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Abstract

Context. In the past, Wolf-Rayet (WR) stars have been studied in several local group galaxies.
However, there is only a vague understanding of how WR stars behave in metal-poor galaxies.
Because of its metal-poor, SMC-like metallicity, NGC 6822, which is also in the local group, is
one of the best candidates to test and extend the current research on WR stars and the early

universe. The early universe had low metallicity compared to today.

Aim. We analyze and categorize four WR candidates using spectroscopy.

Methods. For this, we use data taken by the Very large Telescope (VLT) in April 2022 and anal-
yse them with the following programs: ESOREFLEX and Potdsam Wolf Rayet Modelling Code
(PoWR).

Results. We present a catalog of four WR star spectra and examine [AM85] NGC6822 12 in de-
tail. By doing so, we confirm that this star has no hydrogen and the classification WNE. Fur-

thermore, we discuss the origins of its broad line profile.

Zusammenfassung

Kontext. In der Vergangenheit wurden Wolf Rayet (WR) Sterne in mehreren Galaxien der lokalen
Gruppen untersucht. Allerdings, gibt es nur ein vages Verstdndnis davon, wie sich WR Sterne in
metallarmen Galaxien verhalten. Aufgrund ihrer metallarmen, SMC-dhnlichen Metallizitét, ist
NGC 6822, welche sich ebenfalls in der lokalen Gruppe befindet, einer der besten Kandidaten
um die aktuelle Forschung iiber WR Sterne und das frithe universum zu testen und zu erweit-

ern. Das frithe Universum hatte ebenfalls eine im Vergleich zu heute geringe Metallizitét.
Ziel. Wir analysieren und kategorisieren vier WR Stern Kandidaten mithilfe von Spektroskopie.

Methoden. Dafiir benutzen wir Daten, die vom Very Large Telescope (VLT) im April 2022 aufgenom-

men wurden, und analysieren diese mit folgenden Programmen: ESOREFLEX und PoWR.

Ergebnis. Diese Arbeit prasentiert einen spektralen Katalog von vier WR Sternen und die Un-
tersuchung von [AM85] NGC6822 12 im Detail. Dabei bestétigen wir, dass dieser Stern kein
Wasserstoff und die Klassifizierung WNE besitzt. Dariiber hinaus diskutieren wir die Urspriinge

seines besonderen Linienprofils.
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Resumen

Contexto. En el pasado, se han estudiado estrellas Wolf-Rayet (WR) en varias galaxias del Grupo
Local. Sin embargo, existe solo una comprensién vaga de cémo se comportan las estrellas WR
en galaxias pobres en metales. Debido a su baja metalicidad, similar a la de SMC, NGC 6822,
que también pertenece al Grupo Local, es uno de los mejores candidatos para poner a prueba
y ampliar la investigacion actual sobre las estrellas WR y el universo temprano. El universo

temprano tenia una baja metalicidad en comparacién con la actual.

Objetivo. Analizamos y categorizamos cuatro candidatos a estrellas WR utilizando espectro-

scopia.

Meétodos. Para ello, utilizamos datos obtenidos por el Very large Telescope (VLT) en abril de 2022
y los analizamos con los siguientes programas: ESOREFLEX y Potdsam Wolf Rayet Modelling
Code (PoWR).

Resultados. Presentamos un catdlogo de cuatro espectros de estrellas WR y examinamos detal-
ladamente a [AM85] NGC6822 12. Al hacerlo, confirmamos que esta estrella no tiene hidrégeno

y tiene la clasificacion WNE. Ademads, discutimos los origenes de su perfil de lineas anchas.
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Chapter 1

Introduction

Over 1.3 million years ago, a distant galaxy emitted light that we can observe on Earth today.
This light came from Barnard’s Galaxy (NGC 6822 ) which was discovered by Edward Emerson
Barnard (1884). NGC 6822 is a member of the local group and is characterized by a particularly
low iron content. Other galaxies, such as the Milky Way (MW), the Large Magellanic Cloud
(LMCQ) or the Small Magellanic Cloud (SMC), which are also in the Local Group, have higher
iron contents. About 400 million years after the Big Bang, at the time of reionisation, there was
less iron present than measured today. Consequently, conclusions about the young universe
can be drawn from observations of such galaxies like Barnard’s Galaxy. To understand what
contributed to the reionisation of hydrogen at that time, we therefore study blue objects, which

emit multitudes of radiation into their surroundings.

