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In a quest to understand cosmic acceleration: testing
gravity and beyond
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Universality of halo mass function in modified
gravity cosmologies

Monday 24 October 2022 11:45 (15 minutes)

Large-scale structures (LSS) form via relentless action of gravitational forces on density perturba-
tions over cosmic length and time scales. Thus, the non-linear regime of LSS formation is sensitive
to the underlying theory of gravity, and hence provides estimates for observables that can help
distinguish modified gravity effects from the expected standard GR results. In this work, I focus
on two modified gravity models: namely variants of f(R) and nDGP gravity models. These MG
theories offer a very good test bed to explore the freedom of modifying the Einstein-Hilbert action
to produce a physical mechanism effectively mimicking the action of the cosmological constant,
that would result in cosmic acceleration. These MG models are constructed in such a way that
they have negligible consequences at early times and share the same expansion history and cos-
mological background as ΛCDM.

As a result, the effect of these MG models is incorporated in the perturbation equations that govern
the gravitational dynamics of LSS, and can potentially impact the formation and evolution of dark
matter halos. Thus, the statistical properties of dark matter halos, that form the building blocks of
cosmological observables associated with large-scale structures in the universe, offer opportunities
for testing modifications to the gravitational forces.

In this work, I focus on halo statistics: halo mass function, halo bias and halo density profile, using
results generated from MG N-body simulations. We obtain systematic trends in these quantities
on comparing MG results with standard GR cases. These trends can be further used to compute
semi-analytical modeling for these MG cosmologies and make robust estimates for cosmological
observables. This will be advantageous as N-body simulations are prohibitively expensive for the
case of most nontrivial MG scenarios.

Author: Ms GUPTA, Suhani (Center for Theoretical Physics of PAS, Warsaw, Poland)

Co-authors: BILICKI, Maciej (Center for Theoretical Physics, Polish Academy of Sciences, War-
saw, Poland); A. HELLWING, Wojciech (Center for Theoretical Physics, Polish Academy of Sciences,
Warsaw, Poland)
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Reconstruction and analysis of cosmological scalar
field φCDM models

Monday 24 October 2022 12:00 (15 minutes)

We studied scalar field φCDM models: ten quintessence models and seven phantom models. We
reconstructed these models, using the phenomenological method developed by us. Resulting in,
for each potential the following ranges were found: (i) model parameters; (ii) EoS parameters; (iii)
initial conditions for differential equations, which describe the dynamics of the universe. Using
the MCMC analysis, we obtained constraints on scalar field models by comparing observations
for: the expansion rate of the universe, the angular diameter distance and the growth rate function
with corresponding data generated for the fiducial ΛCDM model. We applied the Bayes statistical
criteria to compare scalar field models. To this end, we calculated the Bayes factor, as well as the
AIC and BIC information criteria. The results of this analysis showed that we could not uniquely
identify the preferable scalar field φCDM models compared to the fiducial ΛCDM model based on
the predicted DESI data, and that the ΛCDM model is a true dark energy model. We investigated
scalar field φCDM models in the w0 - wa phase space of CPL- ΛCDM contours. We identified
subclasses of quintessence and phantom scalar field models, which at the present epoch: (i) can
be distinguished from the ΛCDM model; (ii) cannot be distinguished from the ΛCDM model; (iii)
can be either distinguished or undistinguished from the ΛCDM model. We found that all studied
models can be divided into two classes: models that have attractor solutions and models whose
evolution depends on initial conditions.

