
MASTER’S  THESIS

MASTER OF SCIENCE PROGRAMME
in Space Engineering

Luleå University of  Technology
Department of Space Science, Kiruna

2005:324 CIV • ISSN: 1402 - 1617 • ISRN: LTU - EX - - 05/324 - - SE

2005:324 CIV

REGINA RIEGERBAUER

Nebular Spectroscopy of
Dwarf Irregular Galaxies

in Nearby Groups



 
 
 
 
NEBULAR SPECTROSCOPY OF DWARF IRREGULAR GALAXIES IN 

NEARBY GROUPS 
 
 
 
 

Regina E. D. L. Riegerbauer 
 
 
 

Master’s Thesis 
 
 
 

Program of Master of Science in Space Engineering 
 
 
 

Luleå University of Technology 
 
 
 

2003 
 
 
 

Supervisors: Ivo Saviane and Danielle Alloin 
European Southern Observatory 

3107 Alonso de Cordova, Vitacura/Santiago 19 
CHILE 

 
 



European Southern Observatory 

NEBULAR SPECTROCOPY OF DWARF IRREGULAR GALAXIES 
IN NEARBY GROUPS 

Abstract 

 

 
A number of dwarf irregular galaxies have been selected in the three most nearby
groups of galaxies: the M81, Centaurus A, and Sculptor groups. The final objective is
to establish whether there is a relationship between the luminosity and the fraction of
oxygen contained in dwarf irregular galaxies and for that homogeneous oxygen
abundances and near-IR luminosities are being collected. By comparison of
observations from different groups at considerably different interaction rates we are
hoping to clear up the debated luminosity-metallicity assumption for the case of dwarf
irregular galaxies. We have reduced, measured and analysed optical spectra of HII
regions of five dwarf irregular galaxies in the Sculptor group. Fluxes are measured and
corrected from reddening and electron temperatures and homogeneous chemical
abundances are obtained. The oxygen abundances normalised to hydrogen are
estimated with calculations that ranges between 2×10-5 and 33×10-5. The empirical
method based on R23 is also applied. We are now presenting the results for the
Sculptor group.  
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1. INTRODUCTION 

 
As my Master’s thesis I have taken part of a 

project led by the European Southern Observatory 
(ESO) which aims at understanding the dwarf 
irregular (dIrr) galaxies. The main objective is to 
conclude the debate if dIrrs has a luminosity-
metallicity (L-Z) relationship or not. Involved 
scientists are: Ivo Saviane (ESO), Enrico V. Held 
(OAPD), Valentin Ivanov (ESO), Danielle Alloin 
(ESO), Fabio Bresolin (IfA Hawaii), Yazan 
Momany (UniPD), R. Michael Rich (UCLA) and 
Luca Rizzi (UniPD, OAPD).  

So far two groups of dIrrs have been observed 
for this purpose, the M81 group and the Sculptor 
(Scl) group. The observations include optical 
spectroscopy to receive metallicities and IR imaging 
to receive luminosities. My project has been the 
handling of the spectra of the Scl group. Although I 
was not present at the observations of our objects, 
I had the chance to visit both the observatories of 
La Silla and Paranal and see how observations are 
performed. My assignment included data reduction; 
to treat the data so measurements are possible, 
making measurements and analysis of the spectra 
and finally matching them with the so far treated IR 
data that were at hand. This task involves working 
with different available astronomical software and 
to make own macros as well. This is my report. The 
outline is as follows: In section 2 and 3 an 
astrophysical background is given. The thought is 
to clear out why the project is run and explain the 
meaning of some concepts. I start at the Big Bang 
and follow the evolution until today’s questions 
concerning dIrrs and the L-Z relationship. Section 
4 explains the method of spectroscopy and how 
emission lines appear and in section 5 our samples 
of dIrrs are introduced. This is the introducing part. 
The report about the project itself starts at section 
6, with the observations. Then section 7 and 8 treat 
the data reduction and the measurements with 
correction for interstellar extinction. The resulting 
oxygen abundances, electronic temperatures and H 
luminosities are presented in section 9. Finally 10 is 
the last section which discusses the L-Z 
relationship and concludes the work.  

2.  GALACTIC CHEMICAL EVOLUTION 

 
Galactic chemical evolution (GCE) concerns the 

origin and distribution of nuclear species in stars 
and gas. Back in the beginning the Big Bang lead to 
initial abundances of Hydrogen, Helium and 
Lithium with mass fractions X≈0.76 for H, Y≈0.24 
for He and Z=0.00 for heavier elements. All other 
elements than H and He are by astronomers 
referred to as metals. As the Universe started to 
cool off, gas under the affection of gravitational 
forces, began to settle and pre-existing dark-matter 
halos formed protogalaxies and then stars. The 
birth of stars is caused by collapses of gas. When 
the temperature is high enough in the core 
hydrogen starts to burn there. This is the start of 
the nucleosynthesis. The period of burning H is 
where the star spends most of its life time, though 
the more massive the star is the sooner it is over. 
As H runs out the star becomes hotter and the core, 
now consisting of He contracts and then ignites. 
Depending on the initial mass it will reach a shell 
structure with more shells the more massive it is 
with the heaviest nucleus in the core and H in the 
last shell. For each element the process repeats. He 
leads to Li, C, Ne, O, N and C to Ca, Mg and Si. 
Finally Si causes a Fe-group of elements in the core. 
This is the last possible level. By now all nuclear 
binding energy has been extracted and contraction 
will not lead to further synthesis. When all fuel is 
used the star experiences a catastrophic energy 
crisis. For massive stars (>10 M

☼
) the end is fast. 

The core becomes a neutron star and the rest 
expels in a Super Nova (SN) explosion (Type II 
and others types). Thus the products are ejected 
into the Interstellar Medium (ISM). It is even 
possible that the most massive stars collapse into 
black holes with or without SN outbursts. Middle-
sized stars (1 - 9 M

☼
 ) undergo complicated mixing 

processes. Their products contribute to the GCE in 
carbon stars and planetary nebulae (PN), leaving 
the core as a white dwarf. More dramatic events for 
middle-sized stars may happen for close binaries. 
SNe Ia are believed to result from a white dwarf 
that accretes mass from a companion and thus 
ignites the CO core leading to iron isotopes. For 
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small stars (<1 M
☼
) almost nothing happens and 

they remain the same throughout time. 
A signature of star formation (SF), especially for 

massive stars, is an outflow of warm and hot gas. It 
is distributed in a shell-like structure that surrounds 
a lower-density cavity. In starburst galaxies these 
winds together with stellar winds and SNe make up 
a phenomenon called ‘super winds’. A starburst is 
very intense SF. This is how massive stars are 
generated. With massive stars there are soon - in 
astronomical time measured - SNe. Collisions 
between these different ejecta convert the kinetic 
energy to thermal energy, via shocks. More shock 
waves cause more SF and this results in a chain 
reaction. The pressure of the resulting hot gas is 
much higher than the surrounding so the gas 
expands, well out into the halo of the galaxy. One 
example for this is NGC 1569, a dwarf galaxy. Its 
starburst activity is presented with deep Chandra 
spectral imaging, Martin et al. (2002), Figure 1. X-
ray is the best mean for studying formation and 
expansion of starburst winds and in the figure one 
clearly sees how the current starburst is expelling 
almost as much O as contained in the whole galaxy 
and this way enriches the intergalactic medium 
(IGM). How common is this phenomenon? Is 
there a special type of galaxy that is a greater 
polluter of the IGM? Are they giants or dwarfs and 
what morphological type? GCE concerns the origin 
and distribution of nuclear species, but there are 
still many uncertainties in the underlying theory of 
stellar evolution, nucleosynthesis, mass loss etc.  
 

3.  THE IMPORTANCE OF BEING A DWARF 
IRREGULAR GALAXY 

 
Dwarf irregular galaxies (dIrr) are small galaxies 

with no rotational symmetry. The stars are bunched 
up and randomly distributed over the galaxy. 
Generally they are low luminous and very gaseous 
with H and He abundances close to primordial 
values. Their most important characteristic is the 
presence of ongoing SF. Different SF rates show 
ISM's at different chemical maturities but the low 

Figure 1. 27h Chandra/ACIS image / Martin et al. 2002. 
 

level of evolution makes many of these systems 
very similar to primeval galaxies. Therefore dIrrs 
are playing an increasingly central role in our 
understanding of the GCE. Issues like galactic 
winds and chemical enrichment of the ISM and 
IGM can be investigated in details and less 
complicated contexts than for giant galaxies. 
According to cold dark matter models dwarf 
galaxies were the first stellar structures to be 
formed. In the Local group (LG) they make up to 
60 percent of the galaxies. Evaluating the Universe 
after that number would imply that the dIrrs are the 
most common type of galaxies. Hence learning 
about their past history is crucial for cosmological 
purposes!  