A special type of object, which contribute to galactic evolution, are Wolf-Rayet (WR) stars.
What is special about them is their emission line spectrum. This is produced in stellar winds
that are orders of magnitude larger than winds from solar-like stars. These winds supply their
surroundings with enriched material and support the chemical evolution of galaxies. Such stars
start their life as a massive (>20 M) O type and end as a powerful supernovae (SN), forming
black holes (BH) or neutron stars (NS). The mechanisms of stellar feedback, (e.g. ionizing radi-
ation, winds and supernovae), induce new star formation in galaxies. WR stars are the bridge
between galactic and cosmological scales, as well as drivers of the chemical evolution of galax-
ies. The study of WR stars is essential if one wants to understand the evolution of the universe,

galaxies and also humanity.

This work deals with the classification of four WR stars in the iron-poor irregular galaxy
NGC 6822 based on their spectra, which we obtained using observations from ESO’s VLT. Fur-
thermore, the spectra of the four stars are modelled with the modelling program: Potsdam Wolf
Rayet Modelling Code (PoWR), which is developed in Potsdam. This enables us to characterize
all four stars. The spectra are checked for possible binary star systems and compared with the
results of previous work. By analyzing WR stars in a metal-poor Galaxy, we try to improve the
metalicity (Z) mass loss (M) powerlaw relation. This has already been established with data

from the LMC, SMC, and the MW (Sander et al., 2019). In addition, we determine new parame-
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ter, put all stars in a Hertzsprung-Russel diagram (HRD) to study ways of possible evolutionary
paths of these stars and compare them with stars in the galaxies just mentioned. In chapter 2
we will deal with WR stars and its properties and evolution in general. Furthermore, we will
deal with the details of the Barnard’s Galaxy in chapter 3. After discussing the theory, we will
cover the experimental part. Chapter 4 takes a closer look at the methods of observation, data
analysis, and modeling of the observed spectra. Subsequently, the four WR stars are analyzed
and evaluated on the basis of their spectra in chapter 5 (see the eye-catching spectrum in Fig-
ure 1.1). Chapter 6 summarizes the results of this analysis. Finally, a discussion of the errors,
analysis and evaluation methods follows in chapter 7. The master thesis ends with a summary

of this research work and gives an outlook on possible future projects in chapter 8.

Figure 1.1: Spectra of [AM85] NGC 6822 12 plotted with the visual colors where dark blue is at
3800 A and dark red is at 7200 A. This displays the color range of our eye.
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Chapter 2

Wolf-Rayet Stars

The WR type of stars were found by two french physicists in 1867. Wolf & Rayet (1867) discov-
ered an at this time, unusual broad Helium emission line spectrum in three stars of the Cygnus
constellation. With the discovery of more stars with such phenomenon, it was possible to clas-
sify them in more detail and research their evolution. Until now their appearance and behavior
is not fully understood and highly debated. Crowther (2007); Hamann et al. (2016); Shenar
(2022) give an overview about the current state of the research. This summary is oriented on
Crowther (2007). Nowadays, WR stars are researched in the MW (Sander, A. et al., 2012; van der

Hucht, 2001), the SMC (Hainich et al., 2015) and the LMC (Hainich, R. et al., 2014).