Author: Dr AVSAJANISHVILI, Olga (E.Kharadze Georgian National Astrophysical Observatory)

Co-authors: SAMUSHIA, Lado (Kansas State University, USA; E.Kharadze Georgian National As-
trophysical Observatory, Georgia); KAHNIASHVILI, Tina (Carnegie Mellon University, USA; Ilia State
University, Georgia; E.Kharadze Georgian National Astrophysical Observatory, Georgia; Laurentian
University, Canada); HUANG, Yiwen (University of California, USA)
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Predicting large scale structure of the Universe using
deep learning methods

Monday 24 October 2022 12:15 (15 minutes)

We present the results of photometrical observations of hyperbolic comet C/2013 X1 (Pan-STARRS)
in broadband Johnson-Cousins filters. Data were obtained during the pre-perihelion passage of the
comet in the period December 2015 - January 2016 using the 61-cm telescope at the Scalnat\’{e}
Pleco observatory. Analyzing the dust productivity via Afρ proxy, we revealed a sharp increase
in cometary activity at the end of December. Also, we detected colour slope variations during
the observed period. Constructed morphology maps demonstrated non-uniform dust distribution
over the cometary coma with at least one jet-like structure.

Author: Mr GUGNIN, Olexandr (Taras Shevchenko national University of Kyiv)

Co-authors: TUGAY, Anatolii (Taras Shevchenko national university of Kyiv); ZADOROZHNA,
Lidiia (Jagiellonian university, Faculty of physics, astronomy and applied computer science, Krakow,
Poland)

Presenter: Mr GUGNIN, Olexandr (Taras Shevchenko national University of Kyiv)

Session Classification: Extragalactic astrophysics and cosmology

April 12, 2025 Page 4



28th Young Scie ⋯ / Report of Contributions New approximate expressions for⋯

Contribution ID: 8 Type: not specified

New approximate expressions for the outer
gravitational potential of a torus with an elliptical

cross-section
Monday 24 October 2022 12:30 (15 minutes)

Toroidal (or ring) structures are quite common objects in the Universe. For example, these are ob-
scuring dust tori in active galactic nuclei (ANGs), protoplanetary and accretion disks, ring galaxies,
etc. In some objects, where the torus can be massive enough, it affects the motion and dynamics of
matter. N-body simulations of the torus in the field of the central mass show that the equilibrium
cross-section of the self-gravitating torus can take an elliptical (or oval) shape depending on the
initial conditions (Bannikova et al. 2011, 2021). All these facts motivate the study of the gravita-
tional potential of toroidal bodies. This is important to understand the dynamic in such a kind of
astrophysical objects and to develop the theory of gravitational potential as a whole.
This work is devoted to the study of the gravitational potential of a torus with an elliptical cross-
section in the outer region (outside the volume of the torus) for an arbitrary ellipticity parameter.
We use an integral expression for the gravitational potential of the elliptical torus which is valid at
an arbitrary point (Bannikova et al., 2021). This expression was obtained by the following method.
We consist the torus of a set of the massive circles. In this case, the torus potential is a sum of the
potential of the massive circles. Such consideration allows us to obtain the approximate expression
due to expand the potential of component ring in a Maclaurin series in the vicinity of the center of
the elliptic cross-section. Restricting ourselves to terms of the second order, we expressed the outer
potential of the elliptic torus in terms of the potential of the massive circle located in the equatorial
plane with a radius equal to the torus major radius. The obtained approximate expression for the
outer potential of the torus is valid in a wide range of cross-sectional ellipticity parameters. One
of the interesting results is the representation of the potential of the elliptic torus via two massive
circles located at some distance from the foci of the cross-section. We obtained the corresponding
approximate expression for this case. The good agreement between the approximate expressions
for the outer potential of an elliptic torus and the exact integral expression is confirmed by the
corresponding error maps.
Bannikova E.Yu, Sergeev A.V., Akerman N.A., Berczik P.P., Ishchenko and Capaccioli M. 2021, MN-
RAS, 503, 1459
Bannikova E.Yu., Vakulik V.G., Shulga V. 2011, MNRAS, 411, 557

Author: Mr SKOLOTA, Sergey (Institute of Astronomy of V.N. Karazin Kharkiv National Univer-
sity)

Co-author: BANNIKOVA, Elena (INAF –Capodimonte Astronomical Observatoty, Naples, Italy;
Institute of Radio Astronomy of NAS of Ukraine)

Presenter: Mr SKOLOTA, Sergey (Institute of Astronomy of V.N. Karazin Kharkiv National Univer-
sity)
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Galaxy properties as tracers of environment in the
cosmic web

