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Background

In my dissertation I studied those stages of star formation, which are observable at
optical wavelengths.

The sun-like star formation is divided into two main stages. More than 90% of
the stellar mass is built up in the main accretion phase. This phase takes ∼ 105

years. The spectral energy distribution of a protostar corresponds to a 50 − 100

K black body radiation. The cloud core collapses and protostellar accretion disk is
formed around the nascent star.

The Class I sources represent a short transition phase between the protostars
and pre-main sequence stars in the star formation process. The spectral energy
distribution consist of the stellar blackbody radiation and an infrared excess rising
with the wavelength. In the early stage of the pre-main sequence compared to
protostellar phase the accretion rate of the stars is greatly reduced, the newly forming
star is still embedded. Gas is accreted to the stellar surface from the accretion disk
along closed magnetic field lines. The accreting material produces strong emission
lines in the optical spectrum of the star. The most prominent line is the Hα emission
line, therefore this line is a good tracer of accreting stars. Along the open magnetic
field lines ionized gas with high angular momentum is thrown out of the system,
magnetocentrifugal wind develops. At the end of this stage, the wind blows off the
cocoon hiding the star, so the star becomes optically visible.

The pre-main sequence stars are called as T Tauri stars after the prototype. The
pre-main sequence stars are characterised by Class II spectral energy distribution.
The spectral energy distribution consist of two parts: a black body radiation from
the star and infrared excess decreasing toward longer wavelengths. The infrared
excess arises from the dusty protostellar disk. The star develops on the Kelvin–
Helmholtz time scale: the central temperature is growing during slow quasistatic
contraction, until it reaches the required 15 million Kelvin to the hydrogen fusion.
During the pre-main sequence evolution the circumstellar disk around the star is
constantly developing. The accretion rate slowly breaks down, the disk becomes
passive. Finally, planetary system is formed in the disk around the star, and the
remaining material of the disk is distributed. At this stage the star can be charac-
terised by Class III spectral energy distribution: the shape of the spectral energy
distribution looks like a black body radiation with little infrared excess. The star is
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named weak line T Tauri star.

Goals

During my PhD programme I studied the early evolutionary phase of Solar-type
stars based on observational data. The pre-main sequence stars were studied in two
aspects: spatial and temporal.

The Orion Nebula Cluster was the target of my spatial studies. High and low
mass stars are formed in this cluster at the same time. My goal was to identify new
Hα emission line stars and to examine whether slitless spectroscopy can add new
results about the Orion Nebula Cluster studied in detail.

In the temporal study I examined eight young stars with Class I and Flat energy
distribution. These stars are at the same evolutionary stage: between the protostel-
lar and pre-main sequence phases. The cocoon around the star is evaporated during
this phase in ∼ 104 years, so this can lead to violent variations. We monitored the
light variations of these young stars for several years, and optical spectra also were
obtained at different epochs. Our main goal was to identify the physical processes
that cause changes.

Observations and data reduction

Significant part of the results presented in the thesis is based on my observations.
During my work I spent a long time with observation and data processing.

I observed the Orion Nebula Cluster with the Wide Field Grism Spectrograph–2
(WFGS2) installed on the University of Hawaii 2.2-meter telescope. I used a 300
line/mm grism blazed at 6500 Å and providing a dispersion of 3.8 Å/pixel and a
resolving power of 820. The Hα filter had a 500 Å passband centered near 6515 Å.

Photometric observations spanning the time interval between 2008 and 2012
were performed with several telescopes. Most of the data were obtained with the
60/90/180 cm Schmidt telescope of the Konkoly Observatory. The other part of tha
data were obtained with the 1 m RCC telescope.

I used the National Optical Astronomy Observatory IRAF (Image Reduction
and Analysis Facility) and the FITSH software packages for astronomical image
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processing.

Theses

Hα emission line stars in the Orion Nebula Cluster

1. I identified 587 stars with Hα emission in a one square degree area centered on
the ONC, 99 of which have not appeared in previous Hα surveys. I determined
the equivalent width of the line for 559 stars, and based on it classified 372
stars as classical T Tauri (CTTS) and 187 as weak line T Tauri star (WTTS).
Compared with published data I found 2–3-fold variations in the equivalent
width of the Hα line for the greater part of our sample.

2. I studied the correlation between the equivalent width of the Hα line and other
properties of the stars and found the following:

• According to the slope of their spectral energy distributions over the 3.6-8
µm wavelength region, our CTTSs show Class II SEDs, characteristic of
optically thick accretion disks. The non-accreting WTTS sample splits
into a diskless (Class III) and a disked (Class II) subgroup.

• The CTTS of our sample have longer rotational periods than WTTS, in
accordance with theoretical results.

• I examined the X-ray counterparts of the Hα emission stars in the XMM-
Newton data base. I found that a much higher fraction of WTTS have
been detected in X-rays than of CTTS. I found that except for the rota-
tional period all measured variables have significant differences between
the X-ray detected and non-detected stars. The most striking difference
appears in the equivalent width of the Hα line (EW(Hα)): the X-ray
detected CTTS show much lower mean equivalent width than the non-
detected ones. This proves, that X-ray radiation is absorbed in the ac-
cretion columns.

Solar-type stars at the beginning of the pre-main sequence evolution
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3. PV Cephei, V1180 Cas, [KP93]2-1, [KP93]2-2, [K98C]Em*58 showed huge
light variations (2–4 mag) during our observing period. The variations were
caused by the variable accretion rate and variable extinction related to the
accretion. The NGC 7023 RS10, [ADM95] IRAS-6 and IRAS 02086+7600 sho-
wed only moderate (< 1 mag) light variations. Based on the colour-magnitude
diagram the light variations of NGC 7023 RS10 and [ADM95] IRAS-6 can be
well explained by variable extinction along the line of sight.

4. I determined the accretion rate of young stars based on the equivalent width of
Hα and infrared Ca II triplet lines using empirical relationships. The accretion
rate of PV Cephei, [KP93]2-1, [KP93]2-2, V1180 Cas and [ADM95] IRAS-6
are high (10−6 − 10−7 M�/yr) compared to the average accretion rate of T
Tauri stars (10−8 M�/yr), while the accretion rate of the NGC 7023 RS10,
IRAS 02086+7600 and [K98C]Em*58 are low (10−9 − 10−11 M�/yr).

5. It is supposed that PV Cephei and V1180 Cas are members of a new class
of eruptive stars. The amplitude of light variations is comparable to those
of FUors and EXors, but they differ from classical eruptive stars in several
respects: they exhibit Class I or Flat spectral energy distribution, high accre-
tion rate, spectrum with emission lines. The time scale of light variations are
distinct from classical eruptive stars. Variations are caused by changes in the
accretion rate and in the circumstellar extinction.

Conclusions

The main purpose of the PhD research work was to investigate the early evolution
of sun-like stars based the observation data.

Slitless grism spectroscopic method used in the Hα survey is an excellent tool
to examine the star-forming regions: I identified 99 new, previously undetected Hα

sources in the well-studied Orion Nebula Cluster, I also identified further 488 stars,
which were detected by previous Hα surveys. Comparing my Hα survey to previous
surveys, it is well demonstrated, that slitless grism spectroscopy is a powerful tool
to identify young Hα emission stars.

Based on the long-term photometric and spectroscopic measurements we iden-
tified the physical reasons underlying the observed changes in the case of seven
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Class I stars. Two members of a new class of eruptive stars were studied, as well.
The light variations of eruptive stars are similar in amplitude to brightness variati-
ons of EXors, but these eruptive stars are more embedded, probably younger than
EXors.
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