2.1 Observed properties and stellar classification

Due to these unusual emission lines, there kind of stars are classified after their spectrum and
not as other stars, after their temperature and luminosity. The uniqueness comes from broad
emission lines while others usually show an absorption spectrum. Nevertheless, WR stars can
also contain absorption lines (see Beals, 1940). A first categorization pattern was introduced by
Smith (1968). It was further developed by van der Hucht (2001) where we use it for our analysis
of the spectra. The main stellar type in this work are WN-type stars. They contain N 111-v lines.
The line strength of the nitrogen lines is compared to the HeI-11 lines in the spectrum. From
there, this type can be subdivided into WN-early (WNE or WN2-WN5) and WN-late (WNL or
WN7-WN11) types (van der Hucht, 2001). This can be confusing since from an evolutionary
point of view a star which contains hydrogen is earlier in evolution than a star without hydro-
gen. The details about stellar evolution in general are explained very well in Kippenhahn et al.
(2014) for example. There exist also WC and WO types which contain carbon and oxygen lines,
respectively. Furthermore, a combination of types (e.g. WN/C) is possible since the classifica-

tion definitions leave a certain flexibility (Conti et al., 1989).

3
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2.2 Physical parameters

One possibility to achieve physical parameters from a spectrum and to further characterize a
star is to model it. This is what the POWR program does. PoOWR is a modeling program for stellar
atmospheres specialized on WR and O stars. It takes into account the radiative transfer equa-
tions in a non-local thermal equilibrium (LTE) environment in the co-moving frame as well as
line blanketing. Grifener et al. (2002); Hamann & Grifener (2003); Sander et al. (2015) con-
tributed and developed this code over decades and still maintain it. Among the assumptions

made, it exhibits:
* one dimensional spherically-symmetric expansion,
* stationary and homogeneity,
* clumping in the small scale limit,
* wind velocity including beta law,
e radiative equilibrium which leads to a radius dependent temperature T'(r),
* non-LTE radiative transfer

(see Hamann & Todt, 2023). The workflow of the program can be seen in Figure 2.1. The
research group in Potsdam calculated a grid of models for different parameters for different
galaxies. This assists scientists to get a first insight of which parameter an observed spectrum
has. Since the models have fixed parameters, it is not likely that a grid model fits perfectly to an
observation. Thus, one can calculate different models. The time to compute a spectrum with
this code takes up to a few days. Therefore, it is useful to know how a spectrum behaves un-
der changing different parameter or under which transformation the spectrum stays the same.
With that knowledge, one can make an educated guess and lowers calculation time. In the fol-
lowing, I will introduce the most important parameter and their relations for this work used in

the program.

Parameter of the model

The main free parameters which can be changed, are mass loss rate (M), luminosity (L), ef-
fective temperature (T), terminal wind velocity (v.) including beta parameters (see equation

2.3), clumping (D) and chemical composition.
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Figure 2.1: Structure of a POWR model calculation from the PoWR manual (Hamann & Todt,
2023).

Job wrstart wrstart: setup model, 1st approx. for J,
wrstart steal: statistical equations with approximate
steal lambda operator - population numbers
adapter adapter: [adapt pop.numbers from previous model]

Job wruniq .
extrap: speed up convergence by extrapolation

— [extrap] .
WI‘COIE)I wrcont: angle-dependent rad transfer (static, cont.)
como: moment eqns. (static, continuum)
como

coli coli: comoving rad. transfer (continuum & lines)

teal steal: statistical eqns. - popnums, [temp. corr.]

Stea . .. . .
modify: automatic interpolation for bad depth points

[modify]

wrcont: (see above)
como: (see above)

Job formal

wrcont ‘
como formal: Formal integral (observer’s frame)
formal - emergent spectrum

Luminosity We assume black body radiation such that Planck’s law holds for the luminosity:

L. =4n0R*T2, 2.1)

where R, is the stellar radius, T, the photospheric temperature and o the Stefan-Boltzmann
constant. Thus, L ~ R? and L ~ T?. The luminosity can be estimated from the Spectral Energy
Distribution (SED). This presents the relation between emitted energy (flux) of the star to the
wavelength. By aligning the observed spectrum to the photometry of the object the model can
be fitted to the observation by eye and thus the luminosity can be obtained. Shapes of the slope
are effected by reddening, therefore extinction laws are also applied. We will cover this in detail

later in section 4.4.

