklı soğurma bileşenlerinin varlığı tespit edilmiş ve modellere dahil edilmiştir. Yıl-

dızlararası madde ve toz soğurmalarına karşılık gelen soğurma çizgileri dört kayna-

ğın hepsinde biraz farklı yoğunluklar ve element bolluğu ile birlikte modellenmiştir.
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Soğurma bileşenlerindeki, onların yoğunluklarındaki, iyonlaşma ve sıcaklıklarındaki

farklar, atılan maddelerin homojen olmadıklarını ve madde akışının karmaşık mor-

folojisini gösterir. Merkezi salım kaynağındaki değişikliklere ek olarak soğurma bi-

leşenlerindeki değişikliklerin, X-ışını sayım oranlarındaki saatlik değişimlere neden

olduğu gösterilmiştir. Soğurma bileşenlerine sahip olan bileşik model, dört kaynağın

hepsinin SSS tayfının iyi bir tanımını verir ve hızlı hareket eden ve yüksek oranda

iyonize edilmiş plazmadan gelen soğurmaların bu durumlarda dikkate alınması ge-

rektiğini belirtir.

Anahtar Kelimeler: V2491 Cyg, V4743 Sgr, KT Eridani, V407 Lupi, kataklismik

değişkenler, novalar, X-ışını spektroskopisi
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CHAPTER 1

INTRODUCTION

1.1 Motivation and Problem Definition

This thesis is about high-resolution X-ray spectroscopy of cataclysmic variables (CVs)

which is a class of X-ray binaries transferring mass from a donor star to a white dwarf

(WD), a compact star accretor. The most striking characteristics of the CVs are their

outbursts. The CV outbursts occur as a consequence of the hydrogen-rich mass trans-

fer that leads to nuclear explosions on the surface of WD when the ignition conditions

are reached. The resulting eruption is ejecting some portion of the matter of the enve-

lope. The outburst is initially observed as an increase in the optical brightness. Then,

in the post-nova phase, the observed wavelength of maximum energy goes from larger

wavelengths, optical, to shorter wavelengths, X-ray. The source of X-ray emission in

cataclysmic variables might be circumstellar matter shocked by the nova wind, nebula

ejected in the outburst or the thermal emission of the WD atmosphere. X-ray obser-

vations of these sources enable us to improve our understanding of accretion physics;

such as its mechanism and interactions with their surroundings. To be able to infer

physical parameters, spectral modeling of data can be used. The temperatures and the

density of the emitting region, emitting radius or abundances can be determined with

the proper modeling of the actual physical processes.

One of the challenges for spectral modeling is the absorption lines. From Super

Soft X-ray Sources (SSS) to novae, numerous sources had been observed by ROSAT

and BeppoSAX. However, the spectral resolution of the resulting data was low, and

physics interpreted from the spectra were limited. By introducing high-resolution

X-ray spectra with observatories such as XMM-Newton and Chandra, a rich array
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of absorption features have been revealed. As a result, high-resolution X-ray spec-

troscopy can now disclose more detailed information; the properties of the gas flow

in the disk, the characteristics of the plasma originating from the wind and ejecta, the

intrinsic properties of the interstellar medium along the line of sight with the features

of the stellar emission. However, the detailed features of the spectra make it harder to

find the correct physical models.

The environment of a nova atmosphere, unlike any low-density plasma, exhibits a

significant absorption from excited states that are difficult to identify compared to

resonance lines of C, N, O. The strong line absorptions modify continuum emission

of the source along with the absorptions from interstellar medium and circumstellar

material. In most of the cases, these lines are blueshifted to some extend indicat-

ing there is a moving environment that alters the spectrum. Variety in the origin of

absorption and its effects on the spectra requires more realistic complex modeling.

1.2 Proposed Methods and Models

The static and expanding stellar atmospheric models can be used to model the con-

tinuum emission, emission and absorption lines. They are studied in details in the

literature; however, they are insufficient to explain observed complex absorption fea-

tures in the spectrum [2, 3]. We now know that the interstellar medium absorbs some

of the emission coming from the source and modifies the spectrum. Besides, emis-

sion or absorption from the plasma originating from wind or ejecta alters the observed

spectrum and can explain the blueshifts. Hence, we construct a new approach alterna-

tive to stellar atmospheric models. We model the continuum with a simple blackbody

emission. We know that a simple blackbody emission is not accurate and cause some

overestimation of some parameters. But, it is convenient to construct more complex

models, including plasma absorptions with currently available analysis packages. We

consider using absorption models of collisionally ionized hot plasma and photoion-

ized warm plasma originating from wind or ejecta upon blackbody model. The effect

of the interstellar medium is also included. We aim to show that the observed com-

plex absorption features can be modeled by using these plasma components; hence,

consideration of these absorbers are a necessity. For these purposes, we reanalyzed a
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selection of archival XMM-Newton RGS data of the three classical novae V2491 Cyg,

V4743 Sgr and V407 Lupi and Chandra HRC-S+LETG data of KT Eridani.

1.3 Contributions and Novelties

Our contributions are as follows:

• We provided an alternative approach to stellar atmospheric models to explain

observed X-ray spectra of some cataclysmic variables.

• We showed the necessity of constructing complex models, including absorp-

tions from the wind and ejecta surrounding the source and the interstellar medium.

• We provided complementary results of the XMM-Newton RGS data of V2491

Cyg, V4743 Sgr and V407 Lupi.

• The study on V2491 Cyg is published under the title of "Reanalysis of high-

resolution XMM-Newton data of V2491 Cygni using models of collisionally

ionized hot absorbers" in A&A journal.

• We provided a detailed X-ray spectral analysis of Chandra HRC-S+LETG data

of KT Eridani and some of its physical parameters such as stellar abundances

and column densities.

1.4 The Outline of the Thesis

The thesis reports the XMM-Newton high-resolution X-ray spectroscopy analysis of

V2491 Cyg in Chapter 4, V4743 Sgr in Chapter 5 and V407 Lupi in Chapter 7. Chan-

dra observatory analysis of KT Eridani is in Chapter 6. For a better understanding, a

brief discussion on the cataclysmic variables and classical novae is given in the fol-

lowing sections of Chapter 2. The properties of the observatories, data production

and the details of the data reduction and process are given in Chapter 3. The final

section, Chapter 8, covers summary and comments.
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CHAPTER 2

OVERVIEW OF CATACLYSMIC VARIABLES

Cataclysmic variables (CVs) are considered to be fascinating objects due to their vari-

ations that are never repeating themselves, unpredictabilities and chaotic outbursts.

CVs are a subclass of variable double star systems with binary separations less than

a few solar radii and orbital periods less than half a day [1]. In the canonical model

of cataclysmic variables, the more massive main sequence star becomes a giant and

creates an envelope surrounding the binary system. The separation between the stars

decreases while they orbit inside this common envelope, and the orbital period drops

from days to hours. When the envelope dissipates, a compact star, a white dwarf is

emerged with a companion, a red giant or in some cases brown dwarf. The system

evolves due to loss of angular momentum by a braking wind of the giant star until the

companion starts to transfer mass to the WD. At this point, the companion is tidally

and rotationally distorted, due to the extreme conditions, into a teardrop shape called

Roche lobe [1, 4, 5, 6].

The magnetic field strength of the WD determines how the mass is transferred to

its surface. When there is negligible or no magnetic field exists (B<1 MG), the trans-

ferred mass builds up an accretion disk around the WD. In this non-magnetic case, the

material spiral inwards to the WD surface via the disk. If the magnetic field strength

is high, the mass follows the magnetic field lines (B>10 MG) and falls on to the mag-

netic poles of the WD directly, polar case (see Figure-2.1) [1]. When the magnetic

field strength lies between those two ranges, semi-disk forms where the inner disk

is disrupted by the magnetic field lines of the WD and the material drops on to the

surface via accretion curtains, intermediate polar (IP) case [4].

For the accretion case, the mass transfer rate depends on the viscosity of the material
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Figure 2.1: The theoretical model of cataclysmic variable. G is the center of mass. (a)

accretion disk and the bright spot where the material flow hits, nonmagnetic system;

(b) mass transfer through magnetic field lines on to the magnetic poles of the WD,

magnetic system. Reprinted from [1].

affected by the mass transfer from the companion to the outer edge of the disk. If the

mass transfer rate is high, the disk will be in high viscosity but stable state and hot.

There will be no large-amplitude outbursts, and their spectra will lack the common

emission lines of most typical CVs. Such systems are called Nova-like. If the mass

transfer rate is low, the disk will have low viscosity, be cool and unable to sustain the

flow of material provided by the companion. The material will accumulate in the disk

heats it and turns the disk into the high-viscosity state. As a result, the material will

be flushed on the WD surface rapidly and caused the quasi-regular outburst known

as a dwarf nova. Dwarf nova is the most common type of eruption seen in CVs.

The increase in brightness by two orders of magnitudes occurs less than a half a day.

Then, it fades slowly within one or two weeks [7, 5].

The mass transfer of the material to the surface of the WD in any case of CV creates a

layer of hydrogen-rich material. If the proper conditions for the ignition are provided

there will be a violent explosion of this material, thermonuclear runaway, that is called

classical nova. All CVs are considered to undergo a number of classical novae phases,

with recurrence timescales varying from hundreds to thousands of years. For some
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Figure 2.2: The Roche lobe representation of a double star. The larger lobe includes

the more massive star while the smaller lobe includes lighter mass star. In the case

of CVs the companion will fill its Roche lobe and the WD will be in the center of its

with accretion disk. The point where the lobes are connected represents the L1 point.

Reprinted from [1].

CVs, these recurrence times can be as short as a few decades, and these specially

observed cases are called a recurrent nova [7, 5].

In the following sections, brief information on the mass transfer, the types of cata-

clysmic variables, their outburst mechanisms and the observations in X-ray band will

be discussed.

2.1 Mass transfer

In close star systems as in the case of cataclysmic variables, tidal interactions become

important beyond star’s mutual gravitational attraction and centrifugal force seen in

a frame rotating with orbital angular velocity. These tidal effects can lead to circular-

ization of the orbits and increase their rotation speeds such that they are synchronous

with the orbital motion. Additionally, low mass companion is distorted by the gravity

of compact star such that its outer layers are pulled out. At a critical distance point
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gravitational attraction towards the WD becomes greater than the star itself, thus,

material closest to the WD flows between the two stars [1, 4].

The stars can be represented as point masses and the total force on the test particle

in close binary system can be represented by the total potential that is known as the

Roche potential. The points where the total force on the test particle are zero is called

Lagrangian points and the one between the center line of two stars, inner Lagrangian

point L1, is the critical point. The potential surface through L1 resembles the shape

of a dumbbell and the two tear shaped lobes are called the Roche lobes (see Figure-

2.2). If there is no disturbance the material at the point L1 will be in equilibrium. A

slightest change in the state will cause the material to flow from one Roche lobe to

the other [1, 4].

There are three types of binary systems related to the states of their Roche lobe fill-

ings. If each of the star radii is much smaller than the Roche lobe radius, the binary

system is called detached binaries. If both of the stars fill their Roche lobes, the

system is defined as contact binary. The companion of the cataclysmic system fills

its Roche lobe while the white dwarf stays well within its Roche lobe radius. Such

systems are called semi-detached binaries, and here, the accreted mass from the com-

panion to WD does not fall directly on to the WD surface but spirals inwards since

the matter has non-zero angular momentum relative to WD. Due to dissipation, the

matter forms a disk and the accreted material moves within the disk. While the in-

coming material spiral inwards to the WD surface, a small amount of material moves

outwards to the larger radius through the disk to conserve angular momentum. The

disk can grow until 90% of the WD Roche lobe radius where the tidal forces of the

companion set the limits [1, 4].

2.2 Classification and Eruptive Behavior of CVs

2.2.1 Classical Novae

Classical nova explosions are thermonuclear explosions. If the WD mass is less than

0.5M�, it is mostly composed of helium. If the mass is between (0.5-1.2)M�, it is a
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mixture of carbon and oxygen. The WDs having masses greater than 1M� can have

oxygen-neon cores. Matter accreted from the companion is mostly hydrogen, and

this material accumulates gradually on the WD surface. As the material builds up,

the density of the layer increases; and the electrons in the ionized hydrogen become

degenerate. Except for the layer near the surface, the dominant pressure becomes

the pressure of the degenerate electrons. The temperature of the layer increases as

the layer becomes thicker and allows hydrogen fusion to occur. The pressure is in-

dependent of the temperature of the degenerate gas, hence burning causes a thermal

runaway instead of a moderate thermal expansion, and there will be an explosive ig-

nition of hydrogen burning. The strength of the explosion is high enough to eject

the hydrogen layer. The remaining WD is free of hydrogen. The whole process re-

peats itself on a time scale of around 10,000 to 100,000 years. In recurrent novae, the

timescales become decades or centuries [7, 5, 6].

Novae show similar behaviors, but they have different rise and decay rates. The term

that describes the decay rate is t3. It is the time interval required for the visual bright-

ness to drop by 3 magnitudes from its maximum observed value. For a fast nova, t3

may be as fast as a few days, and for a slower one, it can take several months. In

some cases, the mass is transferred too fast. The accreting layer is compressed and

heated. It prevents the onset of degeneracy and ejection of outer layers. Therefore, it

causes an increase in the WD mass over the critical Chandrasekhar mass. If the WD

mass passes this critical limit, a Type Ia supernova explosion is triggered. In general,

successive nova explosions are assumed to cause a decrease in the WD mass hence

prevents the trigger of a supernova explosion [7, 5].

The post-nova of a CV settles down with a high mass-transfer rate. The systems seem

like a post-nova of a CV not observed to have outburst are called nova-like variables.

2.2.2 Dwarf Novae

The dwarf nova outbursts are considered to be much simpler explosions and the

source for these explosions is gravitational field of the WD. However, the instabil-

ities that lead to the outburst are complex, namely the instabilities in the accretion

disk. In the accretion disk mass accumulates on the disk and when the critical density
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is reached, accumulated mass moves rapidly on to the white dwarf releasing signifi-

cant amount of energy causing the outbursts. These resulted in semi-regular outbursts

with various shapes, durations and magnitudes. The recurrence timescale can range

between weeks to years and the amplitudes can change between 4-5 magnitudes.

There are two subclasses of dwarf novae. The first one is the Z Camelopardalis (Z

Cam) stars that alternate between normal outbursts to inactive states. The periods of

inactivity are called as ’standstills’, during when brightness of the star remains static

at the one third of the maximum brightness value. The timescales for these inac-

tive states may be many months and their durations vary. Z Cam stars in standstills

resemble the nova-like systems with lower luminosity values.

The second subclass is the SU Ursae Majoris SU UMa stars. These stars undergo the

super outbursts that last longer than the regular outbursts and have larger amplitudes.

In these cases, in every outburst cycle, the disk is grown in size. There is a reso-

nant radius where the orbital frequencies of the particles are third times the orbital

period. When the disk radius reaches the resonant radius ,the tidal forces are domi-

nant on the disk so that the disk precesses. The eccentric disk can then lose enough

angular momentum through spreading out the excess mass and shrink back to a small

symmetrical disk. Thus the super-outbursts occur. The orbital light curve during the

super outbursts is characterized by superhumps that are synchronized with the orbital

phase. It is believed to be seen due to the asymmetry in the disk structure [1, 4].
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CHAPTER 3

DATA ANALYSIS

We work on astronomical spectroscopy in the X-ray band. X-ray wavelengths gener-

ally range between 0.025Å and 100Å. Soft X-rays cover 5Å to 100Å band, and hard

X-rays range between 0.025Å and 5Å. The absorption probability of high energy

photons is very high. Normal refractive or reflective optical techniques are hard to

use in the observations; hence, special instruments are designed. Besides, the Earth’s

atmosphere is opaque to the short wavelengths (<3000 Å). The observations should

be carried out from outer space. For these purposes, specially designed observato-

ries such as XMM-Newton operated by European Space Agency (ESA) and Chandra

operated by National Aeronautics and Space Administration (NASA) are built.