Monday 24 October 2022 14:25 (15 minutes)

Galaxies live in dark matter haloes and hence the galaxy properties are majorly defined by the prop-
erties of the haloes. Thus the environmental dependence of dark matter halo properties prompts a
correlation between galaxy properties and the environment. In this talk, I will discuss the results
from our recent works (arXiv:2102.04177 and arXiv:2201.10480) that explored how luminosities in
optical to mid-infrared bands, stellar mass, and star formation rate are correlated with the environ-
ment. We use a set of stellar mass-selected and 3.4 micro-m luminosity-selected galaxies from the
Galaxy and Mass Assembly (GAMA) survey. We utilize the galaxy two-point correlation functions
and marked correlation functions to investigate the environmental correlations. I will also discuss
the impact of various selection effects on the galaxy clustering measurements.

Author: Mr SURESHKUMAR, Unnikrishnan (Astronomical Observatory of the Jagiellonian Univer-
sity)

Co-authors: POLLO, Agnieszka (Astronomical Observatory of the Jagiellonian University, Kraków,
Poland, National Centre for Nuclear Research, Warsaw, Poland); DURKALEC, Anna (National Centre
for Nuclear Research, Warsaw, Poland)

Presenter: Mr SURESHKUMAR, Unnikrishnan (Astronomical Observatory of the Jagiellonian Uni-
versity)
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Early star-forming galaxies through Gravitational
telescopes

Monday 24 October 2022 13:00 (5 minutes)

The standard hierarchical model of galaxy formation predicts that small objects form first before
growing and merging into more massive objects. In this context, the shape of the luminosity
and mass distribution of galaxies provides a direct constraint on galaxy formation models. The
interplay between gas accretion and feedback is likely reflected in the shape of the luminosity
function (LF) few hundred million years after the Big Bang. It is therefore possible to constrain the
growth rate of early star-forming galaxies by looking at the evolution of the luminosity functions
as a function of redshift.

The developed completeness simulations allow us to directly estimate survey completeness in stel-
lar mass through strong lensing clusters to select such high-redshift galaxies.

Together with the BUFFALO program that combines Hubble Space Telescope observations and
strong gravitational lensing of massive galaxy clusters to study high-redshift galaxies, it is possible
to observe distant galaxies. In this work, we have detected a sample of z ∼ 6−9 galaxy candidates
from six massive lensing clusters.It includes 199 galaxy candidates identified in the Lyman break
selection.

Author: Ms CHEMERYNSKA, Iryna (Institut d’Astrophysique de Paris)

Co-author: ATEK, Hakim (Institut d’Astrophysique de Paris, Paris, France)

Presenter: Ms CHEMERYNSKA, Iryna (Institut d’Astrophysique de Paris)
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Discovering the Radio Cosmos
Monday 24 October 2022 13:05 (5 minutes)

Galaxies are sprawling systems of dust, gas, dark matter, and anywhere from a million to a trillion
stars that are held together by gravity. Nearly all large galaxies are thought to also contain super-
massive black holes at their centers. Galaxies are the fundamental building blocks of our Universe.
By using Green Bank Telescope I aim to study different galaxies in 21 cm hydrogen line and have
done the continuum mapping of M31.
One more aim is to detect high redshift galaxies and check the efficiency (capability) of the 20m
GBT telescope. I have detected galaxies like NGC 4559(z=0.00271) , NGC 628 (z=0.0219), NGC
4565(z=0.0428) and NGC 1530(z=0.00820). I also verified the Hubble’s constant value. I have also
made one channel map of the M31 from data by continuum mapping. It will contribute to the
better understanding of the galaxies, cosmology and telescope efficiency.

