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Introduction

T Tauri stars are young variable stars, that are typically 1–2 million years
old. The name comes from the prototype star, T Tauri (now known to be
a multiple system) in the Taurus star-forming region. T Tauri stars are
typically found toward molecular clouds from which they formed. The in-
terstellar clouds, from which the stars form, collapse into a disk around
the protostar due to the conservation of angular momentum, which have a
size similar to that of our planetary system, typically a few tens or hun-
dreds of AU. T Tauri stars are pre-main-sequence objects in the process of
contraction to the main sequence along the Hayashi track, a luminosity-
temperature relationship obeyed by young stars of less than 3 solar masses
in the early phase of stellar evolution.

Young stars usually form in binary or multiple systems, and a recent
study found that the single star fraction can be as low as ≈40% for G-type
stars (Lada 2006). If the young star belongs to a binary system where the
separation is less than the radius of the disk, then the circumstellar structure,
and the initial conditions of star formation can be significantly affected. To
what extent the formation of planets is affected by the influence of binarity
on the structure of the circumstellar disk is an open question yet.

In my thesis I have conducted a detailed examination of various T Tauri
stars. I had the opportunity to observe the T Tauri system itself with one of
the highest spatial resolution instrument to date. I also analysed several T
Tauri binary and triple stellar systems backed up by high angular resolution
observations. The actual stellar evolution process of young stars is still not
very well covered by theoretical models, therefore our observation of the
multiple young stellar systems can be used to put constrains on the evolu-
tionary models. Observing the multiplicity of T Tauri systems is already
possible with the current level of technology.

My work was divided into three major parts: at the beginning of my
PhD I have started the work on a T Tauri binary survey, then had the op-
portunity to observe and analyse the prototype T Tauri system, and lastly
I have been involved in the Fly’s Eye project that could provide precious
photometry information on the young stars.



Motivation

My relationship with astronomy started in 2012, when Konkoly Observa-
tory had an opening related to the newly approved Fly’s Eye Camera Sys-
tem. I started at Konkoly in the Fly’s Eye group, later on I worked for a few
months on the software environment for VLT/MATISSE, before getting in
touch with high angular resolution techniques. It started with my inter-
est in the EMCCD camera that Konkoly Observatory had at its Piszkéstető
Mountain Station, because it was a nice piece of hardware with such a sen-
sitivity and speed that allowed us to take low-light pictures of stars at every
30–50 ms (a frame rate of 20–33 frames per second). The EMCCD cam-
era design makes it possible to do diffraction limited astronomy from the
ground by eliminating the distortion caused by Earth’s atmosphere. I have
learned that a follow-up survey of some T Tauri systems was done at MPIA,
Heidelberg in 2006–07, and it was then that I have decided to give it a go
and started working on T Tauri stars. The follow-up survey targeted T Tauri
binaries discovered in the early 1990s. They had numerous observations of
many systems, but the number of images with scientifically relevant quality
was 18 young T Tauri systems. They are from the nearby Taurus-Aurigae
star forming region, which is at ≈ 140 pc away. At this distance it is ex-
pected that orbital motions can be detected on a timescale of ≈ 20 years,
which made this data set a perfect candidate of a young multiple stellar
system research.

While working on the T Tauri binary survey, I have submitted an appli-
cation to the ESO Studentship Programme, which I have successfully won
in 2014. I have spent one and a half year at ESO, Garching (Germany) un-
der the supervision of Mario van den Ancker. Working at ESO opened the
possibility to submit telescope time proposals to the instruments available
at Very Large Telescope in Chile (VLT), and I had a successful science ver-
ification proposal for SPHERE, a new extreme adaptive optics instrument.
The observations with SPHERE formed the base of the paper on the proto-
type T Tauri system, and they also supplied new epochs for some of the T
Tauri stars I had in my T Tauri binary sample.



Methods and Instruments
My work revolves around the different high spatial resolution techniques,
that all aim to filter out the atmospheric effects that limit the seeing from the
ground. In the following we review those methods and instrument I used in
the course of this thesis.

Classical Imaging. Although classical imaging is usually not considered
to be a high spatial resolution technique, space observatories can provide
high resolution images with classical imaging and bigger telescopes can
deliver seeing-limited images as well. The seeing-limited images are usu-
ally not considered as spatially well resolved images, but they can provide
background information on the stars or systems in question (e.g. total flux,
spectroscopic data with different filters).

Lucky Imaging. We used the Astralux Norte lucky imaging system to
carry out a follow-up survey in 2006–07 as a second epoch of a previous T
Tauri binary survey from the early 1990s (Leinert et al. 1993). This system
operates on the Calar Alto 2.2m telescope and works by taking 10,000 im-
ages per object, exposing 30–50 ms for each image. Johnson I and SDSS i′

and z′ filters were used, since at the given exposure time and telescope size,
those are the optimal wavelengths (800–1000 nm) to minimize the effect
of the atmospheric turbulence. Then the Strehl ratios of the reference star
are measured in the images and the best 1–5% of the frames are selected,
which are composed into a final image using shift-and-add technique with
the Drizzle algorithm. This method selects the images in which the effect
of the atmospheric turbulence was the lowest (as the turbulences in the air
cells at the given wavelength operate at a longer time span than 30–50 ms),
allowing us to reach the diffraction limit of the telescope.