In this chapter, we focus on data analysis. We briefly discuss the general properties

of the observatories XMM-Newton and Chandra, the data processes and the models

that are used. The source and the results will be discussed in the following chapters.

3.1 XMM-Newton Observatory

The XMM-Newton Observatory is operated by ESA for the purpose of obtaining the

high sensitivity and high resolution in X-ray observations1. The observatory consists

of three telescopes and three instruments in operation [8]. European Photon Imaging

Camera (EPIC) is at the prime focus of all telescopes, Reflecting Grating Spectrome-

ter (RGS) are on two of the three telescopes. The third telescope is for the optical/UV

observations with Optical Monitor (OM) [9].

Three EPIC cameras are designed for imaging and spectroscopy to perform in the
1 http://sci.esa.int/xmm-newton/
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energy range between 0.15 and 15 keV. Metal-oxide semiconductor (MOS) CCDs

are used in two of them [10] and Pn CCDs on the last one [11]. The Reflecting

Grating Spectrometers, RGS1 and RGS2, are located behind the two telescopes with

their associated cameras [12]. The energy range for the RGS is between 0.33-2.5

keV. In the cameras, eight of nine MOS CCDs, arranged in a strip, record the coming

dispersed photons. The ninth CCD is closest to the optical telescope and generally

used for the determination of the background. Each spectrometer has a failed chip

causing a gap in the observed spectra. Fortunately, the missing spectral regions are

different for RGS1 and RGS2. The lost information can be obtained from the spectra

of the other spectrometer. The most common approach is to use the combination of

each RGS1 and RGS2 spectra. Again this approach allow users also to fill the gaps

due to bad pixels, the spectral bins contain no information [13].

XMM-Newton provides Science Analysis Software (SAS) to work on raw data, gener-

ate RGS event files and extract the spectra2. For the analysis, we used versions 14.0.0

in MacOS and 17.0.0 in Linux based virtual machine with their latest calibration files

available on the time of analysis. The XMM-SAS routine rgsproc is used to reprocess

the data. Initially, standard filters, source position and wavelength zero point are used

to extract source and background count spectra. Then, we made all the necessary

data checks to obtain good results. All XMM-Newton sources worked in this thesis

do not need any correction for the flares or sporadic high background. They were

bright during the observations. One can also use rgsfluxer to obtain flux spectra of

each spectrometer and order.

In the analysis, rgsproc allows us to apply any time filters to extract spectra over

any given time interval. We applied additional time filters to obtained corresponding

time specific spectra, such as in the V2491 Cyg first region case and the V4743 Sgr.

For each and every time filtered region, rgsproc and rgsfluxer routines are re-used to

produce appropriate response matrices and flux spectra.

2 https://www.cosmos.esa.int/web/xmm-newton
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3.2 Chandra

The Chandra X-ray Observatory is operated by NASA3. The mission aims to improve

sensitivity between 0.1 to 10 keV and the spatial resolution along with the spectral

resolution in the observations relative to earlier X-ray missions such as Einstein. All

these improvements allow the study of faint sources even in crowded fields. The

observatory contains one high-resolution mirror, two imaging detectors and two sets

of transmission gratings [14].

The High Resolution Camera (HRC) [15] and the Advanced CCD Imaging Spectrom-

eter (ACIS) are the two focal plane detectors. The instruments are behind the four

iridium coated reflecting surfaces arranged in Wolter type 1 geometry with small re-

flection angles. The resolution obtained from the mirrors is 0.5 letg. HRC is designed

for high-resolution imaging (HRC-I) and fast timing measurements and spectroscopy

(HRC-S). The HRC-S energy range is 0.06-10 keV but energy resolution is low. As a

result, HRC-S can not resolve overlapped spectral orders. ACIS is used for the simul-

taneous imaging (ACIS-I) and spectroscopy (ACIS-S) with its two-dimensional array

of charged coupled devices. It provides an advantage in the observation of extended

objects and can measure the energy of each incoming X-ray so it can resolve higher

orders.

The transmission grating optimized for the low energies is LETG [16] and for the

high energies is HETG. Either ASIC or HRC can be used with the gratings to record

the data. The HRC-S is well suited with LETG while ASIC-S can be used with both

LETG and HETG.

All the Chandra data can be processed with CIAO software provided by the Chandra

X-ray Center (CXC) [17]. We used the software version 4.11 with its most recent cal-

ibration package CALDB 4.8.2. The main routine is chandra-repro to extract event

files, source and background spectra, ancillary response files, and redistribution ma-

trix files. More detailed analysis can be done specific to the observation by following

the science analysis threads4. The HRC-S+LETG observations provide +1 and -1 or-

der spectra. The spectra can be either analyzed simultaneously or combined by using

3 http://cxc.harvard.edu
4 http://cxc.harvard.edu/ciao/
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a combine-grating-spectra routine.

3.3 SPEX

SRON (HEA Division, Netherlands Institute for Space Research) produces a software

package SPEX optimized for the analysis and interpretation of high-resolution cosmic

X-ray spectra [18]. It is specialized for modeling the spectra obtained by current

X-ray observatories like XMM-Newton and Chandra. We used two version of this

program version 2.05.04 for the analysis of V2491 Cyg and version 3.03.00 for the

all other sources.

SPEX normally work with a specific defined files in the fitting analysis. The result-

ing count rate spectra and response matrixes obtained from XMM-Newton or Chan-

dra should be converted to its specific file format, but, fortunately, it can directly

work with the fluxed spectra obtained from XMM-Newton rgsfluxer if it is specifi-

cally produced in the wavelength range 5-38Å with 3400 bins in earlier version and

4-40Å with 3600 bins with the later version. By using RGS-fluxcombine routine in

the SPEX, one can combined the fluxed spectra of the RGS1, RGS2, first and second

order data files and obtained one combined flux spectra compatible with the SPEX.

Then, RGS-fmat can produce corresponding response matrix for the combined flux

spectra. The combination of the RGS1 and RGS2 data files is necessary since as it is

explained previously, such combination completes the missing spectral information

due to failures in the chips. In addition the combination of the first and second order

spectra increases the signal to noise ratio.

One exception to combination in the orders is the case of V4743 Sgr. During the

XMM-Newton observation of V4743 Sgr the CCD chips are overloaded and the events

are piled-up. Due to this pile-up effect the PN and EPIC data were not suitable to used

in the analysis. The RGS data in most of the cases are not affected by the pile-up as

much as the EPIC and PN data. However, the pile-up effect in the V4743 Sgr obser-

vation was moderate and it can be seen in the second order RGS1 and RGS2 spectra.

Therefore, we considered to use only first order spectra by assuming the piled-up

photons seen in the second order spectra only affects the depth of the absorption lines
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in the higher wavelengths insignificantly.

3.4 Emission models

The composite model for spectral analysis based on the continuum emission. The

spectra of novae in outburst have a soft X-ray component resembling a blackbody-

like stellar continuum emission with complex absorption lines. It originated from the

underlying WD. Previously, static and expanding stellar atmospheric models are used

for the spectral analysis of X-ray data of these novae. For the investigation of the

warm or hot plasma absorbers, we assumed a simple blackbody emission.

Several novae having super-soft-source type spectra contain emission lines. In the

case of V2491 Cyg, the emission lines for Mg and Ne between 7-14Å are visible.

These emission features can be modeled by considering emission from plasma in

collisionally ionized equilibrium. SPEX provides a model cie for the collisionally

ionized plasma. In the model, the important parameters determining the spectral

shape and flux are electron temperature Te and emission measure Y. The electron

temperature is considered to be the plasma temperature, and it determines the result-

ing spectrum. The emission measure can be simply put as

Y =

∫
nHneV (31)

where ne is the electron density and the nH is the hydrogen density.

The elemental abundances of the plasma are also important. They determine the emis-

sion lines and the overall shape of the continuum emission. In the high-resolution

X-ray spectroscopy, ion temperatures and the turbulent velocity can be important. If

the plasma is in a non-equilibrium state, the electron temperatures and the ion tem-

peratures are not the same. When the plasma is in equilibrium, the ion temperatures

and the electron temperatures are coupled. The turbulent velocity for the analysis of

V2491 Cyg is included since it affects the width of the emission lines.
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3.5 Absorber models

In spectral analysis, we need to take into account the absorption of photons between

the observer and the emitting source. Depending on the dynamics of the plasma

absorptions, models can vary. SPEX provides some absorption models based on its

atomic database. For each absorption mechanism it offers a dynamical model that

is calculating the column densities and their transmission. The main assumption in

all the absorption models is that there is no re-emission. It can be considered in this

way if the X-ray source sees the absorbing medium with a small solid angle. When

we look through such an absorbing medium the transmission can be recalculated as

e−τ(E) with τ(E) is the optical depth.

In more details, the optical depth can be considered with two parts. The first contri-

bution comes from the the total continuum τc(λ) and the second contribution is from

the line optical depth. Then, the transmission T (λ) of the slab can be given as

T (λ) = e−τc(λ)−τl(λ) (32)

This basic approach allows a fast computation of the spectrum if the thickness of the

slab is considered to be small.

In some cases, absorption line is split into different velocity components. The differ-

ence can not be fully resolved in X-ray, so one can use

τl(v) =
∑
i

τie
−(v−vi)2/2σ2

v (33)

to define line optical depth. The velocity components can be taken as vi = v0 + i4v,

where v0 is the average velocity of the blend (a negative value associated with outflow

or a blueshift) and4v is the separation between the velocity components. And, τi is

taken as

τi = Ke−v
2
i /2σ

2
b (34)

with the consideration of the r.m.s. width of the blend σb is in general larger than

the intrinsic width σv of the components. Here,
∑
τi = τ0 is used to define the

normalization K. As a result, the total optical depth τ0 is defined as

τ0 = 0.106fN20λ/σv,100 (35)
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N20 defines the total column density of the ion in units of 1020m−2, f the oscillator

strength.σv,100 is the velocity dispersion in units of 100 km/s and λwavelength should

be taken in Å.

Two main absorption models hot and xabs that can be used to model different ionized

intrinsic absorber components in the system. The collisionally ionized (in equilib-

rium) plasma is modeled with hot and photoionized plasma is modeled with xabs.

The transmission of a plasma in collisional equilibrium can be estimated by hot model

with its relative solar abundances. By using a collisional ionization plasma, different

ionic column densities can be correlated. This model can be used if the medium has

a non-negligible optical depth and a negligible photoionization effects. The param-

eters defining the model are temperature, hydrogen column density and abundances

of the ionized elements. The abundances are actually calculated relative to the stan-

dard abundance values that are given by proto-solar abundances of Lodders & Palme

(2009) [19]. The model calculates the ionization balance for the given temperature

and abundances. Then, it determines all ionic column densities by scaling to the pre-

assumed hydrogen column density. The total transmission of the plasma is estimated

by using these column densities and by multiplying the transmission of the individ-

ual ions. The transmission as described above can be defined by continuum and line

opacity. The continuum opacities are taken from [20]. The wavelengths for the ions

and line opacities are taken from [21]. The absorption due to neutral gas can also be

modeled by hot with very low temperatures around 0.5 eV. We used this property to

model interstellar absorption along the line of sight.

The xabs model can be used when a plasma composed of different ions is located

between the ionizing source and the observer. It calculates the warm, photoionized

absorption from this plasma. The ionic column densities are correlated through a

set of values obtained from a photo ionization code.The xabs model assumes only

absorption by the ions and no re-emission as discussed earlier. It also includes scat-

tering out of the line-of-sight by the free electrons in the slab. The transmission, T(λ),

of the slab is given as

T (λ) = e−τc−τl−τe (36)

here τe is the electron scattering optical depth. For τe the classical Thomson approx-
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imation is valid below 10 keV. Similarly, τl is a function of v and σv which are free

parameters of xabs.

The photoionisation model calculates the relative column densities of the ions with

two free parameters; the equivalent hydrogen column density NH of the ionized ab-

sorber in units of atoms cm−2 and ξ the ionization parameter of the absorber. ξ is

defined as ξ = L/ng r
2, where L is the luminosity of the ionizing source, ng the

density of the plasma and r the distance between the slab and the ionizing source and

is given in units of erg cm s−1.

To use the xabs model in SPEX the ionic column densities of a photoionized slab is

needed to be pre-calculated for different values of ξ. For this purposes we used a

software called CLOUDY [22] version C08.00 and version C13.00 as expected from

SPEX. For a given spectral energy distribution (SED), the code computes the ionic

column densities for each ionization parameter ξ. A good determination of the energy

distribution is important for each source. The ionization equilibrium is different for a

soft irradiating spectrum than a hard irradiating spectrum with the same luminosity.

We calculated the model SED by using the software XSPEC (v12.9.0) [23]. We

assumed an ionizing continuum of a blackbody model with temperature 65 eV for the

V2491 Cyg, 70 eV for V4743 Sgr, 60 eV for KT Eridani and 50 eV for V407 Lupi.

SPEX uses the ionic column densities obtained from CLOUDY in the model analysis

and gives the best-fit values for NH and ξ.
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CHAPTER 4

V2491 CYG

On April 10, 2008, a possible nova was spotted [24] on unfiltered CCD frames with

visual magnitude 7.7 mag. The source was assigned as a variable star V2491 Cyg

[25]. The subsequent studies showed that the optical and infrared spectra of the nova

had complex and broad emission lines. The lines had expansion velocities around

3900-6400 km s−1 [26, 27]. It is classified as He/N nova [28, 27, 29] with ONe WD

[30], or a possible CO WD [31, 32]. The decline time t2, a time required for the

visual maximum magnitude to drop by 2 mag, was 4.6 days (4.8 days from the exact

maximum [33]). Hence, it is considered as a fast nova similar to V2487 Oph and

V838 Her [34].

Extensive analyses in X-ray were carried out on the pre-nova, outburst and post-nova

stages of V2491 Cyg [35, 30, 36, 37, 32, 38]. Earlier X-ray observations revealed

that it has been seen before outburst and was a persistent X-ray source, that makes

it the second fastest nova observed in pre-nova in X-ray after V2487 Oph [35, 34].

The decline time t3, 3 mag drop, can not be used since the optical spectrum exhibits

a secondary peak around day 15 [33, 39]. Such re-brightening is explained by the

highly magnetic characteristic of the source, that creates the debate that V2491 Cyg

might be a Polar [39, 40, 38]. Furthermore, non-thermal emission identified in X-rays

throughout the outburst and a distinct blackbody-like component with effective tem-

perature 77 eV seen in X-rays (an indication of being Soft IP) at post-nova quiescent

phase favors magnetic scenario [39, 40, 38].

