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Abstract

Cool giant and supergiant stars are among the largest and most luminous stars in the
Universe and, therefore, dominate the integrated light of their host galaxies. These stars
were extensively studied during last few decades, however their relevant properties like
photometric variability and mass loss are still poorly constrained. Understanding of these
properties is crucial in the context of a broad range of astrophysical questions including
chemical enrichment of the Universe, supernova progenitors, and the extragalactic distance
scale.

The atmospheres of evolved stars are characterized by complex dynamics due to different
interacting processes, such as convection, pulsation, formation of molecules and dust, and
the development of mass loss. These dynamical processes impact the formation of spectral
lines producing their asymmetries and Doppler shifts. Thus, by studying the line-profile
variations on spatial and temporal scales it is possible to reconstruct atmospheric motions
in stars and link them to the photometric variability and mass loss. The tomographic
method, which is based on the cross-sectioning through the stellar atmosphere and
recovering the velocity field for each atmospheric slice, is an ideal technique for this
purpose.

In this colloquium, I will present the tomographic method and its application to
spectroscopic and spectro-interferometric observations of giant and supergiant stars as
well as to state-of-the-art three-dimensional numerical simulations to constrain their
atmospheric motions on spatial and temporal scales and better understand respective
mechanisms responsible for their photometric variability and mass loss.
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RESEARCH EXPERIENCE

Oct 2020 — present Postdoctoral researcher
Mazx Planck Institute for extraterrestrial Physics

e Research: Tomography of evolved star atmospheres, stellar surface imaging us-
ing optical long-baseline interferometry, 3D radiative-hydrodynamics simulations
of evolved star atmospheres, multidimensional radiative transfer.

e Instrumentation:

- Installation and commissioning of the VLT /ERIS instrument at Paranal Ob-
servatory.

- Prototyping, assembly, integration, testing, and characterisation of the
ELT/MICADO instrument.

Aug 2019 — Sep 2020 Research Fellow
European Southern Observatory (Chile)

e Research (50%): Investigating atmospheric dynamics and convection properties in
red giant and supergiant stars using the tomographic method developed during
the PhD, high-resolution spectroscopic and interferometric observations, and the
predictions from 3D radiative-hydrodynamics simulations of stellar atmospheres.

e Observatory duties (50%): support astronomer at the Very Large Telescope Inter-
ferometer, VLTI/GRAVITY instrument fellow supporting the GRAVITY Instru-
ment Scientist to optimize the operation of the instrument.

Apr — Jul 2019 Postdoctoral Researcher
European Southern Observatory (Germany)

e Data reduction and analysis of VLTI/GRAVITY observations of cool evolved stars
in order to measure and compare their variability in the near-continuum and molec-
ular bands.

Mar 2018 — Mar 2019  ESO Studentship
European Southern Observatory (Germany)
Supervisors: M. Wittkowski, H.-U. K&ufl

e Combining  high-resolution  spectroscopic =~ VLT/CRIRES and  spectro-
interferometric VLTI/AMBER observations of Mira-type stars to investigate
their shock wave properties.



Feb 2015 — Mar 2019 PhD Researcher
Université Libre de Bruzelles (Belgium), Observatoire de la Céote d’Azur (France)
Supervisors: S. Van Eck, A. Chiavassa

e Development of a tomographic method to reconstruct atmospheric motions in stars,
validation of this technique on 3D radiative-hydrodynamics simulations of stellar
atmospheres, and application to the red supergiant star y Cep in order to constrain
its atmospheric motions and relate them to photometric variability.

[Link to the PhD thesis]

Mar — Jun 2014 MSc Internship
Observatoire de la Cote d’Azur (France)
Supervisor: A. Chiavassa

e Analysis of photometric observations of a transit of the exoplanetary system
WASP - 2. Modeling of the transit light curve using synthetic images from 3D
radiative-hydrodynamics simulations of stellar granulation showed that the stellar
activity influences the derivation of planetary radius and transit duration.

EDUCATION

Feb 2015 — Mar 2019 Ph.D. in Science
Université Libre de Bruxelles (Belgium)

Sep 2013 — Jun 2014 MSc in Astronomy, cum laude
V.N.Karazin Kharkov National University (Ukraine)

Sep 2009 — Jun 2013 BSc in Physics, cum laude
V.N.Karazin Kharkov National University (Ukraine)

INSTRUMENT OPERATION & TECHNICAL EXPERIENCE

VLT /ERIS instrument

Functional and performance testing of the ERIS/SPIFFIER sub-system in the laboratory.
Oct 2020 — present  Participation in the preliminary acceptance tests (Europe) and Assembly Integration
Verification (AIV) of the instrument at the Paranal observatory (Chile).

ELT/MICADO instrument

Cryogenic testing of prototype mechanisms of the instrument. Design of test setups for

Oct 2020 — present performance evaluation of cold optical subsystems of the instrument.

Very Large Telescope Interferometer, Paranal Observatory, Chile

2019 — 2020 Support Astronomer at the VLTI, 80 nights/year

Euler Telescope, La Silla Observatory, Chile

17 nights of observations with the high-resolution spectrograph CORALIE and the

Apr 2019 ECAM camera.


https://www.dropbox.com/s/0nbj0iyyag1fq0v/Thesis_FINAL.pdf?dl=0

APEX Observatory, Chile

12 nights of observations with heterodyne (P1230, FLASH) and bolometric (LABOCA)

Aug 2018 instruments.

Mercator Telescope, Roque de los Muchachos Observatory, La Palma, Spain

Apr 2017 10 nights of observations with the high-resolution spectrograph HERMES.

SCHOLARSHIPS AND GRANTS

2019 — present ESO Fellowship
European Southern Observatory (Chile)

2018 — 2019 ESO Studentship
European Southern Observatory (Germany)

The Fund for Scientific Research FNRS/FRIA to work on the PhD research

2015 — 2018 in Belgium
Scholarship for outstanding students and young scientists in the field of
2013 - 2014 .
physics and astronomy
V.N.Karazin Kharkov National University (Ukraine)
SKILLS
Programming Python, Fortran 77/90
Pipelines esorex, ESO reflex (AMBER, CRIRES, GRAVITY data reduction)
Languages Russian & Ukrainian (native), English (professional efficiency), German (basic)

SEMINARS AND TALKS

NYRIA (The Network of Young Researchers in Instrumentation for Astronomy) work-

Oct 2021 shop (virtual)

Apr 2021 Invited talk at the DELYE (The Death-throes of EvoLved stars, a Virtual Encounter)
conference (Leuven Belgium)

Dec 2019 Evolved stars meeting (Nice, France)

Nov 2019 Seminar at Observatoire de la Cote d’Azur

Nov 2019 MPE seminar (Garching, Germany)

May 2019 Journées 2019 of the French Society of Astronomy & Astrophysics (Nice, France)

Dec 2018 Invited colloquium at the Geneva Observatory (Geneva, Switzerland)

Jun 2018 19th FNRS Contact Group Meeting in Astronomy & Astrophysics (Brussels, Belgium)

Mar 2018 ESO Workshop on Imaging of Stellar Surfaces (Garching, Germany)



Jul 2017 ESO seminar (Garching, Germany)

Jan 2016 Workshop Evolved stars get-together (Gothenburg, Sweden)
Sep 2015 Red Supergiant workshop (Nice, France)
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