VLT. The Very Large Telescope array (VLT) is a facility of ESO, the Eu-
ropean Southern Observatory, located in the Atacama desert, Chile, and
consists of four Unit Telescopes (UT) with main mirrors of 8.2m diameter
and four movable 1.8m diameter Auxiliary Telescopes. The 8.2m diameter



Unit Telescopes can capture images of celestial objects as faint as magni-
tude 30 in a one-hour exposure.

VLT/NACO. NACO is an instrument installed at UT1 at VLT, which con-
sists of an adaptive optics system, NAOS, that is equipped with both visible
and infrared wavefront sensors, and CONICA, which is an infrared camera
and spectrometer attached to NAOS. This setup can provide Strehl ratios as
high as 50% in the K band for a point-like reference source with a visual
brightness of V=12.

VLT/SPHERE. SPHERE (Spectro-Polarimetric High-contrast Exo-
planet REsearch) is the extreme adaptive optics system and coronagraphic
facility at UT3 at the VLT. It is built to achieve high spatial resolution
imaging, low-resolution spectroscopic, and polarimetric characterization of
extra-solar planetary systems at optical and near-infrared wavelengths.

Summary
In my thesis I presented new results regarding multiple T Tauri systems. In
the first part, I have shown results on the prototype T Tauri stellar system
from observations obtained with VLT/SPHERE. In the second part, I con-
ducted systematic binary search for several multiple T Tauri systems over
a timespan of about 20 years. In the last part, I described the design of the
Fly’s Eye Camera System, a device targeted for time-domain astronomy.
My thesis showed that while young T Tauri systems can be very complex
systems, high angular resolution observations can provide useful data on
those systems. I have also shown that observing T Tauri binaries in the
nearby Taurus-Aurigae star forming region over a timescale of 20 years
can provide sufficient data to decide if those binaries are actually gravita-
tionally bound for half of the sample. I also described a possible future of
observing young stellar systems by introducing the possibility and useful-
ness of time-domain astronomy through the design concept of Fly’s Eye
Camera System.



Thesis points
1. Examining the young stellar system T Tauri as part of the Science Ver-

ification with VLT/SPHERE, I determined the orbital parameters of
the three components (T Tau N, T Tau Sa and T Tau Sb). Based on
near-infrared imaging and spectroscopy I confirmed the presence of
extended emission south of T Tau Sa, reported earlier in the literature.
The new narrow-band images show, for the first time, that this feature
shows strong emission in both the Br-γ and H2 1-0 S(1) lines. [1]

2. I have confirmed the orbital fits from previous works using the new
astrometric positions of T Tau Sb around Sa. I have demonstrated that
the current observations are consistent with a range of possible orbits
of T Tau S (the centre of gravity of Sa and Sb) around T Tau N. The
orbits range from a nearly circular orbit with a period of 475 years to
highly eccentric orbits with periods up to 2.7 × 104 years. [1]

3. The broadband imaging of T Tauri with SPHERE at 2.27 µm shows
that T Tau Sa is 0.92 mag brighter than T Tau Sb. It is in contrast
to observations from Jan. 2014 (when T Tau Sa was fainter than Sb),
from which I propose that T Tau Sa has entered a new period of high
variability. [1]

4. In the SPHERE images I have discovered a new tentative companion
south of T Tau N, at a distance of 144±3 mas. This tentative companion
is only visible in the integrated field spectroscopy images but not in the
classical Ks images and is not found in the earlier Kp- and H-band
images from the literature made by Keck/NIRC2. The likely reason
for the non-detection is the low contrast limit of the Keck images and
therefore the companion is lost in the sky background. I estimated the
absolute magnitude of the companion to be Jmag = 6.0 ± 0.4, from
which the mass of this stellar or sub-stellar companion is between 0.06
and 0.15 M� assuming an age of the system of 2 Myr. [1]

5. I have obtained and analysed multi-epoch observations of a sample of
binary and triple T Tauri systems at optical and infrared wavelengths



with high spatial resolution. Our data consists of observations acquired
in 2006–07 at Calar Alto using the AstraLux lucky imaging system and
data from SPHERE and NACO at the VLT. I compared these data with
earlier literature results from the 1990s. I have assembled a database
of the separation, position angle and contrast ratio of the systems. I
showed that, of our sample, ten stellar binary pairs orbit each other,
five pairs may show orbital motion, and five are likely common proper
motion pairs. [2, 3, 4]

6. Among the T Tauri multiple systems I found no obvious correlation
between the stellar parameters and binary configuration. The 10 µm
infra-red excess of the sample varies between 0.1 and 7.2 magnitudes
(similar to the distribution in single stars, where it is between 1.7 and
9.1), from which I concluded that the presence of the binary star does
not greatly influence the emission from the inner disc. [2, 3, 4]

7. I participated in the design of the Fly’s Eye Camera System, which
is a new device for time-domain astronomy. I mainly worked on the
optical setup with emphasis on remote control abilities, and data re-
duction methods. Analysing the capabilities of the Fly’s Eye Network,
I demonstrated that this system could provide us with high accuracy
light curves of T Tauri stars. [5, 6, 7, 8, 9, 10, 11, 12]
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