The distance to the source is estimated as 10.5 kpc [29] by using the reddening E(B-

V)=0.43 calculated via OI line ratios [41]. Meanwhile, Munari et. al (2011) estima-

tion was 14 kpc based on the reddening E(B-V)=0.24 [33]. A recent distance estimate
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is 2.1±1.4 kpc for V2491 Cyg [42]. Additionally, GAIA observations yielded a dis-

tance of ∼6.5 kpc [43] which creates a discrepancy in the results. The mass of the

white dwarf is estimated as (1.30±0.02)M� [39]. The prominent characteristics of

the V2491 Cyg are that it hosts a massive WD, has high expansion velocities and

rapid decline in optical magnitude. When pre-nova detections that imply the source

has a high accretion rate also taken into account, V2491 Cyg is argued to be recurrent

nova [32, 44].

The interstellar medium (ISM) absorbs some of the radiation coming from the source

especially photons with the higher wavelengths. Such absorption affects the observed

spectrum hence one should consider the absorbing column density of hydrogen NH of

ISM. Along the line of sight to the source V2491 Cyg, the estimations for the column

densities are in the range NH=1.9-2.9×1021 atoms cm−2 as indicated in [45, 13] and

NH=3.8×1021 atoms cm−2 derived from Swift data [32]. One can also use interactive

programs such as nhtot1 to calculate the column density of the hydrogen that uses the

database from [46]. nhtot yields the value NH=4.35×1021 atoms cm−2

4.1 Observations and the data

The XMM-Newton observations form part of the X-ray data on V2491 Cyg. The first

observation was done 39.9 days after the outburst on May 20, 2008, and followed by

the second observation 9.7 days after on May 30, 2008 (49.9 days after outburst) [30,

36]. We used these two observations in our analysis. We focused on the Reflection

Grating Spectrometer (RGS) data to obtain high-resolution spectra. The exposure on

the RGS of the first set was 39.2 ks, and the second was 29.8 ks.

The data are processed with XMM-SAS rgsproc routine as discussed in Chapter 2.

We extract the RGS1-RGS2 first and second order source and background count

spectra by using standard spatial and energy filters, then obtained the flux spectra

as described in the second chapter between 5-38Å with 3400 bins. For an adequate

analysis, all of the RGS1-RGS2 first and second order flux spectra are combined and

obtained one flux spectra for further processes. The resultant spectra are binned by

1 http://www.swift.ac.uk/analysis/nhtot/
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Figure 4.1: The light curves of V2491 Cyg obtained from XMM-Newton RGS1 data

39.9 days after outburst, on the left, and 49.6 days after outburst, on the right. The

variation in the first observation count rate and corresponding time intervals that are

taken into account for the analysis can be seen on the left. The corresponding time

intervals labelled as 1, 2 and 3 as discussed in the text.

factor 2 for the correct statistical analysis and to ensure a minimum of 10 counts/bin

the range 7-14Å is re-binned by factor 4. The similar data process is followed for

both observations.

4.2 Analysis and Results

The light curves (LC) of both observations were obtained from RGS data. The LCs

were extracted from the RGS1 first order count rate and binned with 100s, Figure-4.1.

It is clear that the count rate is highly variable within a short time scale in the first

observation. The prominent feature is the extended dip in count rate after day 40.01

lasting 0.12 days with 3.5 count s−1. Initially, the mean count rate is 13.2 count s−1

and after the dip, it rises to 20.1 count s−1. Such a variation is not observed after day

49.6 that has the mean count rate of 2.6 counts s−1.

The spectrum resembles a bright super soft source SSS. Continuous emission ranges

between 7-38Å and the range 15-35Å embedded with very broad and complex ab-
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sorption features that profiled an absorbed blackbody. The continuous emission peaks

around 24Å and the prominent absorption lines are around 19Å and 24.5Å with an

addition around ∼23Å corresponding to OI absorption edge. The first two absorp-

tion lines are photospheric origin while the third one, with1s-2p absorption line at

23.5Å is an interstellar line [13]. Previous, studies showed that most of the lines are

blueshifted by -3000 to -3400 km s−1 and are broadened by∼1200 km s−1. The range

7-14Å shows some emission lines of Mg and Ne and are analyzed separately. These

main features appeared in both observations while the differences lie in the height of

the peak and the other observed absorption lines and/or their depths.

Model descriptions range from static atmospheric models to wind type atmospheric

models to fit the observed nova spectrum. In general, static atmospheric models,

non-local thermal equilibrium models (NLTE) are enough to explain the complex

absorbed spectrum. In the case of the observed blueshifts, one can consider wind type

atmospheric models. However, high-resolution X-ray observations bring out more

complex absorbed features to be explained. Such complexity cannot be well fitted by

the above models hence one should consider different model descriptions. Absorption

from ionized plasma that is surrounding the source can cause the observed complex

features. The properties of ionized plasma, density, temperature, ionization level and

the element abundances can affect the spectrum. We obtained a composite model that

includes ionized absorber plasma models to fit both nova data. A software package

SPEX optimized for the analysis of the high-resolution X-ray spectra presents two

main ionized absorber models xabs and hot that can be used to interpret intrinsic

absorption from the warm photoionized or hot collisionally ionized plasma. Such

plasma models are previously used (such as xabs) [45]. To compare the different

ionized absorber components in the system, we used a similar model approach .

The composite model is constructed by the two continuum models overlapped by the

absorber components. Blackbody bb is used to fit the main continuum emission. Even

if the bb is not an efficient model for the continuum as the atmospheric ones, and some

of the atmospheric absorption lines will be missing, it still provides a good approx-

imation under these circumstances. For the harder X-ray band where the emission

lines appear, an additive collisional equilibrium emission plasma model cie is used.

There are three groups of absorber components we consider in the analysis. The first
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one is the absorption in the line of sight due to ISM between the observer and the

source. Cold gas absorption in the ISM can be represented by using the hot model

in the SPEX software with a very low temperature around 1 eV. Additionally, the ab-

sorption due to dust along the line of sight can be included by using the amol model.

These two components are applied both bb and cie. However, the last and the main

absorber components, that are collisionally hot plasma (hot model) and the photoion-

ized warm plasma (xabs model) only affect the bb component where the complex

absorption lines exist. To summarize, the composite model is obtain as [amol x ISM

x (cie + (hot2 x hot1) x bb)].

Full-time spectral analysis on first observation does not yield an adequate result due

to high-variation on the count rate. Therefore, three different time zones were deter-

mined and spectral extractions have been made accordingly as discussed in [13, 45].

The time intervals are marked in the left panel of Figure-4.1. The first time interval is

labelled as era1 and the dip seen in the LC is labelled as era2. The time interval with

the highest mean count rate is labelled as era3. As a result, four spectra are analyzed

in total. The complexity of the composite model makes it hard to work with full free

parameter space; hence, some of the parameters should be kept fixed during the fitting

procedure. Due to the high signal to noise ratio and to fix some of the parameters, the

spectral analysis is first applied to the spectrum of era3 for the first observation. A

similar procedure is followed for the second observation spectrum.

Initially, hard X-ray wavelengths (7-14 Å) is fitted with [ISM x cie] model, where

only neon and magnesium contribute to the emission, to follow a similar approach to

Pinto et. al [45]. The abundances of these elements and vmic are obtained from the

best fits and used in the full model fitting for both observations. The values obtained

for era3 are used in the first and second time interval as well. The corresponding flux

fits to the two data set is shown in Figure-4.2 and the abundances are listed in the

Table-4.2 (and Table-4.3). An additional bb model is used in the second observation

data fitting. Such inclusion is necessary to account for the long wavelength excess

since without it, χ2
ν of the fit becomes 2.15 which is not acceptable. The second bb

spectral parameters are different from the main bb model that accounts for the stellar

emission. Its temperature is 120-131 eV, the normalization is 2-4×1015 cm2 hence

the emitting radius is 1.26-1.78×107 cm and the luminosity is 6×1035 erg s−1. We
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Figure 4.2: V2491 Cyg combined RGS1 and RGS2 flux spectrum in the wavelength

range 7-14.4Å. The spectrum is of the era3 is on the left and the spectrum of the

second observation is on the right. The model spectrum is represented by the red line

and is composed of the plasma emission cie and the cold hot absorption model for the

ISM. An additive blackbody model is used for the continuum emission for the second

observation.

also included the second bb model in the total RGS band fitting between 7Å and 38Å.

However, the spectral parameters, especially the stellar emission did not affected.

Following the initial fitting in hard X-ray band, the determined parameters, abun-

dances of Ne, Mg and vmic, are fixed and full flux fitting is processed for era3. As

mentioned before, the high count rate enables us to determine some of the parameters

with higher accuracy. The abundances obtained from this iterative fitting is used in

era1, era2 and the second observation as well. The abundances are kept fix during

both observations since in such a short duration time, 10 days, it is assumed that the

elemental abundances in the ejected material or in the wind will be the same. The

model fits can be seen in Figure-4.3 and Figure-4.4 and the resulting spectral param-

eters from the best fits are listed in the Table-4.2. Hydrogen is taken as the reference

element in all abundance calculations and the units are given in solar units. The con-

fidence level is 90% for a single parameter in the error calculation. The number of

degrees of freedom is around 1400.
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For further investigation, we extended the composite model and added a photoion-

ized plasma model xabs to see if there will be any improvements in the χ2
ν . The

composite model takes the form [amol x ISM x (cie + (hot2 x hot1 x xabs) x bb)].

The existence of a third absorber with photoionized plasma characteristic between

the emitting source and the collisionally ionized absorbers improves the fits and the

results are given in the Table-4.3.

4.3 Discussion

The X-ray spectroscopy with the help of observatories such as XMM-Newton and

Chandra reached the high-resolution spectra era. Such improvements brought out

more complex emission or absorption features that should be examined. Interpre-

tation from these spectra will help to understand the physics that lies beneath. In

the case of a nova explosion, ejected material forms optically thick or thin shells

surrounding the emitting source. The high energy photons produced from the emit-

ting source had to travel through these shells. The resulting spectrum seen in the

high-resolution X-ray grating data is a blackbody-like continuum originating from

the photosphere with the combination of absorption lines.

We discussed previously that to derive spectral parameters in X-ray spectroscopy, the

first attempt is to use local thermodynamic equilibrium (LTE) and hydrostatic non-

local thermodynamic equilibrium models (NLTE) [47]. These models provide a good

description for the absorption edges and lines seen in a static atmosphere. However,

some of the observed blueshifts in the lines could not be modeled with these mod-

els hence to compensate these inadequacies, expanding atmosphere models such as

PHOENIX [3] are created. Such expanding models yield better estimated spectral

parameters but still far from covering the whole interpretations for the complex ab-

sorption features. We aim to model the absorption components that are considered

to surround the emitting source. This approach is independent of the choice of the

continuum whether it is static or expanding but aims to investigate the effects of an

absorber to the spectra. We assume existing absorbers components give rise more

complicated profile over the photospheric origin.
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Figure 4.3: The RGS flux spectrum of V2491 Cyg era1 on the top and era2 on the

bottom panel. The fitted composite model is represented by the red line. It is con-

structed by two hot models. Several identified blueshifted absorption lines are given

in the plots.

26



O VIIIγ

O VIIIβ

O VIIβ

O VIIIα

N VIIγ

N VIIβ

O VIIα

O I
N VIIα

C VIγ

C VIβ

N VI

N I 1s-2p
C VIα

O VIIγ

O VIIβ

O VIIIα

N VIIγ

O VIIα

O I
N VIIα C VIγ

C VIβ

N VI

Figure 4.4: The RGS flux spectrum of V2491 Cyg era3 on the top and second ob-

servation on the bottom panel. The composite model is constructed with two hot

absorption models.
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We modeled the continuum emission with a blackbody besides a plasma emission

model in collisional equilibrium. The blackbody model is simple. It does not in-

clude the absorptions that could exist in the stellar atmospheric emission thus some

of the photospheric features would be missing in our analysis. Besides, the black-

body assumption could give Super-Eddington luminosities. However, the choice for

the model depends on firstly to reducing the free parameters used in the fitting pro-

cedure and then to the impossibility of including a user-defined model to SPEX v

2.05.04 utilized for the analysis. We aim to model the absorber components, hence

the blackbody assumption provides a good approximation.

We obtained the blackbody temperature of 61-91 eV (7.3-10.1×105 K) and 69-85

eV (8.3-10.0×105 K) from the first and second observation. When an additional

warm absorber model xabs included, the range narrowed down slightly to 62-85 eV

and 78-82 eV respectively. The blackbody temperature for the first observation is

larger than the value obtained from Swift on day 40, but for the second it is in good

agreement with the Swift value obtained for day 53 [32]. The effective temperatures

with expanding NLTE atmosphere models [39] are lower than out best-fit values,

but the ones obtained from fits with photoionized absorbers are higher [45]. The bb

temperature can also be used to infer the WD mass. It is in the range 1.15-1.3 M�

consistent with the fast nature of the nova [31].

The normalization parameter of the bb is equal to 4πR2, thus we can calculate the

effective radius of the blackbody emitting region and deduce the WD radius. The

effective radius are calculated as 32-39×108 cm for the era1, 12-29×108 cm for the

era2, era3 and (2.8-7.5)×108 cm for second observation. The consideration of xabs

as a third absorber slightly changes these limits to 27-30×108 cm, 17-20×108 cm and

2.8-4.9×108 cm respectively. There is a notable change of radius by a factor of 5-10

within 10 days, it is getting smaller. A fast decrease by about a factor of 2-3 in radius

within a week was detected earlier for V1974 Cyg [48]. It is also noted that radii

above 1×109 cm implies a bloated WD. Note that the derived radius for the emission

region, on second observation, gives the expected range for the WD radius with CO

core [31].

Best fit luminosities are Super-Eddington as discussed previously, see Table-4.2 and
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Table 4.1: Elemental abundances obtained with a composite model includes two hot

absorber in the first column and with a composite model includes two hot and one

warm absorber in the second column

Abundances Two hot model Two hot - one warm model

C 0.43+0.07
−0.07 0.38+0.07

−0.07

N 5.9+0.5
−0.9 5.8+0.2

−0.2

O 37.9+5.8
−10.0 15.9+0.5

−0.5

Si < 0.02 < 0.06

S 0.02+0.01
−0.01 0.02+0.02

−0.01

Ar 1.6+3.9
−1.2 < 0.5

Ca < 0.01 < 0.02

Fe 8.9+3.8
−2.1 8.9+3.8

−2.1

Table-4.3. However, the distance to the source also affects the luminosity calcula-

tions. The estimations for the distance to the source V2491 Cyg is 2.1-3.5 kpc to

10.5 kpc and 14 kpc. In our analysis, for the comparison reasons, we assume 10.5

kpc distance to the source; however, a smaller distance will decrease these luminosity

values further, by a factor of 10-25, and reducing the values to Eddington limit.

The hard X-ray part of the spectra is modeled with collisional equilibrium emission

model cie for the derivation of the Ne and Mg abundances. The elemental abundances

are around 2.4 and 1.3 in solar units respectively for both observations within the

error range, see Table-4.2 and Table-4.3. The temperature derived from the best fits

is around 0.2 keV consistent with shock temperatures for stellar winds. But, the

luminosities are high due to the simultaneous fit with the bb and its inefficiency to

model hard X-ray tail [31].

The composite model consists of two collisionally ionized hot absorber components.

The first hot component hot1 show equivalent column density of hydrogen in a range

0.6-4.3×1023 cm−2 for first and 1.7-2.9×1023 cm−2 for second observation. The ab-

sorption drops successively from era1 to era3. Once we include the additional xabs

model, the ranges of the column density of hot1 component becomes 0.5-3.9×1023

cm−2 for first and 1.4-8.5×1023 cm−2 for second observation. In the meanwhile,
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hot2 component is 1.6-18×1023 cm−2 to 4.6-5.3×1023 cm−2 for first and second ob-

servation. The absorption pattern is a little different than the first, here the lowest

absorption is in the era2 and then second observation. The values for the column den-

sity for hot2 in Table-4.3 is 2.0-16.2×1023 cm−2 and 5.7-7.2×1023 cm−2 respectively.