To state if dIrrs might be the greatest polluters of 
the IGM we need to know how common metal 
enriched galactic winds are in this type of galaxies. 
In turn to answer that X-ray, for instance using 
Chandra, is one method at hand. That however 
implies 2 days of Chandra shutter time per galaxy. 
There is another way to go. 

 

3.1 The “closed-box” model 
 

The Simple model or the “closed-box” model is 
the first basic model of GCE. It assumes an 
isolated system, like a galaxy, with perfect mixing. 
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Figure 2. The Simple model of GCE. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Formulas of the simple model. 
 
The galaxy is compared to a box, see Figure 2. At 
the time t=0 the box is filled with primordial gas 
with mass G=Mtot. After some time a generation of 
stars is formed and after additional time they start 
exploding as SNe and return material to the ISM. 
The mass that will be excluded from further 
processing, meaning masses of low mass stars that 
survive and remnants is named S. The mass of the 
ejecta of metals returning to the ISM from the first 
generation of stars is assumed to be a fixed fraction 
of the mass S. We call it pS, where p is called the 

yield and is constant. For a second generation of 
stars there is a new mass S’ of long lived stars and 
remnants and a new mass pS’ of metals ejected to 
the ISM. As stars are formed continuously we can 
generalise the process so that we have S=S(t) which 
forms a new generations of stars, leaving dS of 
long-lived stars and remnants and metals, p·dS, as 
ejecta. At the time t=T the gas mass will be G = 
Mtot - S, where ZG is the mass of metals contained 
in the gas. After additional time the mass of metals 
in the ISM can be expressed as ZG+p·dS. 
Following the equations in the left column of 
Figure 3 we meet the first fundamental equation of 
the simple model for the GCE:  

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅=

µ
1lnpZ      (3.1) 

 
where µ = G/Mtot = G/(G+S) is the so called gas 
fraction. From the right column in Figure 3 we 
have the formula: 
 

p
G

dZ
dS

=      (3.2) 

 
which states that the mass in stars per unit 
metallicity is proportional to the gas mass; as G 
decreases there will be more stars at low metallicity 
than at high. Not one of the equations of the 
simple model, in Figure 3, shows that the 
metallicity has a dependence on the mass. It can be 
seen that the metallicity does not depend on the 
size of the box. Instead the relation is between Z 
and the gas fraction µ. When more gas is processed 
the gas fraction decreases and the metallicity 
increase. So we could expect that systems with less 
gas imply higher metallicities than systems with a 
lot of gas. But dIrrs have metallicities even lower 
than what is expected according to the simple 
model. And as for the case of dwarf elliptical (dE) 
galaxies, where no or very little gas is observed, the 
metallicity is also lower than it should be. The 
explanation is that that gas must have been 
removed. There are theories that dE’s are former 
open-system-dIrrs. NGC 1569 in section 2, pollutes 
the ISM like an open system and there are further  
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Figure 4. Wind model: relationship between the stellar metal 
abundance <Z> on the total galactic mass, in solar units, 
Larson (1974).  
 
examples, e.g. the Sagittarius dIrr (Saviane et al. 
2002). For these cases there are existing wind 
models. As a result they show a relation between 
the metallicity and the galaxy masses. Figure 4 
presents the first and still classical model of how 
energies from SNe cause outflows of gas that leave 
the galaxy with a relation between the average 
stellar metallicity <Z> and the total galactic mass 
(Larson 1974). This process is more efficient in 
low-mass galaxies because of their lower escape 
velocities. The two curves represent the 
uncertainties of the final µ.  To conclude: open 
systems imply galactic winds that carry away gas 
before it is processed, leaving a mass-metallicity 
relationship, though with low metallicities. Since 
the galaxy mass is a poorly known parameter the 
luminosity-metallicity (L-Z) relationship is 
considered instead of the mass-metallicity relation 
(Skillman et al. 1989). The mass-luminosity relation 
holds strongly for main-sequence stars; stars on the 
central sequence of the Hertzsprung-Russell 
diagram. Their energy comes from nuclear fusion 
when converting hydrogen to helium and as most 
stars spend their life time here the mass-luminosity 
relation is expected to hold well for populations of 
stars. To investigate whether dIrrs mostly behave 
like open or closed systems we want to find out if a 
Z-L relationship can be found.  
 
 
 

3.2 The luminosity-metallicity relationship 
 

With the publication of Skillman, Kennicutt & 
Hodge 1989 (SKH89) a L-Z relationship of dIrrs 
was established. The sample consisted of 20 nearby 
dIrrs of different environments chosen from 
Kraan-Kortveg et al. (1979). The oxygen 
abundances for each galaxy were averages over 
several HII regions and the luminosity, in the B-
(blue)-band, was taken from Kraan-Korteweg & 
Tammann (1979) and Sanage (1986a). The result is 
presented in Figure 5 and shows a strong 
correlation between the metallicity and luminosity.  
dEs are plotted as well. Further investigations have 
been made by other scientists, some with results 
not too different from SKH89 but also some 
presenting doubts in how strong that relationship 
really is. In 1998 yet another investigation was 
published. Hidalgo-Gámez & Olofsson (HGO98) 
declared that new calculations had been done that 
did not show any relationship. Their sample came 
from the Tully (1988) catalog and they had 
recalculated already published spectra. Of 15 dIrrs 
12 were in common with SKH89. HGO98 also 
defined criteria for what type of galaxy that could 
be defined as a dIrr in a try to reduce sources of 
errors: objects with cross section diameter <3 kpc 
and total magnitude MB>17 were chosen. Still 
absolute blue magnitude was used, but the distance 
determinations were newer and more reliable. 
Figure 6 shows their result for individual HII 
regions.  

The debate on the L-Z relationship for dIrrs has 
continued. The main concerns are that abundances 
are based on inhomogeneous data, no 
consideration is given to different environments, 
blue luminosities are used as tracers for mass and 
the scatter in distance modulus is unknown. To 
clarify this matter ESO started a project aimed to 
collect nebular oxygen abundances and near-IR 
luminosities from dIrrs in different nearby groups. 
The focus is laid on: 

 homogenous samples: observations performed 
with the same instruments at the same point of 
time and using the same methods for the 
reductions, measurements and analysis;  
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Figure 5. Relationship between oxygen abundances and blue 
magnitude for dIrrs (black dots) and dEs (white dots), 
Skillman et al. 1989. 
 

 
Figure 6. No L-Z relationship, Hidalgo-Gámez & Olofsson 
1998. 
 

 reduced distance ranges to avoid scatter in 
apparent modulus, which effects the final 
luminosities; 

 taking into consideration varying internal 
environments; 

 collect near IR-luminosities for all the objects. 
A difference is to use near IR luminosities instead 

of blue, because for low-mass irregular galaxies 
optical luminosities can be misleading as they are at 
different SF rates. For instance; a starburst dwarf 
galaxy can be as luminous in the blue as a more 
massive dwarf without ongoing SF. Near-IR 
measurements trace older stellar populations 
through gas and dust. Another advantage is that 

using IR luminosities reduces the scatter by the 
increased range of magnitudes. 

This report deepens into the collection of the 
oxygen abundances. The handling of IR-data was 
made by other scientists (Valentin Ivanov, ESO 
and Enrico V. Held, OAPD). More about 
luminosities can be read in section 9.3. Oxygen 
abundances are collected from optical spectroscopy 
of HII regions. This was my task. 
 

4.  SPECTROSCOPY 

 
In a passive science like astronomy, that extracts 

its information from incoming radiation, 
spectroscopy is a powerful tool to reveal physical 
properties like composition, temperatures, motions 
and densities of emitting sources. A substance 
emits spectral lines, at a particular wavelength, 
when it is heated and generates an emission line 
spectrum. When it is cooled it absorbs lines at 
exactly the same wavelengths, generating an 
absorption spectrum. Looking at a source of light 
and finding dark lines hence gives the chance to 
identify the gas through which the light passed. 
Each isotope of each atomic specie has a distinctive 
set of electron levels, hence the resulting transitions 
form a unique signature for identification. The 
wavelengths of the transitions are very precisely 
known with contribution from quantum 
mechanical calculations or laboratory 
measurements. Lines are generated in UV through 
optical to IR wavelengths. Depending on the 
objects and the objectives of the research there are 
different ways to perform spectroscopy.  