Rotational velocity of the star The vsin(i) value, (VSINI) in POWR, represents the projected
equatorial rotational velocity in km/s. We need to respect the inclination to the star since we
cannot know from which side we see the object. The rotational velocity contributes to the
formal integral (see Figure 2.1). This job only takes up to a few minutes which is why we can

make for several models, multiple rotation guesses and try out which fits the best.


https://www.astro.physik.uni-potsdam.de/~htodt/manpowr.pdf
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Wind velocity The wind velocity v, can be expressed via
R.\P
v(r) = Vo (1 — 7) , or (2.2)
r0\h r1\P2
af1-2)" +a:(1-=) ] (2.3)

where in the second equation, g; + g2 = 1, R, is the radius of the star and r is either the max-

v(r) = Vso

imum radius or the connection point radius of wind and photosphere. In equation 2.3, we
divide the wind into two parts. Fortunately, the winds we will cover are possible to reconstruct

with equation 2.2.

Transformed radius and mass loss rate The transformed radius "..., is the ratio between the
emission measure of the wind and the area of the stellar surface."(Hamann & Todt, 2023). It

can be calculated in the following way:
2/3

Rt:R*

. -1

2500kms—1 | 104 M, /yr

Consequently R, ~ M~2/3, R, ~ v2/3, R; ~ R, and R; ~ D™1/3,
The mass loss rate couples velocity and density field of the atmosphere because the atmosphere

should be stationary and spherical Hamann & Todt (2023). It can be obtained using:
M=4nr*v(r)p(r), (2.5)

where v(r) is the velocity law of the wind and p(r) is the density profile of the photosphere.

Clumping The code distinguishes between micro and macro clumping. Micro clumping
is defined via the parameter DENSCON (D) and describes density inhomogeneities on small
scales which are optically thin. It is the inverse of the filling factor and can be calculated via:

D= Pclump

{p)

where p is the density of the region. For WR stars this value is usually set between 4 and 10.

(2.6)

Macro clumping on the other side describes large scale clumps in the wind which are optically

thick (Oskinova, L. M. et al., 2007).

Chemical composition The mass fraction of atoms in a star can be changed for the follow-
ing atoms: hydrogen, helium, nitrogen, carbon. The mass content of iron, nickel, chromium,
cobalt, manganese, titanium, scandium and vanadium are combined under the name: GENERIC.
The abundances of these elements in the sun were researched in Asplund et al. (2009). From
there and the assumption that we have similar metallicities in the NGC 6822 as in the SMC we

can scale down the abundances of the sun.
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2.3 Attributes of the Wind

WR stars have strong stellar winds which are orders of magnitude higher than the solar winds.
These winds can be described by their wind velocity, mass-loss rate, and clumping. It produces
a typical spectral feature called P-Cygni line profile which contains an absorption part and an
emission part of a line. The theoretical foundation of the stellar wind driving in O stars are
presented by Castor et al. (1975).

The wind gets stronger with higher metallicity and thus also the wind velocity changes, too
(Crowther & Hadfield, 2006). Furthermore, Crowther (2007) concluded in its Figure 7, that there
exist a metallicity dependence of type:

M=27z™M, 2.7)

where M is the mass loss and Z is the metallicity with m ~ 0.8 £ 0.2. Crowther (2007) states

additionally that lower metallicity environments prefer earlier WN types .