There does not seem to be a strong variation in the H column density parameters over

the four time intervals, only hot2 components have higher values than hot1.

The plasma temperatures can indicate the origin of X-ray emission. The temperature

values obtain from the Swift observations are 1.0-2.5 keV and 1.8-4.0 keV on day 30

and 53 [32]. These values hint that X-ray emission comes from shocked, fast-moving

ejecta. The temperatures we obtained, 1.1-3.6 keV (1st obs.), 1.3-2.0 keV (2nd obs.)

for hot1 and 0.5-1.0 keV (1st obs.), 0.4-0.9 keV (2nd obs.) for hot2, resemble the

Swift temperatures. The values on Table-4.2 and Table-4.3 overlaps.

Our best fit results with the composite model of two collisionally ionized absorbers

for abundances are C/C�=0.3-0.5, N/N�=5-7 and O/O�=28-43. When the third pho-

toionized absorber component is taken into account, the oxygen abundance becomes

O/O�=15-17 while the abundance of the carbon and nitrogen remain the same. We

find that C is underabundant while N is overabundant as expected from H-burning

process. The overabundance of oxygen implies the existence of an WD with CO

core. The abundances for the other nova elements are also listed in Table-4.1.

The additional warm absorber component improves the overall model fitting. This

indicates a variety in the absorption components and their origins. It also indicates

that photoionized absorption is present in the expanding nova shell. The hydrogen

column density of the photoionized absorption is 1.3-4.3×1020 cm−2 for first and

0.5-0.7×1020 cm−2 for the second observation, as can be seen in Table-4.3. The same

parameter for interstellar material in the line of sight is higher than these values and

they are made of 1-0.1% absorption of the collisionally ionized gas [31].

The absorption due to interstellar material is imitated by using the hot model with

low temperature, 1 eV and the neutral hydrogen column density derived as about

3.2-4.2×1021 cm−2 for first and 2.2-2.7×1021 cm−2 for second observations from the

best fits. The estimated value derived from Swift data and the resulting value from

nhtot along the line of sight, (3.8-5.5)×1021 cm−2, is in very good agreement with
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Table 4.2: RGS best fit spectral parameters of the four time intervals derived from the

composite model constructed with two Hot absorber models.

Model Parameters Era1 Era2 Era3 2nd Obs.

BB Norm (1020cm2) 1.53+0.39
−0.25 0.23+0.86

−0.04 0.40+0.47
−0.21 0.02+0.05

−0.01

kT (eV) 68.5+0.9
−0.9 64.5+0.6

−3.6 88.4+2.7
−1.8 75.7+9.1

−6.5

L(1039 erg s−1) 2.18 0.23 1.92 0.05

CIE Norm (1058cm−3) 0.40+0.11
−0.09 0.72+0.79

−0.32 0.42+0.13
−0.05 0.27+0.06

−0.1

kT (keV) 0.20+0.01
−0.01 0.16+0.03

−0.02 0.20+0.01
−0.01 0.30+0.13

−0.03

vmic (km s−1) 2791 2791 2791+333
−288 25068+1383

−951

Ne 2.45 2.45 2.45+1.36
−0.92 2.4+0.9

−0.9

Mg 1.2 1.2 1.2+1.0
−0.6 1.98+0.70

−0.70

L(1036 erg s−1) 1.31 1.78 1.38 0.77

HOT-1 NH (1023cm−2) 4.0+0.3
−0.3 0.9+0.3

−0.1 0.7+0.1
−0.1 1.9+1.0

−0.2

kT (keV) 2.63+0.96
−0.56 1.77+0.17

−0.12 1.06+0.03
−0.03 1.38+0.58

−0.12

σv (km s−1) 872+25
−24 827+61

−86 879+12
−12 114+18

−15

zv (km s−1) −3186+51
−50 −3699+113

−173 −3128+30
−31 −2636+47

−45

HOT-2 NH (1023cm−2) 8.6+0.3
−0.3 1.8+0.1

−0.2 18.0+0.2
−0.2 5.1+0.2

−0.5

kT (keV) 0.81+0.03
−0.03 0.58+0.07

−0.11 0.99+0.03
−0.03 0.82+0.05

−0.45

σv (km s−1) 54+8
−9 < 9 56+4

−5 60+7
−8

zv (km s−1) −3180+71
−58 −3038+6

−183 −3194+30
−31 −3550+36

−33

ISM NH (1021cm−2) 3.89+0.06
−0.06 3.84+0.06

−0.19 3.26+0.05
−0.09 2.4+0.3

−0.2

kT (eV) 1.11+0.03
−0.04 1.20+0.02

−0.04 1.01+0.02
−0.02 0.8+0.3

−0.3

N 1.16 1.16 1.16+0.12
−0.12 1.16

O 1.75 1.75 1.75+0.04
−0.02 1.75

Fe 0.95 0.95 0.95+0.13
−0.12 0.95

AMOL O2 (1017cm−2) 0.34+0.13
−0.13 2.3+0.2

−0.2 < 0.1 1.3+0.1
−0.1

H2O (1017cm−2) 5.5+0.3
−0.3 7.8+0.5

−0.5 4.77+0.13
−0.13 7.2+0.2

−0.2

CO (1017cm−2) 1.28+0.13
−0.13 0.27+0.2

−0.2 0.1+0.07
−0.06 < 0.1

χ2
ν 1.80 2.4 2.86 2.3

(d.o.f.) (1415) (1439) (1440) (1465)
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Table 4.3: RGS best fit spectral parameters of the four time intervals derived from the

composite model constructed with two Hot absorber and one warm absorber models.

Model Parameters Era1 Era2 Era3 2nd Obs.

BB Norm (1020cm2) 0.99+0.06
−0.06 0.46+0.05

−0.05 0.40+0.01
−0.01 0.02+0.01

−0.01

kT (eV) 68.1+0.5
−0.5 63.1+1

−0.8 84.6+0.4
−0.4 79.9+1.2

−1.2

L(1039 erg/s) 1.37 0.43 1.57 0.06

CIE Norm (1058cm−3) 0.97+0.47
−0.37 1.14+0.71

−0.40 0.42+0.13
−0.05 0.55+0.04

−0.04

kT (keV) 0.18+0.02
−0.01 0.17+0.02

−0.02 0.19+0.01
−0.01 0.26+0.01

−0.01

vmic (km s−1) 2914 2914 2914+612
−510 22410+1688

−1466

Ne 2.45 2.45 2.45+1.36
−0.92 2.4+0.9

−0.9

Mg 1.2 1.2 1.2+1.0
−0.6 1.98+0.70

−0.70

L(1036 erg s−1) 1.34 1.49 1.18 0.88

HOT-1 NH (1023cm−2) 0.8+0.1
−0.1 1.3+2.6

−0.5 0.6+0.1
−0.1 1.6+6.9

−0.2

kT (keV) 0.95+0.04
−0.04 2.48+0.52

−0.35 0.94+0.02
−0.02 1.19+0.86

−0.20

σv (km s−1) 892+43
−41 634+131

−156 932+23
−23 133+31

−28

zv (km s−1) −3304+83
−83 −3805+229

−278 −3250+51
−51 −2826+88

−97

HOT-2 NH (1023cm−2) 7.6+0.2
−0.2 4.4+0.5

−2.4 16.1+0.1
−0.1 7.1+0.1

−1.4

kT (keV) 0.89+0.05
−0.04 0.59+0.02

−0.1 1.06+0.02
−0.02 0.68+0.01

−0.19

σv (km s−1) < 37 < 20 35+14
−18 < 17

zv (km s−1) −3309+84
−103 −3073+161

−191 −3334+38
−36 −3660+75

−65

XABS NH (1020cm−2) 2.68+0.4
−0.3 3.85+40

−2.56 2.79+0.1
−0.1 0.56+0.06

−0.06

Log ξ (erg cm s−1) 2.04+0.14
−0.16 3.64+1.35

−0.2 2.18+0.05
−0.05 0.41+0.08

−0.07

σv (km s−1) 49+126
−18 < 15831 53+10

−9 195+78
−58

zv (km s−1) −3013+100
−368 −1093+1294

−343 −2968+47
−44 −3127+127

−118

ISM NH (1021cm−2) 3.81+0.05
−0.05 4.15+0.05

−0.06 3.31+0.02
−0.02 2.4+0.1

−0.1

kT (eV) 1.09+0.07
−0.3 1.20+0.03

−0.05 1.01+0.04
−0.04 0.8+0.1

−0.1

N 1.12 1.12 1.12+0.13
−0.14 1.12

O 1.68 1.68 1.68+0.02
−0.02 1.68

Fe 0.81 0.81 0.81+0.13
−0.12 0.81

AMOL O2 (1017cm−2) 0.47+0.61
−0.03 1.48+0.23

−0.24 < 0.4 0.9+0.1
−0.1

H2O (1017cm−2) 5.1+1.2
−0.1 7.4+0.5

−0.5 4.65+0.3
−0.7 6.4+0.2

−0.2

CO (1017cm−2) 1.34+0.53
−0.03 0.29+0.2

−0.2 0.16+0.07
−0.06 < 0.2

χ2
ν 1.73 2.38 2.46 2.06

(d.o.f.) 1411 1435 1436 1463
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our findings.

We need to note that in the line of sight there is also dust molecules that should be

considered. Related to the dust content some absorption features seen in the spectra

are affected. Especially, the spectral regions between 22.5-23.2Å and 17.2-17.7 Å

suffer from dust and molecular effects. To be able to fit the features in these regions

we use amol model including the oxygen molecule, carbon monoxide and water ice.

The dust content we obtained is 0.1-2.5×1017 cm−2 for the O2 and 4.64-8.3×1017

cm−2 for the H2Oice. The variation seen in the light curve of first observation seems

to correlate with the amount of the dust absorption as far as O2 and H2Oice are con-

cerned. The more the dust absorption is the less the count rate in the LC. The second

observation has similar dust absorption to era2.

We derived the blueshifts seen in the absorbed lines from absorber velocities. The

values are in a range, hot1, 3097-3812 km s−1 and, hot2, 2845-3250 km s for the

first observation. The similar values are obtained with the composite model including

warm absorber, see Table-4.3. Second observation fits yield velocities, hot1, 3517-

3586 km s−1 and, hot2, 2590-2683 km s−1. When the third model is added these

ranges are slightly altered to 2730-2914 km s−1 and 3660-3735 km s−1 respectively.

These velocities are in good agreement with the nova shell expansion velocities and

the ones obtained in the previous studies, see the introduction. The additional warm

absorber velocities are initially in a range 750-3113 km s−1, then 10 days after in the

range 3009-3254 km s−1. Assuming Eddington luminosities, ionization parameter is

ξ = L/n r2 and using the equivalent hydrogen densities in Table-4.3, the location of

the warm absorber can be determined as in the expanding nova shell for all the fits.

We can also estimate the spectral parameter, turbulent velocity broadening from the

absorber components. In the case of hot1, it is in a range 740-897 km s−1 and 100-

132 km s−1 for the first and second observations. These values are 9-62 km s−1 and

52-67 km s−1 for hot2. One could get similar results for hot components by using

the additional warm absorber, as listed in Table-4.3. Here, the turbulent velocity

broadening for the xabs ranges 31-174 km s−1 and 137-273 km s−1. The turbulent

velocity broadening indicates the locations of the absorbers. The differences in the

velocities of the first and the second collisionally hot absorbers suggest the locations
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also differ. It shows that with locations of different densities, turbulent characteristics

and temperatures, the flow of the ejecta/wind is inhomogeneous.

The χ2
ν values obtained from the best fits are listed in Table-4.2. They are 1.8, 2.4,

2.9 and 2.3 from era1 to era3 and finally second observations with approximately

1400 degrees of freedom. The achieved χ2
ν values are improved compared to the

previous studies in the literature [45, 13]. We tested the possibility of having third

warm absorber and give the details of the fits in Table-4.3. The inclusion gives a

significant improvement in the era3, 2.5 which has the highest χ2
ν value and the details

can be seen in [31].

The particular change is seen in the blackbody component parameters hence inside the

emitting region. The large scale variation of the light curve of the first observation

could be the result of variation in these parameters. However, the changes in the

hydrogen column density and the temperatures of the hot components should also be

noted. The change in such parameters can be caused by rekindled irregular accretion

onto the surface of the H-burning WD and that contributes to the change in the count

rates. Previously mentioned additional blackbody component has the effective radius

that is consistent with structures on an accretion disk. It also corresponds to 10%

of the size of the WD calculated from the second observation that can be explained

with accretion hot spots in intermediate polar CVs [31]. The results suggest that the

accretion could have been established on the time of second observation; besides, the

blackbody radius and temperature supports the magnetic nature of the source [38].
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CHAPTER 5

V4743 SGR

Katsumi Haseda, Japan, reported the discovery of a possible nova with a visual mag-

nitude ∼5 mag on September 20, 2002 [49]. It was a very bright and fast nova, and

the source is assigned as V4743 Sgr [50]. The decline time t3 was within 15 days

(around 9 days) [51].

V4743 Sgr was observed by Chandra HRC-S+LETG on March 19, 2003, for 7 hours

before any observation done by XMM-Newton [52]. The main feature in the light

curve is the slow decay in count rate almost halfway through the total exposure. It

took 1.5 hours to count rate to drop near zero and remained the same for another 1.5

hours. Such a decrement could not be seen in any other observations. It is considered

to be due to an eclipse of the system, however during almost 10-hour observation

of XMM-Newton such an eclipse had not been observed. This could be either due to

another mechanism that obscures the X-ray emission or the fact that the orbital period

is higher than the exposure time of the XMM-Newton.

The photometric studies suggested that the source is FeII nova and FWHM of the Hα

emission line is 2400 km/s [53]. They also revealed two periods 6.7 hours and ∼24

min [54]. The longer period considered as the orbital period of the binary system. The

orbital variation with 6.7 hours can be observed in the XMM-Newton data. Hence, the

decrement seen in the Chandra is not due to a considerable high inclination that cause

an eclipse but rather due to another mechanism that obscures the X-ray emission.

In the X-ray analysis also a 22-minute signal is found and considered to be a rotation

period of the central WD [55]. Hence, the 24-minute signal seen in the optics can

be the beat period between the orbital period of the binary and the rotation period of
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WD. Observation of binary period and the probable WD rotation suggests the source

V4743 Sgr is an intermediate polar [56]. The interpretation of the intermediate polar

scenario is also supported by the latest X-ray observations [57]. The more complex

timing analysis revealed that there could be two close frequencies that modulate the

outburst [58, 59]. On the other hand, it is shown that such two signal characteristics

can be modeled by a single signal with constant frequency but variable modulation

amplitude[56]. There is an ongoing debate about the multifrequency nature of the os-

cillations and their origin whether it is due to the rotation of the WD or the pulsations.

The interpretation of the case of nova V4743 Sgr is a challenge.

The millimeter emission studies of V4743 Sgr gave an estimation for the distance to

the source, (1200±300) pc. However, the distance estimations are not viable since the

extinction along the line of sight depends on the choice of the assumptions. Despite

these inadequacies, one can calculate the maximum distance to the source with given

distance modulus and it is estimated as 6 kpc [51].

