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Scientific background

Scientific background

In the last decades supernova (SN) research has become tme rabst dynamically
developing fields of astronomy. Surveys dedicated to find mamsients lead to the disco-
very of more and more SNe every year, some of which does naitéitany of the known
categories. In the meantime, many open questions exist #@wlassic types, too, about
the nature of their progenitors, and the ongoing physiaatgesses during and after the exp-
losion. In the first half of my dissertation | review the clifisation of SNe, and describe the
most important properties of each type.

Supernovae play an important role in measuring extrageldistances. Both type la and
type Il SNe can be used for this purpose. With the help of tg8Ne the acceleration of
the expansion of the Universe has been proven. For thisttbguNobel-prize was awarded
to Brian Smith, Adam Riess and Saul Perlmutter in 2011. Hendiie applied methods are
based on empirical correlations and — as it was shown bydvatlkdl. (2012b) — the absolute
distances provided by different methods still suffer fropstematic errors at the 10-15%
level.

Type II-P SNe can also be used for distance measurement &hetwo possible techni-
ques: the expanding photosphere method (EPM, Kirshner &Kw874) and the standardi-
zed candle method (SCM, Hamuy & Pinto, 2002). The usage of Efjires photometric
and spectroscopic monitoring throughout the plateau plsaging at a very early phase.
The advantage of this method is that it does not need cablrasing objects with known
distances, it provides independent results. SCM requassihput data than EPM, but it is
based on an empirical correlation between the luminositytha expansion velocity in the
middle of the plateau, thus external calibration is neagssa

Both methods rely on the precise measurement of the expawslocity. Determining
its value is not trivial. The usual approach is to measuredgpler shift of the absorption
minima of certain lines. Mostly the Fe5169A or — at early phases — theHine is used for
this purpose. But among others, Dessart & Hillier (2005lmvwedd that the velocities mea-
sured this way can either over- or underestimate the phb&sgpvelocity. The difference is
phase-dependent and changes from one supernova to the other

Several authors (e.g. Poznanski et al., 2009) proposedpplécation of the cross-
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correlation technique. However, this method may lead th Bigstematic errors when app-
lied for spectra with P Cygni profiles. It might be useful ofby spectra having very low
signal-to-noise ratio.

The most self-consistent technique to measure photosp&ncity is probably the mo-
deling of the observed spectra with a code that uses radimtinsfer and hydrodynamics in
non-local termodynamic equilibrium (NLTE). This methodwever, requires a large amount
of computing power, so its application for a great numbermefcéra is time-consuming and
impractical. This approach was used only for a small samip&Ne so far. There are simp-
ler codes for SN spectrum modeling, suchsasiow, that use the approximation of local
thermodynamic equilibrium (LTE). During my work | examingte applicability ofsSynow

for measuring velocities and compared the results to thbsered via other methods.



Research methods

Research methods

In order to create models of the spectra of supernovae ancessume the expansion
velocity | used the parametrized spectrum-modeling ®deow, that has been written spe-
cifically to model SN spectra (Fisher, 1999; Hatano et al999 This program is based
on a few simplifying assumptions: the expansion of the ajechomologous, the photosp-
here radiates as a blackbody, the spectral lines are forbmeedhe photoshere due to pure
scattering. The code solves the radiative transfer usia&tibolev approximation.

| selected five type II-P SNe, that have well-sampled, goadityipublicly available data
throughout the plateau phase. | created models of theitrspeetermined their expansion
velocities, and used the results to apply the expandingogpbere method and obtain their
distances. With the help of these distances | could alsulzdtcertain physical parameters,

using equations that were determined from theoretical hsode

Results

1. In order to measure the expansion velocity of type Il sapesie | developed an auto-
mated method that can be applied for numerous spectra in b quicker way than
previous methods. This method uses streilow code. Changing multiple parameters
simultaneously, | created a large number of model speatidichose the best-fitting
one viax? minimization. In the next step, only the photospheric vitloparameter
was modified, the others were kept fixed. In this casgthminimization was done in
the vicinity of a certain line. At early phase thgHieature was used, while later, after
the appearance of the metallic lines, the ionized ironi(Hee, located at 5168 rest

wavelength was chosen to fit.

| applied this method for a large number of spectra of five tyffe SNe (SN 1999em,
2004dj, 2004et, 2005cs and 2006bp). | also measured tHeuitres using other met-
hods. This way | was able to compare the applicability of tileint methods, their
advantages and disadvantages, as well as the obtainet$ régalats & Vinkd, 2012)

2. | determined the correlations between the velocitiessuea viasyNow modeling
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and those obtained from the Doppler-shift of certain linesstablished an emirical
relation that describes the temporal evolution of the piteric velocity of type II-P

SNe. This equation makes the interpolation of the veloditywe possible, which can
be very useful in cases, when there are only a small numbebsd#reed spectra or
during the application of a distance measurement methodhafeiquires contempor-

aneous photometric- and velocity dat@akats & Vinkd, 2012)

. | calculated and refined the distances of the five congidgMe using EPM. The dis-
tances obtained from the velocities measured witRow were systematically longer
than those that were calculated using the Doppler-veéscdf certain lines, while they
showed good agreement with the distances of the host galdriermined via other

methods(Vinko et al., 2006; Taéts & Vinkd, 2012)

. Using the EPM distance of SN 2005cs | refined the calibnatibthe standardized
candle method. It was necessary because of the lack of arlevgg low-velocity SN

in the previous sample. Taking the new distance into ac¢deatculated the physical
parameters of the explosion. | showed, that these are in ggeskment with the ones
measured via the direct observation of the progenitor ohiadmages taken before
the explosion. The results show that the progenitor of SN628@vas a low-mass

(Mzams =~ 9 M), K3-K4 spectral type supergiar(fTakats & Vinko, 2006)

. | determined the photopheric velocities of the type llb ZX 1dh using theyNow
models | computed. Combining the data of the SN with those df2805cs that
also occured in the same host galaxy, M51, | refined the EPMriis of the galaxy
obtaining the value dd = 8.4+ 0.7 Mpc. The result is in good agreement with the one
| calculated for SN 2005cs using the photospheric velxitiem syNow modeling,

but has lower systematic erroJakats & Vinkd, 2012; Vink et al., 2012)
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