2.4 Evolutionary models

In the past, multiple approaches were developed to explain the evolution of WR stars and their
observational appearance. These were expanded due to the development of modeling codes
like PoOWR. Nowadays, clumping is likely to have an impact on the evolution, as well as the com-
bination of mass loss and rotation. This is needed to explain the ratio of population of WR stars
relative to the population of O stars in a given galaxy. With rotation, it is possible that O stars
enter earlier in the WR phase and stay longer in this stage. This single star evolutionary sce-
nario is known as the Conti scenario (see Conti, 1976; Shenar, 2022)!. The observed WN/WC
ratio in a galaxy cannot be explained by only considering single star evolution (see Figure 8 in
Crowther, 2007; Eldridge, J. J. & Vink, J. S., 2006). Especially at low metallicity it is unclear how
stars evolve to the WR stage. There close binary evolution is favored. Shenar (2022) summarizes
the evolutionary state in Figure 2.2. Shenar (2022) concludes that there exists a Z dependent
luminosity threshold up to which stripped stars cannot produce strong enough winds to pro-
duce a WR type spectrum. A single star in the SMC and thus similar for the NGC 6822 needs for
example a mass of at least 40 M, to be classified as a WR Star (Shenar, 2022). The initial mass
corresponds to the mass the star is born with. During its life, a star looses mass because of its
stellar wind. At the WR phase there is only a partial of the initial mass left.

As a last action, the WN and WC type WR stars explode in a SN type Ib/c since hydrogen

and/or helium are not observed in these SN (Woosley & Bloom, 2006). Additionally, they are

IThe original reference from Conti is unfortunately unavailable for the public but the reference is seen in mul-
tiple sources.
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Figure 2.2: Figure 2 from Shenar (2022), red circles are binaries. Only stars with a minimal
luminosity exhibit winds to be classified as a WR star. In the SMC stripped stars need a minimal

luminosity of 5.6 mag and a minimal initial mass of =40 M, to be viewed as WR star.
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accompanied by a Gamma Ray Burst (GRB). What is left then are NSs, magnetars with a mag-
netic field of ~ 10'2 — 10'® G, or even BHs. To achieve these kinds of magnetic fields the WR
star itself would need a magnetic field of ~ 10? — 10® G. One of the stars in this study is likely to
have such a high magnetic field. Again, it is possible to reconstruct the evolution with single

and with binary stars (Crowther, 2007).

2.5 Current state of research on WR stars

We know that there exist WR stars, like the former which are represented by the WNL spec-
tral types while the later are observed as of WNE, WC and WO spectral type. Their evolution
is metallicity dependent and thus is the wind. Because of our models, it is believed that they
contribute a lot to the chemical enrichment in their surrounding due to rotational mixing and
clumped winds. The elements which play a major role can be seen in Figure 2.3. We are dealing
mostly with H, He, C, N, O, and elements in the second period. But some riddles are still un-
solved. How exactly does metallicity influence the WR mass loss?; Which role has binarity for
the evolution of WR stars? This study is dedicated to these open questions using a metallicity

poor environment to find potential answers.
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Figure 2.3: Credit: Cmglee, CC BY-SA 3.0 (licence link), via Wikimedia Commons, Data refer-
ence: Jennifer Johnson (OSU); Nasa’s astronomy picture of the day 09.08.2020; The periodic
table shows the origin of the elements. The filling of each element represents the percentage
by which element contributes to the production of this element. Among them are exploding
massive stars and merging neutron stars which have WR stars as progenitors.
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Chapter 3

NGC 6822 - Barnard’s Galaxy

The constellation Sagittarius appears in Potsdam, all over the year, not far above the horizon.
Those who, nevertheless, have the opportunity to observe the constellation, with a telescope,
will discover Barnard’s Galaxy (see Figure 3.1) among others. It was discovered in 1884 by the
scientist after whom it was named. De Vaucouleurs et al. (1991), who have categorized a whole
catalog of galaxies, classified NGC 6822 as type IB(s)m. This describes a barred irregular dwarf
galaxy. It is part of the Local Group and is located at about 0.47 Mpc distance from the earth
(Rich et al., 2014). We use their value since it is the newest researched. However, there are
different distance determinations. Further methods and the comparison to LMC and SMC can

be found in Table 3.1.