The interstellar matter absorption should be considered in the spectral analyses as

discussed in Chapter 4. The Interstellar column density in our observation direction

is given by NASA’s heasarc N(H) ftool1 as 1.05x1021cm−2. It is also estimated in

several earlier X-ray analysis in a range 1.36-1.41×1021cm−2 [57].

5.1 Observations and the data

A classical nova V4743 Sgr was observed by XMM-Newton RGS in April 2003,

for an exposure of 35 ks. We use this observation and obtain high-resolution X-ray

spectra of the source. As discussed in the Chapter-2, this observation affected by the

pile-up causing the EPIC or PN data to be unusable. Hence, the analysis focused on

RGS data that is processed with SAS rgsproc routine.

RGS1 and RGS2 first and second order source and background count spectra are ex-

tracted. Then, RGS1 and RGS2 only first order flux spectra obtained and combined

for the further analysis. Here, the flux spectra are obtained between 5-40 Å with 3600

bins. The resultant spectra are binned by a factor of two. We utilize SRON soft-

1 http://heasarc.gsfc.nasa.gov/ftools
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ware SPEX 3.03.00 that consists of absorption models mimicking a hot collisionally

ionized plasma and a warm photoionized plasma to see if we can able to compose a

well-fitted model.

5.2 Analysis and Results

The RGS spectra of V4743 Sgr show complex absorption features and a blueshift in

the spectra that could not be well explained by the stellar atmospheric models [60, 2,

3, 57]. The main motivation for the analysis was to look for hot and warm plasma

absorbers originating either from wind or ejecta that affect the resulting spectra as in

the case of V2491 Cyg.

The light curve of V4743 Sgr obtained from RGS1 first order data is shown in Figure-

5.1 on the left panel. The data is averaged with 100s for clarity. The count rate is very

high and it varies between 40 - 63 counts s−1 during the observation. Apart from the

large variation, a smaller oscillation can be clearly seen. This modulation is around

∼1300s and can vary the count rate in some places almost as large as 10 counts.

The spectrum has similarities with the super soft sources SSS and the continuum

emission ranges between 18-38 Å. The smaller wavelengths are inadequate for the

analysis. The signal for these wavelengths is dominated by the background. The

spectra peaked around 31 Å and the dominant absorption lines are NVI around 24.9

and 28.8 Å, NVII 24.8 and 20.9 Å and OVII around 21.60. There is also sulfur SXIV

line at 32.5 and carbon line CV at 33.5 Å.

The best fitted composite model has a similar structure the ones used in V2491 Cyg

analysis. Only, here there is one continuum model, blackbody that is overlapped by

the absorber components. Amol is used for the dust absorption, interstellar absorption

is modeled by hot with low temperature and there is one hot for collisionally ionized

hot absorber component and two warm photoionized absorbers. The resultant com-

posite model is [amol x ISM x hot x xabs2 x xabs1 x bb]. The spectral analysis of the

full exposure indicates that the models are inadequate. Therefore, we investigate the

light curve of V4743 Sgr, showing periodic variability during the observation in addi-

tion to variability in the long term as discussed in [56]. The variability can be seen in
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Figure 5.1: The left panel shows light curve (LC) of V4743 Sgr XMM-Newton RGS1

data averaged with 100s for clarity. The spectra used in the analysis are obtained

from the indicated regions that are shown in the right panel. The first region on the

left shown in blue is considered as the time interval where the periodic variability

is clearly visible. We obtained consecutive six spectra from this region where the

crests are labeled as p1, p2, p3 and troughs as b1, b2, b3 respectively. The second

region from the left in red is considered as low region where the variability is not well

defined as in first region. We divided the region into three time intervals, two troughs

and one peak, and obtained three spectra bl1, pl, bl2 . The second one from the right

in green is labeled as valley. Here, the periodicity subdues and the prominence of the

peaks disappears. The last region in yellow considered as high region and two spectra

are obtained called as high-peak (hp) and high-bottom (hb) respectively.

the left panel of Figure-5.1. We consider that the variability in the light curve may be

caused by different physical environments hence resulted in different characteristics

in the spectra. As a result, we work on several time-resolved spectra that are taken

from the regions shown in the right panel of Figure-5.1. There are four main regions

where the count rate and the periodicity differs and the details are given in the caption

of Figure-5.1.

The aim is to divide the observations to smaller ordered time intervals to obtain spec-

tra is that we would like to investigate the origins of the modulation and the reasons

behind the inadequacies of the full spectral fitting. If there is pulsation of WD due

to the instability of the surrounding environment, there should be differences in the
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spectral parameters or even in the composite model in some cases. For this purpose,

we obtained twelve flux spectra processed with SAS rgsproc and combined as previ-

ously discussed.

All twelve spectra are fitted with the composite model separately and simultaneously.

The model fits of RGS1 flux spectra of V4743 Sgr are given in Figure-5.2, 5.3, 5.4,

5.5. Spectral parameters obtained from a best fitted composite model of V4743 Sgr

RGS spectra are given in Table-5.2 and Table-5.3. In the V4743 Sgr analysis, we

consider the abundances may also be affected by the modulation hence the parameters

are kept free and the corresponding results can be seen in Table-5.1. Hydrogen is

taken as the reference element in all abundance calculations and the units are given in

solar units. The confidence level is 90% for a single parameter in the error calculation.

The degrees of freedom are taken around 950.

5.3 Discussion

The normalizations for the blackbody in the first region where we obtained six spectra

are in the range 0.99-1.92×1020 cm, while in the high-region it is 3.09-4.62 ×1020

cm. These give an effective radius of R=28-39×108 cm and R=49-60×108 cm. The

effective temperatures are in a range of 40-46 eV. Low-region spectra show similar

results with an exception of peak spectra that resembles the valley spectra. The nor-

malization lower bound drops to 0.51×1020 cm that gives R=20×108 cm with an

effective temperature 48-45 eV.

The first resulting warm absorption model has various hydrogen column density

NH values among the spectra. It ranges from NH1' 0.45-27.88×1021 cm−2 in the

first region spectra to 83.3-67.3×1021 cm−2 in another. Ionization parameter is Log

(ξ1)'3.4-4.4 erg cm s−1 and it tends to increase after the first region. The rms ve-

locities are in the range 2218-3370 km s−1 and blueshifts are in 2727-3486 km s−1.

Second warm absorber shows more consistent results and has NH2'0.12-0.42×1020

cm−2 with ionization parameter Log (ξ2)'1.3-2.3 erg cm s−1. The rms velocities are

in the range 166-53 km s−1 and blueshifts are in 2190-2669 km s−1.

The hot component has NH'1.0-73.8×1021 cm−2 and temperature deviating between
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Table 5.1: Best fit elemental abundances of the V4743 Sgr given in solar units. The

below spectra are given in ascending time order.

Abundances b1 p1 b2 p2 b3 p3

C 0.4+0.3
−0.2 0.2+0.1

−0.1 0.5+0.2
−0.2 0.2+0.1

−0.1 0.3+0.2
−0.1 0.1+0.1

−0.07

N 67.1+3.9
−3.3 54.9+3.6

−3.4 50.6+2.9
−2.2 85.1+4.2

−3.7 68.2+3.0
−3.0 81.2+3.7

−3.6

O 1.4+0.7
−0.5 1.6+0.6

−0.5 1.6+0.5
−0.4 1.7+0.6

−0.5 2.0+0.6
−0.5 2.8+0.8

−0.6

Ne 0.01+3
− 0.01+3

− 0.01+3
− 0.8+2.1

−0.7 0.01+3
− 0.1+2.9

−0.09

Mg 0.01+3
− 0.01+2.6

− 0.01+3
− 0.01+1.8

− 0.01+2.1
− 0.01+1.4

−

Si 0.01+1
− 0.01+0.1

− 0.01+0.4
− 0.01+0.17

− 0.01+0.09
− 0.01+0.09

−

S 0.01+0.05
− 0.01+0.01

− 0.01+0.1
− 0.01+0.03

− 0.02+0.26
−0.15 0.01+0.03

−

Ar 3+−1.2 0.01+0.04
− 1.2+1.2

−1.1 0.01+0.13
− 0.01+0.03

− 0.01+0.06
−

Fe 0.25+0.79
−0.24 0.01+0.03

− 0.01+0.03
− 0.01+0.03

− 0.01+0.05
− 0.01+0.02

−

Abundances bl1 pl bl2 valley hp hb

C 0.6+0.2
−0.1 0.8+0.9

−0.6 0.7+0.2
−0.1 0.5+0.1

−0.1 0.13+0.05
−0.04 0.12+0.04

−0.04

N 70.3+2
−2 60.0+3.7

−8.3 61.3+2.3
−2.1 124.8+2.2

−2.1 46.4+2.5
−1.6 74.1+3.1

−2.7

O 3.3+0.1
−0.5 9.0+4.7

−2.3 37.9+7.2
−6.4 45.8+5.5

−4.4 1.6+0.4
−0.3 7.6+1.0

−1.7

Ne 2.3+0.7
−2.2 3+−3 0.8+2.2

−0.7 3+− 0.6+2.4
−0.5 0.01+3

−

Mg 3+−0.8 2.1+0.9
−0.8 3+−1.2 3+−0.5 2.0+1.0

−1.9 0.01+3
−

Si 0.9+0.6
−0.4 0.9+2.1

−0.3 1.4+0.7
−0.5 0.38+0.18

−0.12 0.01+0.06
− 0.01+0.04

−

S 2.7+0.3
−0.6 3+−1.9 3+−0.4 2.53+0.46

−0.6 0.02+0.02
−0.01 0.01+0.02

−

Ar 0.2+0.2
−0.1 1+0.1

−0.9 0.4+0.1
−0.1 0.26+0.1

−0.07 0.01+0.18
− 0.01+0.33

−

Fe 3+−0.5 1+2
−0.1 2.7+0.3

−0.3 0.85+0.21
−0.17 0.08+0.6

−0.07 0.01+0.97
−
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Figure 5.2: RGS1 flux spectra of V4743 Sgr fitted with the composite model. From

top to bottom panel, plots show b1, b2 and b3 spectra respectively as indicated in the

LC. The red line shows the best fitted composite model.
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Figure 5.3: RGS1 flux spectra of V4743 Sgr fitted with the composite model. From

top to bottom panel, plots show p1, p2 and p3 spectra respectively as indicated in the

LC.
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Figure 5.4: RGS1 flux spectra of V4743 Sgr low region fitted with the composite

model. Top panels show the plots bl1 on top, pl in the middle and bl2 spectra at the

bottom.
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Figure 5.5: RGS1 flux spectra of V4743 Sgr valley and high region fitted with the

composite model. The top panel shows the valley while the high-peak is in the middle

and high-bottom is at the bottom.
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271-814 eV except for the high region where the NH becomes '594.2-794.1×1021

cm−2 while effective temperature goes to 879-1390 eV. However, the rms velocities

'40 km s−1 and blueshifts 974-2190 km s−1 are consistent among the spectra.

V4743 Sgr shows a typical signature of H-burning with under-abundant carbon C=0.2-

0.9, and enhanced nitrogen N=48-71 and oxygen O=1.2-14 (all ratios to solar abun-

dances). However, The nitrogen abundance in the valley goes up to 125 and oxygen

to 46. The abundances of the other elements are kept between 0.01 to 3 and the results

can be seen in Table 5.2. Total molecular density of the O2 drops from 3.8-5.7×1017

cm−2 (in the first region) to 2.8-4.5×1017 cm−2 (low and high regions).

The χ2 values differ from region to region and ranges between 2.1-7.5. The composite

model consists of two warm absorbers with different temperatures, column densities

and corresponding rms velocities, and one hot absorber. It indicates that there are

three different absorption regions. When we investigate the spectra throughout the

observation one of the warm absorbers xabs2 stays consistent. In the other, the pa-

rameters NH and Log (ξ) seem to change from the first region to others. Similarly,

a change in the hot model hydrogen column density and in the effective temperature

can be seen in the high region. The long term variability can be explained with these

instabilities in the absorbers. Periodic variability has yet to be concluded.
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Table 5.2: Spectral parameters obtained from best fitted composite model of V4743

Sgr RGS spectra from the blue region. The errors are calculated with 90% confidence

level for one degree of freedom. The below spectra are given in ascending time order.

Model Parameter b1 p1 b2 p2 b3 p3

bb Norm (1020 cm2) 1.05+2.7
−0.2 1.09+1.02

−0.01 1.19+2.6
−0.02 1.21+1.17

−0.22 1.12+1.19
−0.05 1.10+0.82

−0.06

kT (eV) 44+1
−4 45+0.1

−2 44+0.1
−3 45+1

−2 44+1
−2 45+0.1

−1.8

L (1038 erg s−1) 1.3 1.6 1.4 1.9 1.4 1.6

xabs1 NH (1021 cm−2) 0.73+27.15
−0.28 1.31+7.16

−0.50 0.70+9.91
−0.10 0.62+16.57

−0.10 0.79+5.12
−0.25 0.82+4.37

−0.33

Log(ξ) (erg cm s−1) 3.5+0.5
−0.1 3.5+0.3

−0.1 3.5+0.5
−0.1 3.5+0.5

−0.1 3.5+0.3
−0.1 3.6+0.3

−0.1

σv (km s−1) 3090+196
−179 3190+180

−163 3070+258
−206 2965+182

−166 3071+152
−143 3043+154

−145

zv (km s−1) −3116+197
−207 −2965+182

−187 −3050+243
−251 −2864+193

−191 −3030+162
−168 −2829+163

−166

xabs2 NH (1021 cm−2) 0.33+0.08
−0.05 0.23+0.08

−0.06 0.23+0.08
−0.19 0.24+0.09

−0.06 0.22+0.08
−0.05 0.20+0.08

−0.05

Log(ξ) (erg cm s−1) 1.8+0.2
−0.1 1.8+0.2

−0.2 1.8+0.3
−0.2 1.8+0.2

−0.2 1.8+0.2
−0.2 1.7+0.2

−0.2

σv (km s−1) 104+17
−16 147+19

−34 89+19
−16 88+18

−15 74+13
−12 89+13

−13

zv (km s−1) −2593+76
−85 −2398+58

−122 −2415+84
−97 −2442+82

−101 −2419+62
−83 −2470+67

−85

hot NH (1021cm−2) 10.9+12.0
−9.9 71.3+12.5

−13.2 24.9+10.3
−21.1 31.4+9.8

−8.8 32.0+9.9
−8.7 55.3+9.9

−10.4

kT (eV) 596+296
−258 410+24

−24 653+161
−358 382+25

−28 367+23
−27 401+19

−21

σv (km s−1) < 63 < 46 < 41 < 36 < 33 < 34

zv (km s−1) −1523+171
−335 −2187+115

−98 −1643+119
−116 −1570+100

−91 −1557+86
−62 −1483+95

−89

hot-ism NH (1021cm−2) 1.42+0.54
−0.01 1.49+0.20

−0.01 1.43+0.28
−0.01 1.54+0.17

−0.09 1.45+0.16
−0.02 1.51+0.14

−0.01

kT (eV) 0.83+0.58
−0.33 0.86+0.42

−0.36 0.83+0.47
−0.33 1.17+0.12

−0.67 0.95+0.25
−0.45 0.85+−

amol O2 (1017cm−2) 4.3+0.4
−0.5 5.1+0.6

−0.5 5.1+1.1
−0.4 4.8+0.4

−0.5 5.2+0.4
−0.4 4.5+0.4

−0.4

χ2
ν 2.1 2.1 2.3 2.3 2.3 2.4

(d.o.f.) 942 960 947 948 973 974
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Table 5.3: Spectral parameters obtained from best fitted composite model of V4743

Sgr RGS spectra from the red, green and yellow region. The errors are calculated

with 90% confidence level for one degree of freedom. The below spectra are given in

ascending time order.