Author: Mr AWASTHI, Manas (IISER)

Presenter: Mr AWASTHI, Manas (IISER)
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Low frequency radio continuum imaging and SED
modeling of 11 local luminous infrared galaxies in

radio and infrared domains
Monday 24 October 2022 13:40 (15 minutes)

We present the detailed analysis of 11 local luminous infrared galaxies (LIRGs) from ultraviolet,
through far-infrared to radio (∼70\, MHz to ∼15\,GHz) bands. We derive the physical properties
through spectral energy distribution (SED) modeling using the Code Investigating GALaxy Emis-
sion (CIGALE) and UltraNest codes. The radio SEDs include our new observations at 325 and
610\,MHz from the GMRT, and the measurements from public archives. Our main results are (1)
radio SEDs show turnovers and bends, (2) the synchrotron spectral index of the fitted radio spectra
range between -0.5 and -1.9 and (3) the infrared luminosity, dust mass, dust temperature, stellar
mass, star-formation rates (SFRs) and AGN fraction obtained from CIGALE falls in
the range exhibited by galaxies of the same class. The ratio of 60\mu m infrared and 1.4GHz radio
luminosity, the 1.4GHz thermal fraction, and emission measure range betwen 2.1 and 2.9, 0.1\% and
10\%, 0.01 and 269.5*10ˆ6 cm ˆ(-6) pc, respectively. We conclude that the turnovers seen in the radio
SEDs are due to free-free absorption; this is supported by the low AGN fraction derived from the
CIGALE analysis. The decomposed 1.4 GHz thermal and nonthermal radio luminosities allowed
us to compute the SFRs using scaling relations. Higher infrared SFRs are noted for merger classes
than nuclear galaxies with similar nonthermal fractions, indicating a better calorimetric behavior.
Furthermore, a positive correlation is noted between infrared SFR obtained 10 Myr ago (as com-
pared to 100 Myr ago) and 1.4 GHz radio (total and nonthermal) SFRs because similar synchrotron
lifetimes are expected for typical magnetic field strengths (˜50\mu G).

Author: Ms DEY, Subhrata (Astronomical Observatory of Jagiellonian University)

Co-authors: GOYAL, Arti (Astronomical Observatory of the Jagiellonian University, Krakow, Poland); PI-
OTROWSKA, Julia (Astronomical Observatory of the Jagiellonian University, Krakow, Poland); MALEK,
Katarzyna (National Centre for Nuclear Research, Warsaw, Poland); SEYMOUR, Nicholas Seymour (In-
ternational Centre for Radio Astronomy Research, Curtin University, Bentley, WA 6102, Australia); DIAZ
SANTOS, Tanio (Institute of Astrophysics, Foundation for Research and Technology-Hellas, GR-71110,
Heraklion, Greece); J. GALVIN, Timothy (International Centre for Radio Astronomy Research, Curtin
University, Bentley, WA 6102, Australia); CHARMANDARIS, Vassilis (Institute of Astrophysics, Foun-
dation for Research and Technology-Hellas, GR-71110, Heraklion, Greece)
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THE CMB Lensing Signal of Cosmic Voids
Monday 24 October 2022 13:55 (15 minutes)

Cosmic voids gravitationally lens the cosmic microwave background(CMB). This weak lensing
shows itself as negative convergence(kappa) imprint on the CMB lensing map. We use one of the
largest available sky surveys(Dark Energy Survey Y3) and Planck 2018 CMB lensing map along
with a simulated CMB lensing convergence map from the MICE N-body simulation to calibrate
our detection. We stack void centre positions on the CMB map and use a matched filtered ap-
proach(that has been used before for BOSS spectroscopic voids) to further optimize our S/N. By
using 2 different void types, we measure the lensing imprint of CMB by voids up to S/N =4.56� for
DES Y3. We find that both types of voids show slightly weaker CMB lensing signal than Lambda-
CDM expectations as calibrated by MICE N-body simulation. Our result is consistent with another
DES Y3 study which uses another method(Kovacs et al, in prep) and also with DESI Imaging Survey
DR8 study( Hang et al,2021). We discuss possible reasons for this finding.