Figure 3.1: An image of Barnard’s Galaxy (ESO, 2009). The ESO used the Wide Field Imager
attached to the 2.2-metre MPG/ESO telescope at ESO’s La Silla Observatory. North is upwards.
The image contains B, V, R, and H-alpha filter. Its field of view is 35x34 arcmin.

11
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Table 3.1: Distance of NGC 6822 from different sources, in comparison with the LMC and SMC.

Reference  Method Distance modulus () [mag] Distance [kpc]

Rich et al. (2014) Cepheids 23.38+0.06 474.241 +0.010

Fusco et al. (2012) TRGB! 23.54+0.05 510.504 £0.010

Musella et al. (2016) (LMC) Cepheids 18.50+£0.01 50.118 +0.010
Marconi et al. (2017) (SMC) Cepheids 19.01 +0.06 63.386+0.010

ITip of the red-giant branch

Distance (D) and Distance Modulus (u) are connected in the following way:

Dilpc] ) ~5log,g (D[pc] ) 3
10[pc] 1[pc]

,u=m—M:510g10( 3.1)

D=105"", (3.2)

where m is the apparent and M the absolute magnitude. Furthermore, we want to deal with
the metallicity, as this has an influence on the stellar wind as we have seen in section 2.3 (see
Hainich et al., 2016). The metallicity (Z) is usually defined as the total mass of all metals rel-
ative to the mass of hydrogen and helium in a region or galaxy. Another parameter which is
commonly used in literature is the relative abundance of two Elements. It is defined in the
following way:

[X/Y] [dex] =log,, (%) -log,, (%) [dex], (3.3)
* [0}

where X and Y are elements like, e.g. iron and hydrogen. N is the relative number density of an
element. The relative abundance is given in [dex] which stands for orders of 10th magnitude
(see Maiolino & Mannucci, 2019). This relative abundance can vary a lot locally, but average
values can be plotted and compared with the relative abundance of the SMC and the LMC.

This comparison is made in Table 3.2.

Table 3.2: Metalicity of NGC 6822 from different sources, in comparison with the LMC and SMC

Reference Method Fe/H [dex]
Venn et al. (2001) A-type Supergiants -0.49
Kirby et al. (2013) Spectroscopy (RGB) 1.05
Sibbons et al. (2015) Photometry C-M type AGB stars -1.38
Tantalo et al. (2022) C-M type AGB Stars -1.25
Taibi et al. (2022) Spectrsocopy (RGB-Stars) -0.89
Pilyugin (2001) (SMC) HII regions -0.95
Cioni (2009) (SMC) C-M type AGB -1.25
Taibi et al. (2022) (SMC) Spectrsocopy (RGB-Stars) -0.94
Cioni (2009) (LMC) RGB -0.66

Solar per definition 0

Since the iron abundance of NGC 6822 is similar to that of the SMC, we initially assume

a metallicity like that of SMC for our stars. Todt et al. (2015), for instance, used Zsy/c = 0.2
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Zo to calculate grid models for the SMC. Therefore, we take the abundances from these grids
for the elements Fe, N, O and C. If the reader wants to know more about metallicities in NGC
6822, please read Taibi et al. (2022) and Massey et al. (1995). Taibi et al. (2022) gives an iron

abundance gradient in Barnard’s galaxy of

[Fe/H] = —(0.89+0.34) — (0.28 + 0.08) R, (3.4)

where R is the deprojected radius from the center of the galaxy in kpc. In Figure 3.3, one can see
the location of stars we selected for this research with respect to the galactic center. By using
SAOds9 it is possible to obtain the distance to the galactic center in arc minutes. To convert

this value into parsec, one can use the following expression:

X
tan(f) = D (3.5)

where x is the distance of two sources in the universe, D is the distance from us to these
two sources and 6 is the angle in degrees from one source to the other, as seen from earth.