Model Parameter bl1 pl bl2 valley hp hb

bb Norm (1020 cm2) 1.27+0.38
−0.07 0.54+0.56

−0.03 1.09+0.22
−0.07 0.59+0.26

−0.01 3.59+1.03
−0.50 3.47+0.06

−0.02

kT (eV) 44+0.1
−1 48+0.2

−2.6 45+0.3
−1 48+0.1

−1 43+0.2
−1 44+0.1

−0.2

L (1038 erg s−1) 1.6 1.1 1.5 1.2 3.9 4.1

xabs1 NH (1021 cm−2) 3.33+3.7
−0.4 17.3+8.1

−3.6 74.1+9.2
−6.8 27.0+3.9

−2.5 1.33+13
−0.27 5.5+4.6

−0.4

Log(ξ) (erg cm s−1) 3.8+0.1
−0.1 4.0+0.1

−0.1 4.3+0.1
−0.1 4.2+0.1

−0.1 3.6+0.3
−0.1 3.9+0.1

−0.1

σv (km s−1) 2754+172
−124 2773+132

−125 2307+94
−89 2865+67

−66 2877+467
−379 2880+149

−151

zv (km s−1) −3170+192
−152 −3065+147

−150 −3372+114
−126 −3198+78

−80 −2907+439
−539 −2920+170

−169

xabs2 NH (1021 cm−2) 0.25+0.08
−0.06 0.48+0.08

−0.06 0.27+0.08
−0.07 0.19+0.07

−0.09 0.37+0.56
−0.09 0.25+0.07

−0.06

Log(ξ) (erg cm s−1) 1.4+0.1
−0.1 1.7+0.1

−0.1 1.4+0.1
−0.1 1.7+0.1

−0.1 1.7+0.6
−0.4 1.8+0.2

−0.1

σv (km s−1) 105+13
−14 93+9

−9 109+9
−9 100+5

−5 88+34
−30 76+10

−11

zv (km s−1) −2280+55
−57 −2251+43

−52 −2227+27
−37 −2353+24

−39 −2455+161
−170 −2503+57

−70

hot NH (1021cm−2) 21.8+3.8
−3.0 60.5+8.9

−8.7 21.79+3.2
−2.6 40.5+3.1

−3.2 603.2+8.8
−9.0 788.4+5.7

−5.9

kT (eV) 291+15
−12 381+17

−19 281+11
−10 361+9

−8 980+128
−101 1285+105

−93

σv (km s−1) 37+4
−4 40+6

−6 54+5
−5 20+4

−4 < 38 < 28

zv (km s−1) −1108+30
−40 −1075+29

−26 −1000+17
−26 −1168+16

−13 1424+57
−55 1559+51

−45

hot-ism NH (1021cm−2) 1.53+0.07
−0.01 1.36+0.19

−0.01 1.49+0.05
−0.01 1.38+0.08

−0.01 1.64+0.08
−0.02 1.63+0.02

−0.01

kT (eV) 0.76+0.22
−0.26 0.5+0.75

− 0.79+0.17
−0.29 0.83+0.19

−0.33 0.5+0.5
− 0.83+0.10

−0.18

amol O2 (1017cm−2) 3.2+0.3
−0.3 4.1+0.4

−0.4 3.1+0.3
−0.3 3.5+0.2

−0.2 3.1+0.32
−0.30 3.0+0.2

−0.2

χ2
ν 3.4 2.7 3.9 7.5 3.2 4.8

(d.o.f.) 958 956 964 966 950 965
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CHAPTER 6

KT ERIDANI

KT Eridani was discovered by Itagaki K. with a visual magnitude 8.1 mag on Novem-

ber 25, 2009, after its maximum-light [61]. The study on the earlier observations

revealed that it was in outburst on November 14, 2009, with a visual magnitude 5.4

mag. Hence, November 14 was taken as the t=0 day [62, 63, 64]. Similar to our pre-

vious classical novae discussed in Chapter 4 and Chapter 5, the corresponding nova is

fast with t2=6.6 and t3=13.6 days [65]. The optical spectroscopy of KT Eri revealed

broad Balmer series with some other significant emission lines (e.g.; HeI, NIII), and

the FWHM of Hα emission was ∼3400 km s [66]. The nova is classified as He/N

nova [66, 67].

Jurdana-Šepić et al.[68] identified the progenitor of the KT Eri by studying the histori-

cal light curves. The progenitor has been considered to be a hot star with circumstellar

material. The magnitude of the progenitor system was measured as <B>=14.2±0.4

in its quiescent phase, and two periods were measured as 737 and 376 days. 737 days

variability is considered to be the orbital period of the binary system. The long period-

icity implies that the system has a high inclination angle (l = 207.986, b = −32.02),

and the companion is an evolved star [68, 69]. The mass of the white dwarf is esti-

mated between 1.1 M�<MWD<1.3 M� [68, 70]. The nova is considered as a recurrent

nova candidate, but no outburst was observed previously [68, 71, 72].

There are several observations of KT Eri in X-ray from Swift to Chandra [63, 73, 74].

The rise in X-ray emission can be seen in the Swift observations. The hard X-ray

emission started around 39.9 days after t0. It softened around day 60 (BB kT ∼33

eV). The count rate was highly variable until X-ray emission reaches its maximum.

Then, the variability became smaller, but the count rate resided above 100 counts s−1
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Table 6.1: Chandra HRC-S+LETG observations of KT Eridani

Target Instrument Date ObsID Daya Exp. timeb C.R.c

(UT) ks cts s−1

KT Eri HRC-S+LETG 2010-01-23 12097 71.3 14.95 13.1

2010-01-31 12100 79.3 2.75 72.5

2010-02-06 12101 84.6 3.52 50

2010-04-21 12203 158.8 3.21 96.5

Notes: a After the optical-maximum, t0; b Dead time corrected exposure time; c Mean count rate per second.

[63, 75]. Meanwhile, Chandra observed KT Eri firstly 71.3 days after the optical-

maximum with an average count rate around 13 counts s−1 [73, 76]. Three other

observations were held on 79.3, 84.6 and 158.8 days after the initial outburst [76].

The X-ray spectrum of KT Eri corresponds to a bright super soft source (SSS) and

resembles V4743 Sgr with its deep absorption features. In the timing analysis of the

Swift data, 35 s periodicity is detected [74], and Chandra confirmed the periodicity

[76]. The similar short-term oscillation is also found in the RS Oph during its SSS

phase [77]. The modulation is considered to be caused by the white dwarf pulsation

rather than the rotation [74].

The reddening was estimated as E(B-V)∼0.08 from the equivalent width of the NaI

D1 line of the interstellar medium [78]. The initial distance estimations yield 6.5

kpc [78]. However, recent distance studies by GAIA indicate that actual value might

be smaller, ∼3.7 kpc [43]. The column density for the interstellar matter is given

as NH=6.13x1020 cm−2 by NASA’s heasarc N(H) ftool and NH=5.25x1020 cm−2 by

nhtot. Ness et. al X-ray studies of KT Eri indicate twice as a higher value [73].

6.1 Observations and data

The information on KT Eri observations by Chandra HRS-C+LETG is given in Table-

6.1. The on times were rather short, 15.2 ks for the first and 5.1 ks for the other

observations. It is reported that the count rates for day 79.3 and 158.8 were high,

saturating telemetry. All events could not be telemetered. As a result, the dead time
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corrected exposures are even shorter.

The high-resolution spectra are extracted from Chandra HRC-S+LETG by using

its X-ray analysis software CIAO (version 4.11) and its main analysis tasks, e.g.

chandra-repro. The calibration package CALDB 4.8.2 is used. The first order an-

cillary response files (arf) and grating redistribution matrix files (rmf) are obtained.

HRC-S does not differentiate higher spectral orders, only gives positive and negative

order spectra. We combined the +1 and -1 order spectra by using combine-grating-

spectra. The data are binned to match the instrumental resolution, 0.05 Å.

6.2 Analysis and Results

The background subtracted light curves are extracted from the event files by using

dmxtract. The data for all the observations are binned by 50 s for visual purposes,

Figure-6.1. The count rate highly varies during all the observations in short time

scale, even in between the subsequent observations. The mean count rate on day 71.3

is 13.1 counts s−1 and it varies between 5-25 counts s−1. On day 79.3, the mean count

rate rises to 72.5 counts s−1, and on day 84.3, it drops to 50 counts s−1. In these three

light curves, there are no indication for a periodic variability. In the timing analysis

done by Ness et al., the periodic variability is not detected except for the day 158.8

[76]. There is 35 s variability in the last observation. The mean count rate is also the

highest with the value around 96.5 counts s−1.

The spectra are that of a bright SSS. The continuum emission is produced by the WD

atmosphere, and in all four spectra it is in the wavelength range between 19Å and

60Å with varying fluxes. The spectral evolution is given in Figure-6.2. The change in

the line profiles and the continuum is clear. On the days 71.3 and 84.6, the emission

starts around 22Å, and the flux is relatively lower than the other observations. The

fluxes are 0.87×10−9 erg s−1 cm−2, 5.5×10−9 erg s−1 cm−2, 3.6×10−9 erg s−1 cm−2

and 7.7×10−9 erg s−1 cm−2 from the first to last observation respectively.

Especially, the observed spectra revealed a strong emission line between 28.5-29.2Å

in two observations 12097 and 12101. It is considered as redshifted NVI emission

line by a factor of 1500 km/s for the observation on day 71.3[73]. The NVI emission
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Figure 6.1: The background subtracted light curves of KT Eri on days 71.3, 79.3,

84.6 and 158.8. The data are measured with HRC-S camera as zero-order and are

binned with 50 s in all observations. The x-axis shows the on time of the detector.

line is seen in all observations but it is weaker on days 79.3 and 158.8. On days 79.3

and 158.8 while the emission line around 29Å subsides an other emission line around

25Å increases by a substantial amount. There are several other emission lines. Most

of the observed emission lines are in the wavelength band ∼25-30Å. The origin of

these emission lines are unknown but they considered to be transient in nature [79].

Our fit yields two gaussian lines for the emission profile for this observation; one is at

28.8Å and the other is at 29.02 Å with a full width half maximum (FWHM) is around

0.15 and 0.25, broader than the instrumental line broadening function, respectively.

The origin and characteristic of this emission is unknown as mentioned previously
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Figure 6.2: KT Eri Chandra HRC-S+LETG spectra of 71.3, 79.3, 84.6 and 158.8 days

after the outburst from top to bottom respectively. All panels show the flux spectrum

between 19Å and 60Å in the units of counts s−1 m−2 Å−1. The flux in day 71.3 is

lower than the other three observations, hence the flux range is different than the rest.
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and some of the characteristics are given in [73]. The emission line of the second

observation, 84.6 days after the outburst, can be modelled by one gauss line profile at

29.08 Å again with a broader line profile than the instrumental broadening.

Deep absorption lines are also present in the spectra. Nitrogen lines around 25Å, 29Å

and carbon line around 34Å can be clearly seen in Figure-6.2. The broadening and the

strength of the absorption lines varies along the observations. On days 79.3 and 158.8

the deep broad absorption profile around 28.2Å is less observable. The absorption line

like N around 25Å kept its depth, it is probably originated in the photosphere of the

WD. The estimated blueshift for the lines are -2500 km s−1 on day 71.3 [73].

Additionally, several absorption lines are seen at their rest wavelength in the subse-

quent observations of KT Eridani. The similar lines are present in most of the X-ray

spectra of novae, such as our previous sources V2491 Cyg and V4743 Sgr. The fea-

tures, that are seen in the Chandra spectra, are due to OI (23.508 Å ), NI (31.28

Å ) and CII - CIII around 42-43 Å . It is indicated that, whenever there is a bright

X-ray source acting as a backlight these lines are observed and not typical of novae.

Hence, these absorption lines are considered to be produced in the interstellar medium

(ISM).The O K-edge presented in the 22.8 Å is also observed in all spectra.

The spectrum on day 84.6 resembles the spectrum of nova SMC 2016 39 days after

its outburst and almost matches the spectrum of V4743 Sgr on day 180 [80, 79]. The

later observations of SMC 2016 again almost have the similar spectral shapes with

the spectra of days 79.3 and 158.8, which gives us some clues about the observed

lines and their blueshifts.

We constructed the composite model by using one warm plasma absorber xabs and

one hot absorber upon bb continuum. One cold plasma component hot with low tem-

perature and one dust component amol are added to the composite model to include

ISM effects. In summary, the best results are obtained with [Amol x ISM x hot x

xabs x bb]. We tried several other combination of the models, but fits did not yield

any conclusive results. In most of the cases, the oxygen abundances yielded very

high values. We could not able to model any emission profile, the available models

are limited. As we discussed previously, we are also missing some photospheric ab-

sorption profiles but we could able to see the affects of the absorbers on the observed
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Table 6.2: Chandra HRC-S+LETG KT Eri best model fit parameters.The errors are

calculated with %90 confidence level for one degree of freedom.

Model Parameters 12097 12100 12101 12203

BB Norm (1020cm2) 0.34+0.01
−0.01 0.42+17.4

−0.01 0.14+0.04
−0.03 0.19+0.26

−0.01

kT (eV) 60.2+0.3
−0.3 80.4+0.6

−16.2 81.2+2.1
−0.9 78.6+1

−8

L(1038 erg s−1) 2.4 12.9 4.6 5.4

XABS NH (1024cm−2) 0.21+0.03
−0.02 1.40+4.5

−1.36 0.16+0.01
−0.01 0.65+0.02

−0.61

Log ξ (erg cm s−1) 3.03+0.01
−0.02 3.14+0.01

−0.01 2.8+0.01
−0.01 3.04+0.01

−0.01

σv (km s−1) 1402+82
−29 703+14

−16 1089+21
−21 387+9

−9

zv (km s−1) −2285+144
−109 −2372+30

−531 −1814+39
−49 −1383+21

−21

HOT NH (1024cm−2) 2.43+0.02
−0.02 2.14+2.6

−2.1 2.33+0.19
−0.43 1.74+0.03

−1.03

kT (keV) 0.23+0.01
−0.01 0.29+0.05

−0.06 0.25+0.01
−0.01 0.43+0.03

−0.01

σv (km s−1) 32+6
−7 < 10 < 10 < 10

zv (km s−1) −863+11
−29 −677+1

−1 −778+7
−5 −793+11

−11

ISM NH (1020cm−2) 2+4.5
−1.3 5.2+3.7

−1.8 2.0+0.1
−0.1 6.8+2.1

−0.1

AMOL O2 (1017cm−2) 37.2+1.6
−6.2 3.4+0.1

−0.1 21.6+0.5
−0.8 0.8+0.1

−0.1

χ2
ν 32.1 16.8 13.6 11.9

(d.o.f.) (732) (791) (807) (796)

spectra. The spectra and the best fit model are given in Figure-6.3 and Figure-6.4.