 

4.1 HII regions 
 

A nebula is defined as a diffuse aggregation of 
interstellar matter, mostly of gas but also dust. The 
word is Latin and means ‘cloud’. It is applied to a 
variety of objects visible either as bright, seen 
against a dark background; emission nebulae, or 
because they are dark and seen as silhouettes 
against light background; reflection nebulae. 
Emission nebulae, or gaseous nebulae, shine 
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because they are composed by gas that is ionized by 
UV radiation from nearby stars. Gaseous nebulae 
are classified into HII regions, also called diffuse 
nebula and planetary nebulae (PN). HII regions are 
regions of active SF caused by the brightest most 
massive and short-lived stars: O to OB stars. 
Throughout the nebula H is ionized: they are called 
‘HII regions’ because they contain mostly H+, but 
they also have strong emission lines of C, N, O and 
S. HII regions are traced in gaseous galaxies (spirals 
and irregulars). In spirals they are located 
preferentially along the spiral arms and in irregular 
galaxies they are randomly distributed. Planetary 
nebulae are shells of gas surrounding old stars that 
once were nuclear burning zones of giant stars but 
now are becoming white dwarfs. Typically these are 
considered hotter than galactic O stars and the 
consequence is a higher stellar temperature that 
implies a higher degree of ionization than HII 
regions do. But as they are less luminous than HII 
regions they are difficult to study in detail.  

4.1.1 Physical process 
Gaseous nebulae have emission-line spectra. As 

H is far most abundant the main energy input 
mechanism is photoionization of H in the ground 
level. The emitting stars emit Lyman photons in the 
UV. Each of them is capable to ionize a hydrogen 
atom (4.1). The liberated electron has a kinetic 
energy equal to the difference between the energy 
of the ionizing photon hν and the hydrogen’s 
ionizing energy 13.6 eV. This energy is shared with 
other particles through collisions and heats the gas. 
Eventually the electron recombines with a proton 
landing in an upper level and forms an exited atom. 
The resulting cascade down gives the hydrogen 
recombination line spectrum including the Balmer 
series in the visual (4.2). The range goes from UV 
to radio wavelengths. See Figure 7. 

 
)(EeHhH +→+ +ν    (4.1) 
νhHEeH +→++ )(    (4.2) 

 
HII regions have less than 1% of the hydrogen in 
neutral form. It is the high temperature of the 
emitting star that causes the high number of high-
energy-photons and thus the high nebular 

ionization. The low densities result in low 
recombination odds. Collisions between thermal 
electrons and ions excite low-lying energy levels of 
light ions, particularly those of nitrogen, oxygen 
and neon. They emit a “forbidden-line” spectrum, 
so called because the transition probabilities are so 
small due to low densities and high temperatures. 
This kind of interactions cannot even be well or at 
all reproducible under terrestrial laboratory 
conditions. (Helium undergoes processes similar to 
hydrogen, hence their emitted lines are not 
‘forbidden’.) The forbidden lines are noted with 
square brackets, e.g. [OII], [OIII], and carry a lot of 
information about the physical structure of the 
nebula, such as temperatures, densities and 
chemical compositions. The free electrons 
thermalize quickly by rapid collisions and establish 
the electron temperature which depends on the 
balance between heating and cooling. The gas is 
heated by the UV-radiation from the emitting star 
and the electrons are cooled when they lose energy 
in exciting the forbidden lines. The more heavy 
atoms the cooler is the nebula. 
 

 
Figure 7. Hydrogen Transition diagram. The Balmer lines 
are visible, the Lyman series is in the UV and the Paschen 
and Brackett series are in the IR.  
 

4.2 The spectrograph 
 

Spectra are produced by a spectrograph affixed to 
the telescope, which gathers the faint light from 
distant objects. The spectrograph consists of four 
parts: the slit/entrance aperture, the collimator, the 
grating or grism and the detector. The slit is placed 
in the focal plane of the telescope. Its purposes are 
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to reject the adjacent sky background to the object, 
hence reduce the noise, and to determine the 
wavelength resolution in the final spectrum for the 
cases when the slit is narrower than the telescope 
image. The collimator is a lens that converts the 
cone of light from the slit into a parallel beam. 
Between the collimator and the camera the 
diffraction grating/grism is placed. A diffraction 
grating is a substrate on which very narrowly-
spaced lines are etched to disperse the parallel 
beams into new images of the slit at a 
corresponding range of positions. A grism is a 
right-angled glass prism with a transmission 
diffraction grating deposited on the hypotenuse 
surface. An eventual filter is placed together with 
the grism. Filters are used for two main purposes: 
either to lower the overall intensity of the light or 
to restrict the wavelength range of the measured 
light. A detector records the spectrum, in 
astronomy that is primary a CCD (Charge-Coupled 
Detector). The CCD detects the light with high 
sensibility and quantitative response. It is basically 
an array of tiny light-sensitive diodes and the 
spectrum is digitally recorded directly and handled 
on a computer. 

Depending on which object that is going to be 
observed and what are the expectations of the 
investigation, astronomical spectroscopy can be 
done differently. For instance if the objects are 
faint or luminous, as for stars or gaseous nebulae. 
The coverage depends on what part of the entire 
spectrum that is to be observed. This is determined 
by the use of filters. Another basic question is how 
much resolving power or resolution that is needed. 
That depends on the chosen slit width and the 
dispersion of the grism. The resolution R is the 
power of a spectrograph to distinguish between 
adjacent spectral features. Numerically it is the ratio 
of the wavelength λ of a spectral line and the 
separation dλ between two just resolved lines: 
 

λ
λ
d

R =      (4.3) 

 
For instance, if there are spectral lines of interest 
that are close together in wavelength, one must use 
high dispersion to allow the lines to be separated. If 

not they will be blended and impossible to measure 
individually. Low resolution spectroscopy is 
particularly applied to faint objects, as is the case of 
dIrrs. The photon noise from the source and sky 
places a practical limit on the resolution which is 
adequate to reveal many strong emission lines in a 
nebular spectrum. 
 

 
Figure 8. Location of Sculptor (Scl), Centaurus A (Cen A) 
and M81 groups related to the Local group (LG). 
 

5.  LOCATION AND THE SAMPLES OF 
GALAXIES 

 
Galaxies are gravitationally bound to groups of 

galaxies. The home of our galaxy, the Milky Way, is 
in the Local Group (LG). The so called nearby 
groups are close enough to be studied in similar 
details as the LG. They are six in total, the LG 
included. Three of the nearby groups have been 
selected for our study: the M81, Centaurus A (Cen 
A) and Sculptor (Scl) groups. Figure 8 
demonstrates their location, seen from the earth. 
M81 is visible from the Northern hemisphere and 
the other two from the South. The environment 
within the groups differs greatly. The Scl group is 
the closest, connected to the LG at an average 
distance of 2.5 Mpc. It has a low mean galaxy 
density and no really massive galaxy. The main 
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members are five late-type spiral galaxies. With very 
low intergalactic interaction for the group the SFR, 
normalized to either luminosity or mass, is low 
compared to the LG and some dwarfs are 
suspected to evolve as nearly closed systems 
(Skillman et al. 2003a, b). M81 and Cen A are more 
or less each others’ analogs on each hemisphere 
equally distant; about 4 Mpc. They are also equally 
rich and dense, about two to three times as rich as 
the LG. M81 is very rich and active with ongoing 
star formation and a strong mixing of galactic and 
extragalactic features. Cen A has the largest 
dispersion of galaxy types observed of all the 55 
closest groups. 

Observations have been performed for dIrrs in 
the M81 and Scl groups. Cen A is at present 
uncovered. The sample from Scl consists of eight 
dIrrs and the one from M81 consists of nine. See 
Table 1 and 2 respectively, presenting coordinates, 
total observation time (hours), radial velocities 
(km/s) and total blue magnitudes (mag).  