A better explanation gives Figure 3.2. The calculated values
Figure 3.2: Schematic explana- as well as their iron abundance can be seen in Table 3.3. On

tion of angular distance. We its way to us, the light is absorbed by dust and deflected or re-

assume a right angular trian- emitted in different directions. This causes the light to lose

gle for this problem with the
geometrical advantage to use
formula 3.5. The black star
represents a target stars. The
eye represents the observer on

earth.

Center of

NGC 6822

S

energy and the object to appear dimmer and redder than it
actually is. This is called extinction and reddening, respec-
tively. The reddening in NGC 6822 changes with distance
from the galactic center (0.45 mag) to the outermost regions
(0.25 mag) (Massey et al., 1995). Schlafly & Finkbeiner (2011)
found that the mean reddening along the line of sight to be
E(B-V)=(0.2028 + 0.0098) mag. NGC 6822 moves with a he-
liocentric velocity of (-54.86+2.1) km-s™! (Namumba et al.,
2017). It is a negative velocity because it is moving towards
us. Therefore, we can conclude that our spectra are blue-
shifted.

Besides, to our observed stars, NGC 6822 has some other in-

teresting objects. Among them are some star forming regions, molecular clouds and H11-

regions which are marked in Figure 4.3. Because of these young regions, the low metallicity

and the amount of massive stars, it is a sought-after observational object.

In its center, Barnard’s galaxy has a bright point size X-ray source. It is assumed to be a black

hole binary system (Eskridge & Raymond E. (1997)).
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Table 3.3: Distance from the center of Barnard’s galaxy to the target objects with the calculated
iron abundance from equation 3.4. The errors which could occur here are mainly human made
and cannot really be estimated. Furthermore, these should be seen as minimal values since
in formula 3.4, R is the deprojected radius whereas we could only use a projected radius in
SAOds9.

Star name distance [arcmin] distance [pc] [Fe/H] [dex]
[AM85] NGC6822 3 4913 670 -1.15
[AM85] NGC6822 4 2.72 372 -1.10
[AM85] NGC6822 5 5.51 753 -0.99
[AM85] NGC6822 12 6.90 944 -1.08

Figure 3.3: This is an image from NGC 6822 , made via the help of hips2fits (Université de
Strasbourg/CNRS, 2023). It is a combined image, of DSS red and DSS blue, in grey scale. The
green circles mark our sample of WR stars. The middle magenta circle marks the center. The
length of the magenta arrows indicate the projected distance from the center to the star. These
distances are written in Table 3.3.
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https://alasky.u-strasbg.fr/hips-image-services/hips2fits

Chapter 4

Observations

The first difficulty one encounters when studying WR stars is finding them. Afterwords, follows
the challenge of observation. Both photometric and spectroscopic data must be reduced and
extracted to eliminate and/or reduce known sources of error. A comparison with the photom-
etry from the literature is necessary to find the luminosity of the star. However, literature and
observation can vary, and it is worthwhile to independently calculate the photometry using
the corresponding HST images. The whole area, for which we applied observation time, can be

seen in Figure 4.3.

4.1 Methods to detect WR stars

There are several ways to find WR

Figure 4.1: Filter system to find WR stars as in Arman- stars. Their emission lines make

droff & Massey (1985). them easy to distinguish from other

—T T T T T T T T T T stars which have absorption spec-

tra, usually. Nebulae can also appear

WC WN2 WNI CT . . . .
e via emission lines, but these are nar-

rower than those of WR stars. Ar-

mandroff & Massey (1985) give mul-

>
=
2 tiple examples on how to find WR
g
> stars:
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& we  pwwi cr a) lowdispersion objective-prism
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. Vo techniques,
,' V [H \
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; N\ Wpisseze b) interference-filter photography,
1
1
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c) spectroscopy in selected re-

I
4600 4700 4800 4900

WAVELENGTH () glons.

Armandroff & Massey (1985) performed interference-filter photography, by using a charge-

coupled device (CCD) with a set of 50 A-wide interference filters with optimal central wave-
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length to detect WR stars in NGC6822. These optimal wavelen