We first tried to fit the first and the last observation in which the count rates are the

lowest and the highest respectively. We coupled the abundances of the warm and hot

absorbers, and we kept them fixed during all observations. We assumed the elemental

abundances should be the same within 15 days and on day 158.6 since the spectral

shape did not change dramatically. We also searched for the elemental abundances of

C, N and O in the cold gas and kept them fixed for all other observations. The best fit

model parameters are given in Table-6.2, and the elemental abundances in Table-6.3.
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Figure 6.3: The HRC-S+LETG flux spectra of KT Eri on 71.3 and 79.3 days. The

best fit model is indicated with the red line.
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Figure 6.4: The HRC-S+LETG flux spectra of KT Eri on 84.6 and 158.8 days. The

best fit model is indicated with the red line.
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Table 6.3: Elemental abundances obtained with a composite model includes one hot

and one warm absorber. The values are given relative to the solar abundances that are

explained in the text.

Abundances KT Eri

C 0.01+0.001
−0.006

N 0.8+0.1
−0.1

O 29.8+227
−1.2

Mg 0.02+0.01
−0.01

S 0.04+0.01
−0.01

6.3 Discussion

We expected that the change in the observed spectrum will manifest itself in the dif-

ferences in the spectral parameters either in the absorber component or in the stellar

emission. The normalisation factor for the blackbody ranges from 0.14×1020 cm2

to 0.42×1020 cm2. The corresponding WD radius can be estimated to be between

1.1×109 cm and 1.8×109 cm. The calculated white dwarf radii are high when one

considers the bloated WD radius to be around 1×109 cm. The one probable cause for

this can be the fact that we could not able to model the emission profile. It may be

originated in a plasma far away from the stellar emission and may affect the overall

spectrum. Other probable cause is that we are using a simple blackbody model that

overestimates the radius and luminosities.

The effective temperature of the blackbody is 59.9-60.5 eV on day 71.3 which is

higher than the earlier estimated value ∼37.9 eV for the same observation [73]. The

blackbody temperatures are estimated as 64.2-81 eV on day 79.3, 80.3-83.3 eV on day

84.6 and 70.6-79.6 eV on day 158.8. The increase in the temperature and a possible

shrinking of the WD atmosphere surface may explain the increase in fluxes relative

to the first observation. In the case of observation 12100, we obtained the highest

normalisation value probably due to compensate a higher absorption within the warm

plasma. They are highly coupled. Orio et al. estimated the effective temperature to

be around 60 eV in their primitive analysis of KT Eri on day 84.6[80]. The value is
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lower than the one in our calculations on the same day, but close to the temperature

of the first observation.

The emission lines can either be originated in the collisionally ionized plasma or

photoionized plasma. We tried to model the emission profiles with the collisionally

ionized plasma model, however it did not give any reasonable results. The inconclu-

sive results are either due to the incapability of the complex model we used or the

difference in the origin of the emissions. The emissions can be originated from the

photoionized plasma rather than the collisionally ionized plasma as discussed in the

case of Nova SMC 2016 [80].

We experimented with an interstellar matter absorption model ismabs [81]. The au-

thors who created the model worked with all Chandra HRC-S+LETG spectra of KT

Eri to improve their models. In the mean time, they provided well fitted ISM CII-CIII

lines around 42-43 Å. The model is constructed for the XSPEC analysis package but

it can be included as a user defined model in the SPEX version 3.03.0. We considered

that the use of this ISM model can improve our model fits. We could successfully im-

plemented the model, but the complexity of our composite model makes it impossible

to work with ismabs. We could not get any conclusive results.

The best fit model yielded two plasma component, one photoionized warm absorber

and one collisionally ionized hot absorber. The column densities for the warm ab-

sorber are estimated in the range 0.16-1.40×1024 cm−2. The ionization parameter

Logξ changes between 2.7 to 3.15. The absorber velocities are calculated as ∼-2300

km s−1, ∼-2400 km s−1, ∼-1800 km s−1 and ∼-1400 km s−1 from first to last obser-

vation. The absorbers are slowing down in time. The velocity of the warm absorber in

the first observation is in good agreement with the earlier blueshift estimations of the

absorber lines [73]. When we consider the resembles of the spectrum of KT Eri on

day 84.6 and Nova SMC 2016 on day 39, -1800 km s−1 velocity of the photoionized

absorber is also in good agreement [80]. We can conclude that the blueshifts in the

absorber lines are correlated with the velocity of the warm plasma within the binary

system.

The collisionally hot plasma column density is (2.43±0.02)×1024 cm−2 in first obser-

vation. It drops to 2.14+2.6
−2.1×1024 cm−2on day 79.3 and increases to 2.33+0.19

−0.43×1024
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cm−2 on day 84.6. Finally, the column density becomes 1.74+0.03
−1.03×1024 cm−2 in the

last observation. The plasma temperature is in the range 230-430 eV, and velocities

are between 676km s−1 and 874 km s−1.

We used cold gas+dust model assumption for the ISM similarly to our previous

works. The hydrogen column density of the ISM fluctuates between 2×1020 cm−2

to 6.8×1020 cm−2 along the observations. We also tried to obtained the elemental

abundances of N, O and C as the corresponding lines are seen in the spectra. The ele-

mental abundance of nitrogen is close to the solar abundance while we found carbon

C/C�=1.32-1.41 and oxygen O/O�=2.22-2.41 overabundant. The real difference lies

in the column density of O2 of the dust component where we model the O K-edge.

On the day 71.3 and 84.6 the column density of O2 are 36-38.8×1017 cm−2 and 20.8-

22.1×1017 cm−2. On the higher count rate observations on day 79.3 and 158.8 the

column density drops to 3.3-3.5×1017 cm−2 and 0.7-0.9×1017 cm−2

We determined that the heavier elements like Si, Ar, Ca and Fe are underabundant

in general ∼0.01. The magnesium and sulfur is also underabundant Mg/Mg�=0.01-

0.03, S/S�=0.03-0.05. The carbon abundance is estimated as C/C� ≈0.01. The

nitrogen abundance from the best fit resulted as N/N�=0.6-0.9. We found oxygen to

be O/O�=28.6-256.8. We mentioned that the abundances were obtained from the best

fit model of one of the observations (12203) and were kept fixed in all other spectral

analysis. Actually, the abundances slightly change within the observations. In some

cases during the search for the parameter extensions, the oxygen abundance increase

substantially. The high upper limit for the oxygen abundance may be caused by the

absence of the photospheric absorptions.

The ξ2ν values obtained from the best fits are rather high, Table-6.2. Especially in the

first region where the emission profiles are comparably more dominant. The change

in the stellar remnant source hence the blackbody model parameters could be the re-

sult of variation in the count rates between the observations. However, the particular

change is seen in the absorber components. The column densities and the tempera-

tures fluctuates between the observations. These could be correlated with the relative

strength of the emission profiles but it is hard to make any conclusions without ex-

plicit emission models. We considered that the origin of the warm plasma could be
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wind/ejecta. It is striking to see the other particular change that is in the velocity of

the warm plasma, it is decreasing in time.
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CHAPTER 7

V407 LUPI

A classical nova in Lupus is observed during the ongoing All Sky Automated Survey

for SuperNovae (ASAS-SN), Chile, on September 24, 2016. The nova V407 Lupi

(ASASSN-16kt) was very bright and close to the galactic plane with a probable main

sequence secondary. The visual magnitude was around 9.1 mag, and there had not

been any previously observed outbursts in its location [82]. V407 Lupi is one of the

fastest nova known with t262.9 days, such that it is an indication for the high mass

WD, MWD=1.1-1.3 M� [83].

Swift observations are held two days after the visual maximum, but the optical bright-

ness was very high for the UV/Optical Telescope (UVOT), and there was not any

X-ray source detection [84, 83]. The closeness of the sun to the field of view to the

source prevented any further observation on October 14, 2016. Hence, X-ray observa-

tions started on February 21, 2017, 150 days after, during the super soft source phase.

The count rate was around 56 counts s−1 on day 150, peaked on February 22, 2017,

with 61 counts s−1 and varied until day 270, the start of the slow decaying phase, but

remained above 20 counts s−1 [84].

One XMM-Newton and one Chandra observations are held 168 days and 275 days

after visual maximum, respectively [85, 86]. Two periodicities are discovered on day

168 565 s and 3.57 h [87]. The periodicities are considered to be due to the rotation

of the WD (565 s) and the orbital period of the binary (3.57 h). The difference of

V407 Lupi from the previous sources discussed in earlier chapters is that the spectrum

shows weak absorption lines over the SSS continuum between 14-38 Å. There is also

an edge corresponding to the NVI line at 18.6 Å. Several NLTE and wind-type models

are considered for the spectral modeling, but it is argued that the fit obtained by the
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blackbody model+edge combination also gives a good approximation [85, 83]. Aydi

et al. argued that to be able to observe such a deep absorption edge of NVI, a hot and

highly ionized plasma should reside in the binary. They estimated the temperature

of the plasma to be around 667 eV [83]. In the same study, it was shown that the

absorption lines yield two distinct velocity blue shifts. One was -3200 km s−1 and the

other one was -400 km s−1. All these arguments suggest that there is a mixture of hot

ionized plasma that may be originated from the wind/ejecta. Therefore, V407 Lupi is

a good candidate for our model approach.

The distance for V407 Lupi has not been estimated yet. Several possible distance

values are considered in the earlier analyses [83], we assumed 10 kpc. The interstellar

matter hydrogen column density is given as nH=1.56×1021 cm−2 by NASA’s heasarc

tool and nH=2.62×1021 cm−2 by nhtot.

7.1 Observations and the data

V407 Lupi observations of XMM-Newton were held on March 11, 2017, 168.5 days

after the outburst. The total exposure was around 22 ks. The light curves and the spec-

tra were obtained from the archival RGS data. The data were processed with XMM-

SAS version 17.0.0 rgsproc routine along with the latest calibration files. RGS1 and

RGS2 first and second order source and related background spectra were extracted.

We obtained flux spectra by using the XMM-SAS rgsfluxer routine. RGS2 has a

broken chip hence a gap in the data and a low count region during the observation

between 24.1-28.1 Å corresponding to the chips3. To eliminate the problem, we

combined the spectra with SPEX rgsfluxcombine. The first order RGS1 and RGS2

combination could not solve the problem. We tried to apply a filter and finally com-

bined the second orders from both instruments with RGS1 first order. The wavelength

range for the extraction was between 4-40 Å with 3600 bins, as it is required by the

SPEX version 3.03.00 rgsfluxcombine and rgsfmat. A binning factor of 2 was used to

obtain a statistically correct analysis.
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Figure 7.1: XMM-Newton RGS1 background subtracted light curve of V407 Lupi 168

days after the outburst. The time bin size is 50 s.

7.2 Analysis and Results

XMM-Newton RGS1 light curve of V407 Lupi is given in figure-7.1. The background

subtracted light curve is binned with 50 s. The large 12.6 ks variation, probably due to

the orbital period of the binary, is clearly visible in addition to short term periodicity.

The mean count rate is around 39 counts s−1.

The continuum spectrum is that of a super soft source between 14-38 Å, see Figure-

7.2. The emission peak is around 24 Å. Different than the previous novae, V407 Lup

has weak and comparatively narrow absorption lines. The main characteristic is the

NVI edge seen at 18.6 Å. The O K-edge, affected by the dust grain in the region, is

present at 22.8 Å. The lines at 23.5 Å and 31.3 Å are OI 1s-2p and NI 1s-2p in their

rest wavelengths respectively. These lines are interstellar absorption lines. Ness et al.

determined the other observable absorption lines NVII, OVII, NVI that are shifted by

-400 kms−1 and OVII and NVII 1s-2p lines shifted by -3200 kms−1, details can be

found in the reference [85].

We constructed a composite model that includes two hot absorbers. The presence of

the NVI edge implies the existence of a probable hot plasma within the binary system

as we discussed earlier. The two different velocity shifts can be originated from two
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different plasmas. The temperature of the one component should be around or greater

than the 667 eV, as suggested by Aydi et al. [83]. Similar to our previous sources, we

based our model on the blackbody emission (bb) for the continuum. Then, we used

two collisionally ionized hot plasma absorber model (hot). Finally, we added the

interstellar medium absorption by using one hot model with low temperature (1eV)

for the cold gas and one amol for the dust (O K-edge). The final form of the model

we used can be summarized as [amol x ISM x hot2 x hot1 x bb]. The model fit can be

seen in Figure-7.2.

The complexity of the composite model requires some of the parameters to be fixed.

We coupled the elemental abundances of the hot plasma components during the anal-

ysis. The best fit parameters and the abundances can be seen in Table-7.1. We also

analyzed several composite models that are including a different combination of xabs

model (photoionized warm plasma) and hot model. None of the models yielded

proper physical results. Additionally, we investigated the presence of the second

blackbody component based on the discussions and best fit results of the Aydi et al.

[83]. They constructed a model including two plane-parallel, static, NLTE atmo-

sphere model TMAP. The main idea was to use two models is that the atmosphere

may not be homogeneous due to the presence of the two hotter emitting regions near

the poles, as can be seen in IPs. The analysis of V2491 Cyg yielded a second black

body component, and V2491 Cyg is considered to be an IP. V407 Lupi is also an

IP candidate, but we could not able to get any conclusive results with the second

blackbody component.

7.3 Discussion

In the wavelength range 14-38 Å, the measured absorbed flux by the XMM-Newton

RGS detector is 1.2 x 10−9 erg cm−2 s−1. We assumed the distance to the nova is 10

kpc. Hence, we obtained the luminosity as 1.9x1039 erg s−1. We discussed the cause

of Super-Eddington luminosity in our earlier analysis. The blackbody model assump-

tion gives higher luminosity value and a bloated WD radius. It is also affected by the

distance which is currently unknown for this nova. The simple continuum blackbody

model has a temperature around 56-58.1 eV (6.5-6.7 x 105 K). The normalization is
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Table 7.1: XMM-Newton RGS best fit parameters of V407 Lupi are in the left. El-

emental abundances obtained with a composite model includes two hot absorber are

on the right. The abundances are given according to the solar abundances. The errors

are calculated with %90 confidence level for one degree of freedom.

Model Parameters

BB Norm (1020cm2) 3.6+10
−0.8

kT (eV) 56.7+1.4
−0.7

L (1039 erg s−1) 1.2

HOT-1 NH (1022cm−2) 0.7+0.3
−0.4

kT (eV) 483+205
−10

σv (km s−1) 13+10
−10

zv (km s−1) −3135+98
−40

HOT-2 NH (1022cm−2) 49.8+0.05
−0.02

kT (eV) 1087+30
−30

σv (km s−1) 82+8
−9

zv (km s−1) −513+71
−58

ISM NH (1021cm−2) 2.8+0.2
−0.1

kT (eV) 0.8+0.1
−0.1

N 1.3+0.1
−0.2

O 0.6+0.1
−0.1

AMOL O2 (1017cm−2) 1.4+0.1
−0.1

χ2
ν 7.3

(d.o.f.) (1138)

Abundances Two hot model

C 0.10+0.07
−0.03

N 46.72+1.62
−22.45

O 69.88+9.62
−14.69

S 0.15+0.02
−0.02

Ar < 0.02

Ca 0.06+0.1
−0.03
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Figure 7.2: V407 Lupi XMM-Newton RGS high-resolution spectrum 168 days after

the outburst. The red line show the best fitted composite model. The bottom panel

shows the deviations from the model.

given as 4πR2, which yields the effective radius of the blackbody emitting region.

The effective radius is then derived as around 5.3-x109 cm.