The choice of Scl galaxies is based on results 
from Côte et al. (1997) who confirmed a number of 
dwarfs - mainly dIrr galaxies after visual, HI and 
HII survey. As dIrrs are very small and faint objects 
it is convenient to target those already confirmed in  
 
 
 
 
 
 
 
 

 
 
Table 1. Observed dIrrs of the Scl group.* 

 
 
 
 
 
 
 
 
 

 
Table 2. Observed dIrrs of the M81 group.* 

other publications. It saves observational time and 
there are fewer mistakes. Our investigation has 
similarities with the publication of Skillman, Côté & 
Miller 2003b (SCM03) and includes 5 dIrrs from 
the Scl group. Two of them are similar with our 
sample. The L-Z relationship they obtained is 
shown in Figure 9 and shows a milder relation than 
SKH89 with much scatter. These samples are 
compared and commented further in section 10.1. 
In the end of the report both optical and IR images 
of the main 5 dIrrs from Scl group that I worked 
with are presented, Figures 19-27. 
 

6.  SCL SPECTROSCOPICAL OBSERVATIONS 

 
Low-resolution long slit spectra were obtained 

with the imaging spectrograph EFOSC2 installed on 
the 3.6m telescope at the ESO observatory in La 
Silla, Chile. EFOSC stands for ESO Faint Object 
Spectrograph and Camera and EFOSC2 replaced 
EFOSC1. It is an instrument for low resolution 
spectroscopy and imaging: three modes for imaging 
and four for spectroscopy. There are three wheels 
with optical elements: slits, filters and grisms. The 
choices of slits are of 10 different widths; 0.5” –  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Galaxy                       RA                    DEC            EFOSC2          SOFI           V(r)          B   
   ESO-347-017  23h26m56.0s      -37d20m49s        2h  30m           1h             690±8       14.69    
   UGCA442  23h43m45.5s      -31d57m24s             ...                1h             267±8       13.6    
   ESO-348-009  23h49m23.5s      -37d46m19s             ...                1h               57±9       13.6    
   NGC59  00h15m25.1s      -21d26m40s        2h                    1h             382±60     13.12    
   ESO-294-010  00h26m33.4s      -41d51m19s      no emission                        117±5       15.6    
   AM 106-382  01h08m21.9s      -38d12m34s         2h                   2h             645±10     16.26    
   NGC625  01h35m04.2s      -41d26m15s              45m                30m     396±1       11.71    

ESO-245-005 01h45m03.7s -43d35m53s 2h 30m 1h 20m 395±6 12.7

*The radial velocities are in km/sec; the coordinates are J2000; velocities and total magnitudes  
have been provided by NED. 

Galaxy                        RA                   DEC              KAST          INGRID      V(r)           B   
DDO 42  07h28m54.6s      69d12m57s       1h 40m  1h 100±3         11.43    
KDG 52  08h23m56.0s      71d01m45s           10m  ...          113±5         16.5    
DDO 53  08h34m07.2s      66d10m54s      1h 30m  1h   19±10       14.48    
UGC 4483  08h37m03.0s      69d46m31s           40m  1h 20m 178             15.12    
KDG 54  09h22m25.2s      75d45m57s      1h 40m  ...          659±1         17    
DDO 82  10h30m35.0s      70d37m07s      1h 25m  1h         180±60       13.47    
NGC 1569  04h30m49.0s      64d50m53s      1h 30m  ...         -104±4         11.86    
NGC 3738  11h35m48.8s      54d31m26s      1h 30m  ...          229±4         12.13    
KKH 34 05h59m40.4s 73d25m40s 2h ... 110±2 17.1
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Figure 9. Skillman et al. 2003: a mild L-Z relationship with 
much scatter. 
 
10.0” with lengths of 5.0’. Eleven kinds of filters 
are available and there are 12 different grisms for 
slit-spectroscopy. The CCD on EFOSC2 is a 
Loral/Lesser thinned, AR coated, UV flooded, 
2048×2048 pixel ESO CCD #40. The pixel size is 
15µm with a cover of 0.157”/pixel of the sky. The 
resulting field of view is 5.4’×5.4’.  

The nights of observation: October 13 and 
October 14 2002, were stable and photometric. All  
5 galaxies were observed with grism #11 (blazed at 
4000Å) covering the wavelength range 3380-3570Å. 
In all cases a long slit of width 1.5” was used and 
no filters. Table 3 shows the number of frames 
obtained for each galaxy, the parallactic angle (P.A.) 
and exposure time. Bias frames, dome flats and 
HeAr comparison exposures were taken at the 
beginning of the nights. Standard stars observed 
were Feige 110 and LTT3218, selected from the 
catalogs of Massey et al. (1988), Massey & 
Gronwall (1990) and Hamuy et al. (1994), all 
observed with slit width 5.0” to avoid effects of 
atmospheric refraction. 
 

7.  DATA REDUCTION 

 
The data is reduced in order to make it possible 

to go further with measurements and analysis. The 
data reduction was performed using MIDAS 
standard techniques for long-slit spectra. ESO-
MIDAS is the acronym for European Southern 
Observatory Munich Image Data Analysis System. 
This is a big software package developed and 
maintained by ESO and it provides general tools 
for image processing and data reduction on 
astronomical applications, special packages for 
ESO instrumentation at La Silla and the VLTs 
(Very Large Telescope) at Paranal and other 

applications for photometry, image sharpening, 
statistics etc. MIDAS is UNIX based (Linux is the 
operating system run at all computers at ESO) and 
is command driven; MCL-MIDAS Command 
Language.  

The steps of data reduction are: bias/dark 
subtraction, flat field correction, wavelength 
calibration, sky subtraction with extraction of 
objects and flux calibration. Note that for each 
night separate calibration frames were taken, i.e. 
bias, dark, lamp flat and HeAr. The reductions for 
each night’s observations were parallelly performed 
with each of its frames. 
 

7.1 Reduction step by step 

7.1.1 Bias and Dark subtraction 
The bias and dark frames are used to remove 

noise that comes from read-out electronics and 
cosmic rays. The bias and dark frames are taken 
with the shutter closed, though bias has a zero 
exposure time, while dark frames correspond to 
long exposures. An average of several bias frames 
gives a constant that is being subtracted from all 
the images. Before the process is applied it is 
necessary to control the consistency of all the bias 
frames and that there are no gradients. In case of 
presence of gradients, a constant will not be 
appropriate and, instead of the average, the median 
is better to compute and to remove outliers. The 
result of the subtraction is a shift in the image 
brightness. 

7.1.2 Flat field correction 
Pixel-to-pixel variations of the CCD are corrected 

using the flat field. The flat field frames is made by 
illuminating a screen with a homogenous lamp and 
take an image of the screen. The idea is that by 
illuminating the CCD with a uniform source you 
see that any unevenness in the frame has to depend 
on the CCD. From all the flat field frames the 
median is computed and a polynomial (typically of 
degree 6) is fitted to it. Its expansion into a 2D 
surface is subtracted from the median and a master 
flat is built. In case of saturated pixels in the frame, 
these have to be removed. 



Regina Riegerbauer – Nebular Spectroscopy of Dwarf Irregular Galaxies in Nearby Groups 
 

 13

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3. Catalog of extracted spectra. 
 

7.1.3 Wavelength calibration 
The images are calibrated for a wavelength scale 

based upon a spectrum of a known source, in our 
case a HeAr (Helium-Argon) lamp. A 
transformation from pixel coordinate space (x,y) to 
linear spatial range (λ,s) is applied, allowing the 
correction of optical distortions. λ is the wavelength 
and s is a position on the sky along the slit. The 
degrees of the polynomials along the spectral lines 
and along the dispersion are both 6. Finally all 
objects were divided by the master flat and 
rebinned. 

7.1.4 Sky subtraction and extraction of objects 
The sky was created directly from the object 

frames. On either side of the object, sky windows 
were defined, implying that the objects were 
extracted at the same time and we got one sky 
frame from each object frame. The number of 
objects extracted for each galaxy can be seen in 
Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1.5 Flux calibration 
The standard stars are used for estimating a 

sensitivity function that is needed for the flux 
calibration. The standard observations from the 
two nights were reduced independently. When 
compared there appeared to be a difference 
between the two standards. So the final function we 
applied to our objects was the median of all 
response curves received from the different 
observations of he standard star LTT-3218, degree 
12.  
 

