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1. Introduction

Classical Cepheids are variable stars with essential importance from both astrophysical and

cosmological points of view. These are massive giant- or supergiant stars that are located within

the Instability Strip on the Hertzsprung–Russell diagram (HRD), and they exhibit stable, periodic

light variation. This variability is due to radial pulsation that are excited and governed by the

astrophysical process called kappa-mechanism.

The importance of pulsating stars, especially Cepheids, isgiven by the fact that we can reveal

details on the internal structure and evolution of these stars by studying their oscillations. In cos-

mology they are mainly used as distance indicators, becausethe existence of the period-luminosity

relation discovered 100 years ago make them useful for measuring distances on extragalactic (i.e.

several megaparsecs) scale.

A small subgroup of Classical Cepheids contain stars that pulsate in two excited modes si-

multaneously. These are called double-mode, or beat Cepheids. Modeling these stars dates back

to the 1990s, and it was recognized quite early that the period ratio (P1/P0) depends strongly on

other physical parameters like effective temperature, mass, luminosity and metallicity. Neverthe-

less, checking the theoretical predictions with observations was limited for a while, because, for

example, having metallicity information for such stars requires high resolution, high signal-to-

noise measurements that are feasible only with modern state-of-the-art instruments.

By the beginning of the 21st century only about two dozens of double-mode Cepheids were

known within the Milky Way. On the other hand, hundreds of such stars were discovered in the

Large- and Small Magellanic Cloud by the MACHO and OGLE sky surveys. Unfortunately, due

to instrumental constraints, only the Milky Way (Galactic)Cepheids could be studied by high-

resolution spectroscopy to measure their metallicities directly. This is why new methods that at-

tempt to derive physical parameters, like metallicity, solely from photometry gained more attention

by now. My PhD dissertation focuses on studies related to these problems.

2. Scientific aims and methods

The aim of my work is to reveal new details on the metallicity dependence of the pulsational

properties of beat Cepheids.

Galactic beat Cepheids are so bright that their metallicities can be measured directly with high-

resolution spectroscopy using big telescopes. In 2004, ourforeign collaborators obtained such

measurements for 17 beat Cepheids using the FEROS spectrograph attached to the 2.2 m telescope

of the European Southern Observatory (ESO) at La Silla, Chile. 4 of our program stars have been

studied before only with photometry. After reducing and analysing these data, my work focused on

quantifying the correlation between the period ratio and metallicity that was revealed by theoretical

studies earlier.

At present, high-resolution optical spectroscopy is the best method for determining the che-
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mical composition of astronomical objects. The effective and reliable practical application of

this method requires observed spectra having both high resolution and wide wavelength cover-

age. Cross-dispersed echelle spectrographs are the most effective instruments for this purpose, that

is why the the FEROS spectrograph was used in my work. The reduction and calibration of digital

echelle spectra is a long and complex process that depends onnot only the technical specialities of

the instrument but also the astrophysical characteristicsof the studied objects. Thus, a significant

part of my work was devoted to the development of a pipeline for getting reduced and calibrated

echelle spectra taken with FEROS.

As an application of my results, I examined the double-mode Cepheids in the Large- and Small

Magellanic Cloud attempting to correlate their metallicities with the Fourier-parameters of their

light curves. Fourier analysis is a widely and extensively applied mathematical method for cha-

racterizing the shape of measured light curves, thus, I usedit for this purpose. After collecting

the existing photometric data from literature, first, I derived the Fourier amplitude ratios and phase

differences of the light curves that characterize the shapeof the light curves. After that I looked

for correlations between these Fourier-parameters and themetallicities obtained from period ratios

using the relation that I determined for the Galactic beat Cepheids.
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3. Results

1. New physical parameters and metallicities for double-mode Cepheids

• Using new high-resolution spectroscopic data I derived thefollowing physical parameters for

17 Galactic double-mode Cepheids: effective temperature (Teff), surface gravity (logg) and

metallicity expressed as the relative abundance of iron to hydrogen,[Fe/H] = log(NFe/NH)−

log(NFe/N H)⊙. These were the first spectroscopic metallicities for 4 of the program stars

that were studied before only photometrically. Years later, using more recent metallicity me-

asurements collected from literature, I derived homogenized metallicities for all the program

stars by bringing them onto a consistent metallicity scale reducing the systematic offsets

plaguing the early metallicity measurements.

Related publications:[1], [2], [3]

2. Period - period ratio - metallicity relation

• Based on new spectroscopic data I quantified and improved theperiod - period ratio - me-

tallicity (logP - P1/P0 - [Fe/H]) relation that is valid for beat Cepheids pulsating in the

fundamental mode and the first overtone simultaneously. By extrapolating the relation to-

ward lower metallicities I estimated the metallicities of double-mode Cepheids in the Large-

and Small Magellanic Clouds.

Related publications:[2], [3]

3. Photometric metallicities

• I collected photometric data for double-mode Cepheids in the Magellanic Clouds from the

online databases of the OGLE-III and OGLE-IV surveys. I madea sample of 98 Cepheids

pulsating in the fundamental and first overtone modes. Then Icharacterized the shape of

their light curves by computing the Fourier amplitude ratios and phase differences, and I

determined their[Fe/H] metallicities using the period - period ratio - metallicityrelation

mentioned above.

• I found that the main amplitude and theR21 amplitude ratio are the most sensitive photo-

metric parameters to metallicity. For the fundamental modethere is also a correlation bet-

ween metallicity and the phase difference between the main frequency and first harmonics

(ϕ21 = ϕ2−2ϕ1), although it was not significant for the first overtone, probably because of

the lower signal-to-noise of those data.
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• I pointed out that the previously published relations describing the connection between the

Fourier parameters and the metallicities of Classical Cepheids that pulsate only in the fun-

damental mode are not valid for the more metal-poor Magellanic Cloud beat Cepheids that

have shorter periods and lower amplitudes. Instead, I established new relations that predict

more reliable metallicities in this parameter regime.

Related publications:[4]
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