The absorber components consist of two collisionally hot plasma models. The hydro-

gen column densities are in the range 0.03-0.1 x 1023 cm−2 for the first hot component

and 4.93-5 x 23 cm−2 for the second hot model. The plasma temperatures are 478-

688 eV for the first and 1057-1117 eV for the second hot model. The temperatures

of the plasma components are consistent with the expected value for the observation

of the NVI line. The values also hint that the shocked ejecta may be the origin of

the X-ray emission. The average velocities of the absorbers, zv, are determined as

3095-3233 km s−1 and 455-584 km s−1 for the first and the second hot model respec-

tively. The velocities are in good agreement with the absorption line blueshifts. The

velocity of the first hot absorber resembles the wind/ejecta expansion velocities. The

absorption lines present in the spectrum are narrower relative to our previous classical

nova observed by XMM-Newton such as V2491 Cyg and V4743 Sgr. As expected the

turbulent velocity broadenings of the absorbers are low, 3-23 km s−1 for the first hot
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model and 73-90 km s−1 for the second hot model. The differences in the velocities

of the absorbers indicate that the locations of these plasmas are different.

We also estimated the elemental abundances of the nova. C/C�=0.07-0.17, N/N�=

24.27- 43.44, O/O�55.19-79.5. The carbon is subsolar, N and O are overabundant

consistent with the H-burning effects. We also estimated the S, Ar and Ca abundances

which are subsolar and affected the overall fitting. The values are given in Table-7.1.

The interstellar matter absorption was modelled by the hot model with low temper-

ature and turbulent velocity values. We can estimate the column density of the in-

terstellar matter, and it is given as 2.7-3 x 1021 cm−2. The estimation is close to the

value given by nhtot that is 2.6 x 1021 cm−2. The XMM-Newton RGS wavelength

range covers the interstellar absorption lines of O and N. Hence, we also estimated

the abundances of these elements. We found the ratio as N/N�=1.1-1.4, O/O�0.5-0.7.

The ISM oxygen abundance is in good agreement with the value obtained by Ness et

al. [85] but N is close to the solar abundance. Finally, we estimated the column den-

sity of the oxygen molecule O2 from amol model. The best fits yielded 1.4 x 1017

cm−2.

The best fitted composite model yielded two different plasma models. The χ2
ν is 7.3

for 1138 degrees of freedom. It gives a reasonably good fit for the observed spectrum.

We know that the blackbody emission for the continuum is not a well-suited assump-

tion since we are missing some of the photospheric absorption lines. We could not

able to model some of the absorption lines seen in the spectrum with a couple of weak

emission profiles. This affects the goodness of the overall fitting. However, we could

easily model the edge seen in the spectrum and the ISM absorption lines. The results

suggest the existence of a complex, highly ionized and hot plasma. The difference

in temperatures, column densities, and velocities suggest that the plasma within the

system is inhomogenous.

69



70



CHAPTER 8

SUMMARY AND COMMENTS

The X-ray observations of cataclysmic variables provide a wide range of information

on the physical properties of the binary system. In this work we focused on X-ray

sources that are classical nova in outburst. The X-ray phase can last from weeks to

years and provides a wealth of information on the effects of nuclear burning near the

stellar surface. The X-ray emission can be originated from the photosphere of the

WD or from the shocks within the ejecta/winds. Hence, it gives an opportunity to in-

vestigate the surrounding plasma and the accretion process of the binary system. The

X-ray flux of WD can also easily be absorbed. The ejecta/wind and the interstellar

matter absorption leave the imprints of their properties.

The high-resolution X-ray spectrum observations during the outbursts offer the de-

tailed features of all the physical processes of this phase. In this thesis, we have

worked on the various XMM-Newton and Chandra high resolution X-ray archival

data of CVs in outburst. We reanalyse the XMM-Newton RGS data of V2491 Cyg,

V4743 Sgr and V407 Lupi, and Chandra HRC-S+LETG spectra of KT Eri. All four

of these classical novae are observed during their super soft source phases. Their

spectra have complex absorption features. The emission lines are thought to exist but

in some cases they are difficult to identified. Especially the spectra of the V4743 Sgr

and KT Eri resembled each other, but in the case of KT Eri emission lines are more

prominent.

In all analyses, as an alternative to the static or expanding stellar atmospheric models

used in the modeling of the X-ray data, composite models including warm and hot

absorbers are constructed and investigated in detail. We based our continuum model

on a blackbody emission with an addition of collisionally ionized plasma model for
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the V2491 Cyg. We discussed the insufficiencies of this model like overestimations of

the luminosity parameters or missing photospheric absorptions. We are aware that a

better physical approach can be done by using atmospheric models instead of a simple

blackbody model. But, we also expressed that to be able to construct the absorption

lines from the warm/hot plasma and to see their effects on the spectra we need to make

this assumption. The capabilities of the available software packages and models are

not sufficient to work with atm models and the plasma components together.

In this thesis, we could able to show the affects of the photoionized or collision-

ally ionized plasma in motion which can be attributed to wind/ejecta. The absorber

components are varied depending on the source but the composite models yielded at

least two warm/hot plasma absorbers. The particular change of the column densities

and the temperatures of these plasma is seen. The change in such parameters can be

caused by rekindled irregular accretion onto the surface of the H-burning WD. They

may also be caused by the inhomogenous environment of within the binary system.

The inclusion of the absorption effects of the interstellar matter is crucial. All of the

sources we discussed throughout this thesis had have absorption lines in their rest

wavelengths. The lines we observed are almost identical in all of them. We know that

these lines have interstellar matter origin. Non of the atmospheric models take care of

the effect of interstellar matter absorption. Therefore, a proper modelling of the ISM

take us closer to the observed spectra.

We have presented the high-resolution X-ray spectral analysis of V2491 Cyg by using

the warm and hot absorbers. We investigated two grating observations from XMM-

Newton. We consider the change in the absorbers in addition to the change in the

central emitting source cause the large scale variations seen in the first observation.

Therefore, we worked with a selected time intervals corresponding to different count

rate regions to investigate the variations. We derived the best fitted composite model

for the classical nova V2491 Cyg as [amol x ISM x (cie + (hot2 x hot1 x xabs) x bb)].

We also investigated other possible composite models, such as the composite model

without the warm absorber.

We obtained the blackbody temperature of 62-85 eV and 78-82 eV from the first and

second observation. The bb temperatures yield WD mass as 1.15-1.3 M� consis-
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tent with the fast nature of the nova. The effective radii of the emitting region are

calculated as 32-39×108 cm for the era1, 12-29×108 cm for the era2, era3 and (2.8-

7.5)×108 cm for second observation. The hard X-ray part of the spectra is modeled

with collisional equilibrium emission model cie for the derivation of the Ne and Mg

abundances. The temperature derived from the best fits is around 0.2 keV consistent

with shock temperatures for stellar winds.

The composite model consists of two collisionally ionized hot absorber components

and one warm absorber. The first hot component hot1 show equivalent column density

of hydrogen in a range 0.5-3.9×1023 cm−2 for first and 1.4-8.5×1023 cm−2 for second

observation. The absorption drops successively from era1 to era3. In the meanwhile,

hot2 component is 2.0-16.2×1023 cm−2 and 5.7-7.2×1023 cm−2 for first and second

observation. There does not seem to be a strong variation in the H column density

parameters over the four time intervals, only hot2 components have higher values

than hot1. The temperatures we obtained, 1.1-3.6 keV (1st obs.), 1.3-2.0 keV (2nd

obs.) for hot1 and 0.5-1.0 keV (1st obs.), 0.4-0.9 keV (2nd obs.) for hot2, resem-

ble the temperatures of shocked ejecta. Several selected elemental abundances are

C/C�=0.3-0.5, N/N�=5-7 and O/O�=15-17. The overabundance of oxygen implies

the existence of an WD with CO core.

The hydrogen column density of the photoionized absorption is 1.3-4.3×1020 cm−2

for the first and 0.5-0.7×1020 cm−2 for the second observation. The absorption due

to interstellar material is imitated by using the hot model with low temperature, 1

eV and the neutral hydrogen column density derived as about 3.2-4.2×1021 cm−2 for

first and 2.2-2.7×1021 cm−2 for second observations from the best fits. To be able

to fit the lines corresponding to the dust absorption we use amol model including the

oxygen molecule, carbon monoxide and water ice. We derived the blueshifts seen in

the absorbed lines from absorber velocities. The values are in a range, hot1, 3097-

3812 km s−1 and, hot2, 2845-3250 km s for the first observation. Second observation

fits yield velocities, hot1, 3517-3586 km s−1 and, hot2, 2590-2683 km s−1. The warm

absorber velocities are initially in a range 750-3113 km s−1, then 10 days after in

the range 3009-3254 km s−1. The achieved χ2
ν values are improved compared to the

previous studies in the literature.
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We reanalyzed the high-resolution X-ray spectra of V4743 Sgr similar to V2491 Cyg.

We investigated one RGS observations from XMM-Newton. Besides the large scale

variations seen in the spectrum we also investigated if the small scale variations are

affected by the changes in the plasma absorbers. Therefore, we worked with twelve

selected time intervals corresponding to different count rate regions and peaks and

dips from the regions. We derived the best fitted composite model for the classical

nova V4743 Sgr as [amol x ISM x hot x xabs1 x xabs2 x bb)]. The normalizations

for the blackbody in the first time interval are in the range 0.99-1.92×1020 cm, while

in the high-region it is 3.09-4.62 ×1020 cm. These give an effective radius of R=28-

39×108 cm and R=49-60×108 cm. The effective temperatures are in a range of 40-46

eV. Low count rate spectra show similar results with an exception of peak spectra that

resembles the valley spectra. The normalization lower bound drops to 0.51×1020 cm

that gives R=20×108 cm with an effective temperature 48-45 eV.

The composite model consists of two warm absorbers and one hot absorber. The first

resulting warm absorption model has various hydrogen column density NH values

among the spectra. It ranges from NH1' 0.45-27.88×1021 cm−2 in one time interval

to 83.3-67.3×1021 cm−2 in another. Ionization parameter is Log (ξ1)'3.4-4.4 erg cm

s−1 and it tends to increase after the first region. The blueshifts are 2727-3486 km s−1.

Second warm absorber shows more consistent results and has NH2'0.12-0.42×1020

cm−2 with ionization parameter Log (ξ2)'1.3-2.3 erg cm s−1. The blueshifts are

2190-2669 km s−1. The hot component has NH'1.0-73.8×1021 cm−2 and tempera-

ture deviating between 271-814 eV except for the high region where the NH becomes

'594.2-794.1×1021 cm−2 while effective temperature goes to 879-1390 eV. How-

ever, the blueshifts 974-2190 km s−1 are consistent among the spectra.

V4743 Sgr shows a typical signature of H-burning with under-abundant carbon C=0.2-

0.9, and enhanced nitrogen N=48-71 and oxygen O=1.2-14. Total molecular density

of the O2 drops from 3.8-5.7×1017 cm−2 to 2.8-4.5×1017 cm−2 in time. When we

investigate the spectra throughout the observation one of the warm absorbers xabs2

stays consistent. In the other, the parameters NH and Log (ξ) seem to change from

the first region to others. Similarly, a change in the hot model hydrogen column den-

sity and in the effective temperature can be seen in the high region. The long term

variability can be explained with these instabilities in the absorbers.
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All of the four Chandra HRC-S+LETG observations of KT Eridani is investigated in

details for the first time in this thesis. The best obtained model can be given by [amol

x ISM x hot x xabs x bb)]. The normalisation factor for the blackbody ranges from

0.14×1020 cm2 to 0.42×1020 cm2. The corresponding WD radius can be estimated to

be between 1.1×109 cm and 1.8×109 cm. The effective temperature of the blackbody

is 59.9-60.5 eV on day 71.3, 64.2-81 eV on day 79.3, 80.3-83.3 eV on day 84.6 and

70.6-79.6 eV on day 158.8. The increase in the temperature and a possible shrinking

of the WD atmosphere surface may explain the increase in fluxes relative to the first

observation.

The best fit model yielded one photoionized warm absorber and one collisionally

ionized hot absorber. The column densities for the warm absorber are estimated in

the range 0.16-1.40×1024 cm−2. The ionization parameter Logξ changes between

2.7 to 3.15. The absorber velocities are calculated as around -2300 km s−1, -2400

km s−1, -1800 km s−1 and -1400 km s−1 from first to last observation. The ab-

sorbers are slowing down in time. The collisionally hot plasma column density is

(2.43±0.02)×1024 cm−2 in first observation. It drops to 2.14+2.6
−2.1×1024 cm−2on day

79.3 and increases to 2.33+0.19
−0.43×1024 cm−2 on day 84.6. Finally, the column density

becomes 1.74+0.03
−1.03×1024 cm−2 in the last observation. The plasma temperature is in

the range 230-430 eV, and velocities are between 676km s−1 and 874 km s−1.

The hydrogen column density of the ISM fluctuates between 2×1020 cm−2 to 6.8×1020

cm−2 along the observations. The real difference lies in the column density of O2 of

the dust component where we model the O K-edge. On the day 71.3 and 84.6 the

column density of O2 are 36-38.8×1017 cm−2 and 20.8-22.1×1017 cm−2. On the

higher count rate observations on day 79.3 and 158.8 the column density drops to

3.3-3.5×1017 cm−2 and 0.7-0.9×1017 cm−2

The elemental abundance are derived as C/C� ≈0.01, N/N�=0.6-0.9 and O/O�=28.6-

256.8. The change in the stellar remnant source hence the blackbody model parame-

ters could be the result of variation in the count rates between the observations. How-

ever, the particular change is seen in the absorber components. The column densities

and the temperatures fluctuates between the observations. These could be correlated

with the relative strength of the emission profiles but it is hard to make any conclu-
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sions without explicit emission models. We considered that the origin of the warm

plasma could be wind/ejecta.

We reanalyzed XMM-Newton RGS spectrum of V407 Lupi by using hot plasma ab-

sorbers. The NVI absorption edge is observable in the spectrum. The presence of this

edge implies the presence of a highly-ionized hot plasma in the system. The analy-

sis provided the best fitted model as [amol x ISM x hot2 x hot1 x bb]. The absorber

components consist of two collisionally hot plasma models. The simple continuum

blackbody model has a temperature around 56-58.1 eV (6.5-6.7 x 105 K) and gives

the effective radius as around 5.3-x109 cm. The hydrogen column densities for the

hot absorbers are in the range 0.03-0.1 x 1023 cm−2 for the first hot component and

4.93-5 x 23 cm−2 for the second hot component. The plasma temperatures are 478-

688 eV for the first and 1057-1117 eV for the second hot model. The temperatures

of the plasma components are consistent with the expected value for the observation

of the NVI line. The average velocities of the absorbers, zv, are determined as 3095-

3233 km s−1 and 455-584 km s−1 for the first and the second hot model respectively.

The velocity of the first hot absorber resembles the wind/ejecta expansion velocities.

We also estimated the elemental abundances of the nova, the carbon is subsolar, N

and O are overabundant consistent with the H-burning effects. The interstellar matter

column density is derived as 2.7-3 x 1021 cm−2. We provided a reasonably good fit

for the observed spectrum. We could easily model the edge seen in the spectrum and

the ISM absorption lines. The results suggest the existence of two complex, highly

ionized and hot plasmas.

In conclusion, this thesis brings some contribution in understanding of classical no-

vae in the X-ray regime, extensive high-resolution spectral analysis of CNs and pro-

vides the detailed analysis of the absorption components in CVs. Most importantly, it

reveals the necessity of the consideration of the absorption components, the wind/e-

jecta, in the spectral modelling.
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