8.  CORRECTED LINE FLUXES 

8.1 Measurements of Scl spectra 
 

After completed data reduction we had 1D 
spectra ready to try to measure; one for each object 
for each galaxy. Compared to Table 3 not all 
objects could be extracted well, so in the end we  

Galaxy Object exp. time 13/10exp. time 14/10 P.A. Notes 
ESO-347-017 #1 3*1800 sec 2*1800 sec 270  
ESO-347-017 #2 3*1800 sec 2*1800 sec 270  
ESO-347-017 #3 3*1800 sec 2*1800 sec 270  
ESO-347-017 #4 3*1800 sec 2*1800 sec 270  
NGC59 #1 4*1800 sec  300  
NGC59 #2 4*1800 sec  300  
NGC59 (#3) 4*1800 sec  300 Not extracted 
ESO-245-005 #1 2*1800 sec 3*1800 sec 270 Oct 13 

300 Oct 14 

 

ESO-245-005 #2 2*1800 sec 3*1800 sec 270 Oct 13 

300 Oct 14 

 

ESO-245-005 #3 2*1800 sec 3*1800 sec 270 Oct 13 

300 Oct 14 

Not extracted 
from Oct 13 

AM 106-382 #1  4*1800 sec 270  
AM 106-382 #2  4*1800 sec 270  
AM 106-382 #3  4*1800 sec 270 Extracted from 

the two last 
frames 

NGC625 #1  3*900 sec 270  
NGC625 #2  3*900 sec 270  
NGC625 #3  3*900 sec 270  
NGC625 #4  3*900 sec 270  
NGC625 #5-#7  3*900 sec 270 Not extracted 
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had about 17 spectra, Figure 10 and 11. The 
software used for measurements was the graphical 
user interface XAlice in the long-slit package of 
MIDAS. The continuum is defined for each 
spectrum by fitting a polynomial to it, usually of 
degree 3-5. Then the flux for each emission line is 
measured by integration and is gathered in a table 
together with the uncorrected wavelength, the 
continuum level, the FWHM, the equivalent width 
(EW) and the error. Some lines lie very close to 
each other and can not be completely resolved (or 
there is the case of emission lines in absorption 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
lines). These lines, NeIII (3868) / H8 (3889), Hγ 
(4340) / [OIII] (4363) and [SII] (6716) / [SII] 
(6731), were separated by fitting a Gauss-curve to 
their fluxes. The spectra selected for all galaxies are 
shown in Figure 10 and 11. Gauss-fits of Hγ (4340) 
/ [OIII] (4363) are shown in Figure 12. Figure 10 
shows spectra from HII regions of the galaxies AM 
106-382 and ESO-245-005. Even though Table 3 
indicates that we had three spectra from AM 106-
382 only one was of any use. In this spectrum it is 
obvious that it is a very faint object that only has a 
few and weak emission lines. In the spectra of 

 Figure 10. Spectra from AM 106-832 and ESO-245-005.
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ESO-245-005 there is a lot of noise, which can be 
explained with the place of the HII regions, see 
Figure 21. The noise increases the further away 
from the galaxy center observations are performed. 
Figure 11 shows the spectra from ESO-347-017, 
NGC59 and NGC25. These spectra contain less 
noise than the previous HII regions’ and their first 
measured HII regions have strong and more easily 
measured emission lines.  

The continuums are not flat but are higher 
towards shorter wavelengths. This is a typical 
profile of this type of region with hot stars of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
mainly type O and OB, which are strong in the blue. 
Note the strongest lines: the oxygen lines [OII] 
λλ3726, 3729 ([OII] λ3727) and the [OIII] λλ4959, 
5007, but of course also Hγ (4340), Hβ (4861) and 
Hα (6563) with peaks in an increasing straight line.  

8.1.1 Correction for absorption 
A clear signature of a population of young and 

intermediate age stars is the presence of the Balmer 
series in absorption in the optical spectrum. A 
complication is that in star forming objects 

 Figure 11. Spectra from ESO-245-005, NGC 59 and NGC 625.
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Figure 12. Gauss-fits of Hγ(4340)/[OIII](4363) for objects 
from all galaxies but AM 106-832, which was too faint. 
 
the Balmer emission lines from the ionized gas 
appear superimposed to the stellar absorption lines. 
For a correction for underlying stellar absorption of 
the hydrogen lines the equivalent width (EW) is 
used, see Figure 13. It is a standard measure of 
emission and absorption line fluxes relative to the 
continuum and is defined as the section of surface 
between the continuum and zero level, having a 
surface equal to the emission/absorption line: 
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  (8.1) 

 
I(λ) is the line profile level and IC(λ) is the 
continuum level. For the case of absorption the 
expression can be simplified to:  
 

CI
FEW =      (8.2) 

 
where F is the line flux. The EW for absorption 
lines is typically 1-2 Å. We assumed an EW of 2 Å 
for all H-lines and added a corrected flux of F=2·IC 
to each of them.  

 
   Figure 13. Demonstration EW and FWHM. 

8.1.2 Normalization 
The fluxes of all lines in a spectrum are always 

normalized to the flux of Hβ, the usual nebular 
standard reference line. Either the flux of Hβ is put 
to 1 or to 100. We chose 1. 
 

8.2 Interstellar extinction and reddening 
 

The main components of the ISM are gas and 
dust. Their effects on light from stars and nebulae 
are called interstellar extinction. The light is 
especially scattered in the blue as that wavelength 
has comparable size to the dust grains. Hence the 
extinction reddens the light from the star or nebula. 
In a symbolic way the flux measured could be 
expressed as: Fmeasured = Finitial - Fabsorbed - Fscattered + 
Fscattered_towards_us. The amount of light from the source 
that is reduced can be expressed with the equation:  

 
λτ

λλ
−⋅= eII 0     (8.3) 

 
where Iλ is the intensity observed and Iλ0 is the 
intensity that would be received in the absence of 
interstellar extinction. τλ is the optical depth of the 
observed wavelength. This is a good approximation 
for nebulae that do not contain interstellar dust 
themselves, but it is incorrect when nebular light is 
scattered in and out of the observed ray. Also note 
that the extinction has both galactic and 
extragalactic components. The wavelength 
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dependence of the interstellar extinction is 
approximated so that: 

 
)(λτ λ fc ⋅=     (8.4) 

 
where the constant c depends on the star but f(λ) is 
the same for all stars and can be determined 
empirically. This is a mean extinction curve, as if 
the distribution of dust was uniform, however 
observations show variations between different λ. 
In any case the approximation is good enough, as 
the variations are largest in the UV. The most 
widely way practiced to determine reddening is to 
measure the ratios of two HI Balmer lines as they 
are strong and occur in the visible spectrum. They 
give an estimation of the error of the measurement 
of reddening and of the effect of stellar absorption. 
Preferably the lines used should be a pair from the 
same upper level so the intensity ratio only would 
depend on their transition probabilities, for 
instance the [SII] lines. Hα/Hβ, Hβ/Hγ etc. work 
well even though the upper levels are not the same 
since the relative intensively of the line ratios do 
not differ greatly at different temperatures. So the 
effect of reddening can be written as: 
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But for convenience the exponential base is taken 
to 10 instead of e: 
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Then C=0.434c (1/ln10=0.434). The theoretical H 
lines used for our corrections came from Hummer 
& Storey (1987) and the extinction curve from 
Cardelli, Clayton & Mathis (1989). An electron 
temperature  Te=10000K was assumed.  
 
 
 
 

9.  RESULTS 

 
There are different methods to derive nebular 

abundances. We mainly used the so called “direct” 
method, Shaw & Dufour (1995), which requires 
values of the electron temperature. The results we 
focus on in this report are from this method, but 
we also tried other one: the so called empirical 
method based on R23, McGaugh (1991), Pagel et al. 
(1979). We also tested a third model, the so called 
photoionization modelling method, Ferland et al. 
(1998), but no results are presented here.   
 

9.1 The electron temperature 
 

The electron temperature is a measure of the 
balance between heating and cooling. Kinetic 
motions of particles are characterized by the 
frequency of their collisions. The free electrons 
collide with other electrons, ions and neutral 
particles and cause bound electrons in the ions to 
excite to an upper level. Different upper levels, 
because of the varying energies of the electrons 
cause different emission lines. The electron 
temperature is obtained through calculating the 
ratio of Te-sensitive lines in spectra. The lines of 
[OIII] represent the best example, but also other 
forbidden lines like for instance [NII] are in use. 
The energy-level diagram of this ion is shown in 
Figure 14. It shows the transitions causing the lines 
[OIII] λ4363, from the 1S level, and [OIII] λλ4959, 
5007, from the 1D level right under. The λλ4959, 
5007 lines in HII spectra are strong but [OIII] 
λ4363 is relatively weak and in addition it is very 
close to the Hγ (3458) line. As was seen in section 
8.1, λ4363 was resolved using a Gaussian fit (Figure 
12).  

 

 
Figure 14. OIII transitions. 
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In the cases when these lines are measured the 

electron temperature can be calculated. Using the 
method of Seaton (1975) following equations are at 
hand:  

 
The intensity ratio of the [OIII] lines is: 
 

)4363(
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Te and the electron density Ne are assumed to be 
constant because then R can be equated to the ratio 
of emission rates giving the formula including Te: 
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represents a rate coefficient for the electron impact 
excitation of positive ions. Ne is measured in cm-3 
and Te in K. To get Te from these equations we had 
to give an initial value of Te and estimate a value for  
Ne. Typical electron (kinetic) temperatures in HII 
regions lie between 8000K – 20000K, so we started 
at  Te=10000K. Ne usually varies between 100 and 
1000 cm-3 but it does not affect the temperature 
much at all. That was proven as we computed Te: 
the difference was not even larger than 1 K. The 
value we chose then was Ne=1000 cm-3. Our 
temperatures for all objects were λ4363 was 
measured are presented in Table 4. The errors are 
derived from the emission line uncertainties and do 
not include temperature variations within the [OIII] 
zone. 
 

Galaxy, object Reddening C Electron 
Temperature Te 

Error: Te+ Error: Te- 

AM0108-382 obj1 0.007 ± 0.064 37044 +22430 -8062 

AM0108-382 obj2 0.046 ± 0.191    

ESO 245-005 obj1 oct13 -0.156 ± 0.106 14960  -4073 

ESO 245-005 obj2 oct13 -0.076 ± 0.136 22951  -7250 

ESO 245-005 obj1 oct14 -0.134 ± 0.043 12878 +16792 -2339 

ESO 245-005 obj2 oct14 -0.134 ± 0.043 13191  -3932 

ESO 245-005 obj3 -0.006 ± 0.097 38270  -14979 

ESO 347-017 obj1 -0.110 ± 0.017 12026 +950 -691 

ESO 347-017 obj2 0.029 ± 0.047 21913 +3076 -2059 

ESO 347-017 obj3 0.335 ± 0.110    

ESO 347-017 obj4 0.175 ± 0.119    

NGC 59 obj1 0.113 ± 0.011 10814 +582 -458 

NGC 59 obj2 0.330 ± 0.073    

NGC 625 obj1 0.060 ± 0.042 10691 +3196 -1258 

NGC 625 obj2 0.024 ± 0.008 9390 +1586 -819 

NGC 625 obj3 0.271 ± 0.037    

NGC 625 obj4 0.299 ± 0.040    

Table 4. For all spectra: reddening constants and electronic temperatures, where [OIII](4363) was measured, 
with positive and negative errors respectively.      
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Since the value of the density Ne does not affect 
the temperature no further calculations were made. 
Otherwise Ne is received by comparing the 
intensities of two lines of the same ion emitted by 
different levels, with nearly the same excitation 
energy. The best examples are [SII] λ6716/λ6731 
and [OII] λ3729/λ3726, if the resolution is high 
enough. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

9.2 Oxygen abundances 
 

The measurement of metallicity is the relative 
abundance O/H when measured by nebular 
astronomers (and Fe/H for stellar astronomers). As 
the elements are formed in different processes, 
consequent in different stellar mass ranges, a 
secondary element relates to its precursors in 
certain ranges. Secondary elements are all that in 
order originate from H, which the protostar once 
was formed out from (GCE, section 2).  
 

Galaxy,  
object 

(O+/H) (O++/H) O/H 12 +log(O/H) Emp. (O/H) Emp. 
12 + log(O/H)

AM 108-382 
obj1 

 0.363 ± 0.006 0.36  ± 0.01 6.556 2.456  ±  0.167 7.465 

AM 108-382 
obj2 

23.91 ± 
1.916 

0.809 ± 0.279 24.72 ± 2.20 8.393 0.168  ±  0.089 6.224 

ESO 245-005 
obj1 oct13 

3.721 ± 
0.345 

1.898 ± 0.105 5.62 ± 0.46 7.750 2.758  ±  0.188 7.557 

ESO 245-005 
obj2 oct13 

 0.654 ± 0.0199 0.65 ± 0.02 6.813 2.309  ±  0.218 7.507 

ESO 245-005 
obj1 oct14 

4.981 ± 
0.138 

2.927 ± 0.108 7.91 ± 0.46 7.898 2.871  ±  0.109 7.558 

ESO 245-005 
obj2 oct14 

5.094 ± 
0.019 

2.279 ± 0.070 7.37 ± 0.09 7.867 2.296  ±  0.142 7.471 

ESO 245-005 
obj3 

 0.221 ± 0.029 0.22 ± 0.03 6.342 1.549  ±  0.144 7.219 

ESO 347-017 
obj1 

9.105 ± 
0.104 

7.465 ± 0.279 16.58 ± 0.38 8.220 6.993  ±  0.093 7.897 

ESO 347-017 
obj2 

 1.958 ± 0.028 1.96  ± 0.03 7.292 7.849  ±  0.304 7.910 

ESO 347-017 
obj3 

57.42 ± 
2.285 

4.375 ± 0.532 61.80 ± 2.82 8.791 1.806  ±  0.252 7.257 

ESO 347-017 
obj4 

35.56 ± 
1.840 

3.348 ± 1.415 38.91 ± 3.26 8.590 1.486  ±  0.238 7.172 

NGC 59 obj1 7.877 ± 
0.095 

14.210 ± 0.312 22.09 ± 0.41 8.344 1.025  ±  0.10 8.014 

NGC 59 obj2 25.25 ± 
0.843 

11.352 ± 2.496 36.60 ± 3.34 8.563 6.231  ±  0.496 7.795 

NGC 625 obj1 9.860 ± 
0.474 

12.469 ± 0.383 33.70 ± 0.67 8.528 8.442  ±  0.462 7.930 

NGC 625 obj2 18.489 ± 
7.926 

15.221 ± 0.495 33.71 ± 8.42 8.528 6.207  ±  0.046 7.795 

NGC 625 obj3 28.825 ±  
4.632 

7.814 ± 0.078 36.64 ± 4.71 8.564 3.737  ±  0.125 7.573 

NGC 625 obj4 46.179 ±  
16.109 

4.263 ± 0.439 50.04 ± 16.55 8.699 1.838  ±  0.074 7.264 

Table 5. 1) Relative oxygen abundances received by the direct method: O+, O++, total abundances and  
12 + log(O/H). 2) Relative oxygen abundances received by the empirical method: total abundances and  
12 + log(O/H). 
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Abundances can be derived from their relative 
strengths of their emission lines. This is on bases of 
a model of the structure of the nebula. The 
simplest model assumes constant Te and Ne over 
the nebula. We derived the oxygen abundances 
with the “direct” method using the IRAF 
nebular package, Shaw & Dufour (1995). IRAF 
is the abbreviation of Image Reduction and 
Analysis Facility. If MIDAS is ‘European-made’ 
IRAF is American, but this is the software system 
generally most used among astronomers. Just like 
MIDAS it includes many different programs for 
image processing and data reduction and analysis 
on astronomical applications etc. However IRAF 
extends even further. There are also external 
packages for data handling from among others the 
Hubble Space telescope (optical) and Chandra (X-
ray). IRAF is UNIX based and command driven. It 
also includes complete programming environments. 
The task ionic in the nebular package makes use of 
the N-level atom approximation to compute line 
emissivities, level population and ionic abundances 
relative to H+. To obtain abundances with the 
direct method the Te has to be known. Then the 
abundance of any ion relative to H+ is derived from 
the ratio of the intensity transition λ to the intensity 
of Hβ compared to the theoretical emissivities:  
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where ε(λ) represents the emissivity of the given line 
λ. For low-density collisionally excited ions the 
theoretical emissivity is:  
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where Ni is the number density of the ion in 
question, h and k are Planck's constant and 
Boltzmann's constant respectively, ν is the 
transition-frequency, Ω represents the electron 
collision strength, g is a statistical weight of the 
lower energy level and χ is the difference of 
energies between the two electronic levels. Ionic 
abundances for O+, O++ and total abundances 

O/H=O+/H++O+/H+ for all objects are presented 
in Table 5 (provided that all O lines could be 
measured). The weak points in the direct method 
are that the model assumes a uniform electron 
temperature and density and disregards other 
heating sources in addition to photoionization. 
Usually only a few of the HII regions in a dIrr are 
observable and in even fewer [OIII] λ4363 is bright 
enough to be well measured. That line is also 
exposed to possible contamination by terrestrial Hγ 
emission which further affects the Te. This makes it 
difficult to test the level of abundance variations. 

9.2.1 The empirical method 
Gaseous nebulae are faint objects so it is not 

always possible to measure all emission lines and 
then find a value for the temperature. Of this 
reason empirical methods are developed. The 
‘bright line method’, also simply called the 
‘empirical method’, derives abundances from the 
brightest lines in the spectra, Pagel (1979), 
Edmunds & Pagel (1984). Using this method the 
total oxygen abundance is given by the parameter 
called R23: λ3727 + λ4959 + λ5007 (the strong 
oxygen lines) relative to Hβ. We tried this method 
as well. But when comparing the results to the ones 
received from the direct method we had large 
differences in the values, see Table 5. For a 
graphical view compare the two plots in Figure 15. 
We are not the only ones who suggest a new 
investigation of the applicability of different 
methods in use, Skillman et al. (2003).  
 

CLOUDY, Ferland et al. (1998), a tool based on 
the so called photoionization method was also 
tested. But the first results did not resemble either 
those of the direct method or those from the 
empirical. Because of lack of time we did not 
investigate this further.  
 

9.3 IR luminosity 
 

The luminosity L is defined as the intrinsic or 
absolute brightness of a star or another celestrial 
body, meaning the total outflow of power: energy 
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per second. It is related to the body's surface area 
and can be expressed with Stefan Boltzmann’s law: 
 

424 effTRL σπ=     (10.1) 

 
where R is the radius, σ is Stefan Boltzmann’s 
constant and Teff is the effective temperature. The 
effective temperature is the temperature that is 
characteristic of a surface region, in fact that of a 
blackbody. Stars can be seen as black bodies since 
their stellar gases are such good absorbers of energy. 
The luminosity of a body is often expressed as a 
fraction of the sun’s luminosity, LS=3.9·1026W. The 
ratio is given by: 
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where MS and M are total magnitudes of the sun 
and the body. The magnitude is a measure of a star 
or body’s brightness and is measured from the UV, 
over the optical to the IR spectrum. Luminosity is 
defined in terms of absolute magnitude M which is 
the apparent magnitude at a distance of 10 pc from 
the object. Otherwise the so called apparent 
magnitude m is the measure of the brightness of a 
star when observed from earth. It is important to 
point out the difference as a very distant luminous 
star may have a similar apparent magnitude as a less 
luminous star that is closer. Hence m depends on 
the luminosity, the distance D to earth and the 
amount of light absorbed by interstellar matter 
between the object and the earth. The two 
magnitudes are related by: 
 

0)(5log5 MmDAMm −=−⋅=−−  (10.3) 

 
where A is the interstellar extinction and (m-M)0 is 
called the distance modulus. D is measured in the 
unit pc. The brighter the objects are the lower is the 
assigned magnitude.  

Figures 24 - 27 show final IR images from SOFI 
of the 5 galaxies we worked on. They are compared 
to optical images. Optical images are dominated by 
the light from SF regions. Near-IR imaging has the 
power to reveal the ionizing stars (or clusters of 

stars) underlying gaseous emission. So what we see 
is the underlying stellar population and we 
therefore expect that using IR luminosity will take 
us closer to their ranking in mass. The arrows point 
to the HII regions observed with optical 
spectroscopy. To reach objects with faint surface 
brightness the sky contribution needs to be 
minimized. Then H, λλ 1.48-1.75 µm, is the best 
filter to use. The magnitudes for H are obtained by 
integrating the exponential profiles of the galaxies 
from the centre out to the last measurable pixel. 
If we relate equation 10.3 to our H-band 
measurements we get: 
 

HH AMMmH ++−= 0)(   (1.4) 
 
where H is the apparent magnitude, MH is the total 
magnitude and AH is the interstellar absorption in 
the H-band. At present the distance modulus (m-
M)0 is unknown for our objects. But if we assume 
that it almost is the same for each galaxy, then there 
is a direct relation between the luminosity and the 
apparent magnitude H. H for our galaxies is 
presented in Table 7. Even though the luminosity 
data is not completely treated these magnitudes 
should be fairly representative of each galaxy's 
luminosity. To have an idea of the magnitude of 
our objects relative to other famous celestial bodies 
see Table 6. 

 
Object / case Apparent magnitude 
The sun -26.72 
Full moon -12.6 
Venus as brightest -4.4 
Vega 0 
Saturn 0.6 
Naked eye at dark sites ∼6.5 
Our objects 9 to 14 
18h exposure with HST 30 

Table 6. Apparent magnitudes for various objects/cases. 
 

10. THE O/H-LUMINOSITY 
RELATIONSHIP 

 
We can now compare the spectroscopical and IR 

data we have. Let me first remind the reader that 
the objective of the project was to find out if there  
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Figure 15. Plot of oxygen abundances versus H 
magnitudes for all objects. Upper plot: the direct method; 
lower plot: the empirical method based on R23.  

 
is a relationship or not between the oxygen 
abundance and the luminosity, and not to 
investigate something that we already thought 
existed.   
 

10.1 Discussion of the L-Z relationship 
 

In Figure 15 the oxygen abundances of all our 
objects are plotted versus the H apparent 
magnitude. The first two things one notices is how 
the two plots differ from each other and how great 
the difference is between the objects that are from  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the same galaxies, in both plots. The difference 
between the results of the two methods can seem 
surprising considering that they should picture the 
same thing. As the methods are out of agreement it 
is difficult to answer the question if abundances are 
uniform or what are the variations. Working with as 
faint objects one has to accept some scatter. 
Nebular abundances are measured with accuracies 
of ∼10 – 20%, Skillman (1998). This is by nebular 
astronomers considered as well enough precision. 
When comparing the spectra of the different HII 
regions in Figure 10 and 11 one sees that object #1 
is appreciable brighter than #3 - #4 from the same 
galaxy and for these fainter objects no temperatures 
could be determined. But even some temperatures 
in Table 4 look a bit suspect. Temperatures in 
nebulae are never perfectly uniform as the models 
presume, instead there are fluctuations, and the 
larger they are the larger are the uncertainties of Te, 
hence the abundances. The objects with most 
reliable temperatures and least errors are therefore 
chosen for each of our galaxies. Their oxygen 
abundances in the form 12+log(O/H) are plotted 
versus H magnitudes in the upper of the two 
graphs of Figure 16. The abundances correspond to 
the luminosity and form a linear trend. The four 
most luminous objects follow each other almost as 
an exact relation with the exception of ESO 245-
005, the third one. The last one, AM 106-382 also 
makes a clear exception. That could be expected 
because its abundance is from the empirical 
method, since no temperature could be measured  

    Skillman et al. 2003b 
Galaxy H Te[OIII] (O/H) (O/H) corrected (O/H) original  
AM 106-
832a) 

14.29 37044 2.46 ± 0.17 … …  

ESO-245-
005 

10.86 14960 5.62 ± 0.46 … …  

ESO-347-
017 

11.85 12026 16.58 ± 0.38 13.74 ± 0.86 7.93  

NGC 59 10.25 10814 22.09 ± 0.41 … …  
NGC 625 9.04 9390 33.70 ± 0.67 19.19 ± 1.03 15.40  
ESO-471-
006 

11.60 14930 ... 7.27 ± 0.35 5.22  

Table 7. Luminosities and oxygen abundances in Scl group. The typical error on H is 0.1 mag. The oxygen 
abundances are expressed in units of 10-5.  
a)  Value for [(O+ + O++)/H+] comes from the empirical method based on R23. 
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Figure 16. Plot of 12 + log(O/H) versus H apparent 
magnitude. Black pentagons: direct method-abundances; 
white pentagon: empirical method-abundance; stars: corrected 
abundances from Skillman et al. 2003b.   
 
there. More data for low-luminous galaxies are 
needed to see regions from this galaxy fit into the 
relation. The lower plot in Figure 16 is almost 
similar to the one above, but abundances from 
SCM03 are also included here to make a 
comparison. Even though SCM03 also used the 
direct method their abundances for the objects we 
had in common are lower than ours. From their 
published fluxes we re-calculated the abundances 
and got new results, closer to our own values. They 
were still lower though, but the relation is 
maintained as is illustrated in the figure. In Table 7 
both the new and old abundances from SCM03 are 
listed. A reason why these abundances are lower 
than ours can be that they did not observe the same 
HII-regions. It is possible that their regions were 
located further out from the galactic centers. How 
the O/H-relation decreases the further out from 
the galaxy center the measures are done is 
investigated by Furguson et al. (1998), among 
others. More over this is the case for our galaxy 
ESO 245-005. With a look at the image in Figure 
21 it is easy to understand why the abundance 
diverges for ESO-245-005 as we see in Figure 16. 
The HII-region of ESO 245-005 definitely lies in 

 
Figure17. [OIII] 4363: new (black) and old (red) spectra from 
ESO-245-005 show that higher abundances are to expect for 
this galaxy than are presented in this report.  

 
Figure 18. [OIII] 4959, 5007: new (black) and old (red) 
spectra from ESO-245-005 show that higher abundances are 
to expect for this galaxy than are presented in this report. 
 
 
the outskirts of the galaxy and the luminosity was 
most probable observed in its center. Another 
disadvantage of observing in the outskirts of a 
galaxy is that the noise increases with lower surface 
brightness. In Figure 11 that is very clear, especially 
compared with the spectra in Figure 12. In October 
2003, my supervisor Ivo Saviane, had the 
opportunity to observe ESO-245-005 again. New 
observations from an HII region in the galaxy’s 
center gave new fluxes of the oxygen lines, see 
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Figure 17 and 18, where the black curves represent 
the old measurements and red represent the new. 
The total oxygen abundance should be about 2 
times the old one giving a 12 + log(O/H) value of at 
least 8 and putting the galaxy back on track in the 
relation in Figure 16. Further analysis of this data is 
in process. 

To estimate the scatter of the luminosity an error 
of 0.1 mag was approximated. No separate errors 
for H are yet derived. Comparing Figure 16 with 
SCM03 in Figure 9 the advantage of using near-IR 
luminosities is clearly shown: our galaxies cover 
almost 6 magnitudes in H, while the SCM03 sample 
spans only 3 magnitudes in B, which also increases 
their scatter. The impact of the unknown individual 
distance moduli is reduced in the H filter. 
 

10.2 Conclusions 
 

By optical spectroscopy and IR-imaging oxygen 
abundances and luminosities in the H-band were 
obtained for 5 dIrrs in the Sculptor group. These 
are the first results in an extensive project lead by 
scientists at ESO to clear out the relationship 
between luminosity and metallicity of dIrrs. For the 
Sculptor group such a relationship was found 
which supports earlier investigations stating this. 
This implies that galaxies of lower luminosity, 
presumably mass, lose their metals more easily than 
galaxies of higher luminosity, since their potential 
wells are shallower, referred to as open boxes. The 
chemical evolution of the IGM is then most 
probably dominated by dwarf galaxies. 
Theoretically present-day dwarf ellipticals once 
enriched the IGM in the early Universe (i.e. at high 
red shift), while dwarf irregulars (dIrr) still could be 
enriching it today.  

These results can be used as templates in further 
studies of galaxies, groups and clusters; the 
database that is being formed will be valuable in 
investigations of populations only accessible by 
10m-class telescopes (beyond 10 Mpc). 
 
 

10.3 Future investigations 
 

The IR data of the Scl objects is being completed 
and a paper is planned presenting the first results 
for this group. Continually it will be investigated 
whether different environments have effects on the 
investigated L-Z relationship. Observations and 
treatments of data from both the M81 and Cen A 
groups are in process. Further investigations of 
low-luminosity galaxies in the Sculptor group are 
also desired. More over two-band photometry of 
the resolved populations allows studying the 
colour-magnitude diagram to find distances to 
objects and to reconstruct the SF history of the 
galaxies. Extensions would preferably be to use the 
VLT:s in Paranal. 
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  Figure19. DSS NGC 625. 

 
 Figure 20. DSS NGC 59. 

 
 Figure 21. DSS ESO-245-005. 

 
 Figure 22. DSS ESO-347-017. 

 
 Figure 23. DSS AM 106-238. 
 

 
 Figure 24. SOFI H image NGC 625. 

 
 Figure 25. SOFI H image NGC 59. 

 
 Figure 26. SOFI H image ESO-245-005. 

 
 Figure 27. SOFI H image ESO-347-017. 

 
 Figure 27. SOFI H image AM 106-238. 
 
 Figure 19-27 are ranked with the brightest galaxy on the top of the page and the faintest on 

the bottom. Arrows indicate the HII regions where the spectra are taken. 
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List of abbreviations and physical symbols 

A Interstellar absorption 
AU 1 astronomical unit = 149 597 870 km 
BVI  Three color composite image: blue, green, red 
C Extinction/reddening constant 
CCD Charge-Coupled Detector 
CCE Cosmic Chemical Evolution 
Cen A Centaurus A group 
χ Difference of energies between two electron levels 
D Astronomical distance, measured in pc  
dE Dwarf Elliptical Galaxy 
dIrr Dwarf Irregular Galaxy 
DSS Digital Sky Survey 
EFOSC2  ESO Faint Object Spectrograph and Camera 2, mounted at the 

3.6 telescope at the La Silla observatory, Chile  
ESO European Southern Observatory 
ε Emissivity of emission line 
EW Equivalent width 
FWHM  Full-Width Half-Maximum 
G Gas mass  
GCE Galactic chemical evolution 
h Planck's constant 
H Apparent magnitude in the H band 
HII regions Diffuse nebulae, HII because they contain mostly H+  
HGO98 Hidalgo-Gámez, A. M., & Olofsson, K. 1998, A&A, 334, 45 
HST Hubble Space Telescope 
hν Photon: Planck's constant and the transition frequency 
IGM Intergalactic Medium 
IfA Hawaii Institute for Astronomy, University of Hawaii 
INGRID Isaac Newton Group Imaging Device: near IR camera at the 

4.2m W. Herschel telescope, La Palma Observatory, Canary 
Islands 

IR Infra Red radiation 
IRAF Image reduction and Analysis Facility 
ISAAC VLT Infrared Spectrometer And Array Camera 
ISM Interstellar Medium  
k Boltzmann's constant 
KAST KAST Double Spectrograph mounted at the Shane 3.5m 

telescope at the Lick/Shane observatory, California  
LG Local Group, the group of galaxies where Milky Way is  
L-Z Luminosity-Metallicity relationship 
M

☼ Sun mass 
MB Absolute blue magnitude 
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MS Absolute magnitude of the sun 
MH Absolute magnitude in the H band  
(m-M)0 Distance modulus 
mag Unit of magnitude 
MIDAS ESO Munich Image Data Analysis System 
µ Gas fraction 
Ne Electron density 
NGC New General Catalog 
OAPD Osservatorio Astronomico di Padova, Italy 
Ω Electron collision strength 
P.A. Parallactic Angle 
pc 1 parcec = 3.262 light-years = 206265 AU = 3.0857·1013 km 
PN Planetary nebula 
R23 Parameter of the ‘empirical method’: [OII]λ3727 + [OIII]λ4959 

+ [OIII]λ5007 relative to Hβ 
S Mass of stars and remnants 
Scl Sculptor group 
SF Star Formation 
SFR Star Formation Ratio 
σ Stefan Boltzmann’s constant 
SCM03 Skillman, E. D., Côté, S., & Miller, B. W. 2003b, ApJ, 125, 593 
SKH89 Skillman, E. D., Kennicutt, R. C., & Hodge, P. W. 1989, ApJ, 

347, 875 
SN Super Nova 
SOFI Son of ISAAC: IR spectrograph and imaging camera at the 

NTT telescope in La Silla, Chile 
τλ Optical depth of the observed wavelength 
Te Electron temperature 
Teff Effective temperature (black body) 
UCLA University of California, Los Angeles 
UniPD University of Studies of Padova, Italy 
UV Ultra Violet radiation  
VLT Very Large Telescope: four 8-meter telescopes in Paranal, Chile 
Z All elements heavier than H, He are by astronomers referred to 

as metals 
 