Author: Mr DEMIRBOZAN, Umut (Institut de Fisica d’Altes Energies, Barcelona, Spain)

Presenter: Mr DEMIRBOZAN, Umut (Institut de Fisica d’Altes Energies, Barcelona, Spain)
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Tomography-based observational determination of
the abundance of dark matter halos using the

submillimeter galaxy magnification bias
Monday 24 October 2022 14:10 (15 minutes)

Within the standard paradigm of cosmology, the hierarchical growth of dark matter perturbations
is an essential assumption to explain galaxy formation. As a consequence, the relevance of dark
matter halos for probing large-scale structure has motivated the search for a quantitative under-
standing of their abundance. Although computational cosmology has so far been the main arena
for determining the number density of halos, numerical simulations are subject to systematic differ-
ences regarding, for instance, the modelling of baryon physics. In this talk, a method is presented
to pursue the objective of determining the halo mass function through the observation of the weak
lensing magnification bias effect on high-redshift submillimeter galaxies, given the suitability of
these sources for a study of this kind. A tomographic approach is adopted in order to look for
differences in the results obtained in a non-tomographic analysis. We obtain a remarkable im-
provement regarding uncertainties with respect to the non-tomographic case and predict a higher
number density of halos below 10ˆ13 M_{\odot}/h and a lower one above 10ˆ14 M_{\odot}/h, in
disagreement with standard N-body results at 2 OR 3\sigma, depending on the exact model.

Author: Mr MUÑIZ CUELI, Marcos (Facultad de Ciencias de la Universidad de Oviedo)

Co-authors: LAPI, Andrea (Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy); CRE-
SPO, David (Departamento de Fisica, Universidad de Oviedo); GONZÁLEZ-NUEVO, Joaquín (Depar-
tamento de Fisica, Universidad de Oviedo); M. CASAS, José (Departamento de Fisica, Universidad de
Oviedo); BONAVERA, Laura (Departamento de Fisica, Universidad de Oviedo)

Presenter: Mr MUÑIZ CUELI, Marcos (Facultad de Ciencias de la Universidad de Oviedo)
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The choice of the Zone of Avoidance compensation
method to estimate clustering dipole in galaxy

catalogs
Monday 24 October 2022 12:45 (15 minutes)

Zone of Avoidance (ZoA) is the sky area that is blocked from extragalactic observations by the
plane of our own Galaxy. It covers approximately 20% of the sky in the optical and poses signif-
icant problems for these cosmological tests that require full-sky coverage, necessitating compen-
sation, usually by artificial filling. There are many possibilities of filling the ZoA with artificial
sources, therefore it is of vital importance to determine the optimal method prior to performing
any cosmological tests, as the method chosen may naturally influence the results. We want to es-
tablish an optimal way of populating the ZoA with artificial sources, in order to reliably calculate
the clustering dipole of galaxies. Such a dipole (its direction and amplitude) informs us about the
acceleration of the Local Group of galaxies (which the Milky Way is a part of) with respect to the
rest-frame density field of galaxies and dark matter, independently of the CMB-based estimations.
In my talk I will present the tests of the methods of populating the ZoA performed on simulated
galaxy catalogs, such as Millennium XXL. Then I will show how the resulting optimal ZoA com-
pensation method is used to populate the ZoA of the 2MPZ galaxy catalog and what effect it has
on the clustering dipole estimation based on this catalog.

Author: Ms KRUPA, Magdalena (Astronomical Observatory of the Jagiellonian University, Krak ́ow,
Poland)

Co-authors: MACIEJ, Bilicki (Center for Theoretical Physics); AGNIESZKA, Pollo (Astronomical
Observatory of the Jagiellonian University & National Centre for Nuclear Research)

Presenter: Ms KRUPA, Magdalena (Astronomical Observatory of the Jagiellonian University, Krak
́ow, Poland)
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Improved technique for quasar continuum
prediction in the Lyα forest based on composite

spectra
Monday 24 October 2022 14:40 (15 minutes)

The intergalactic medium is revealed by the numerous absorption lines of neutral Hydrogen H˜{\sc
i} (the so-called Lyα forest) seen in the spectra of distant quasars (z > 2), which traces the thermal
and radiative history of the Universe, as well as the evolution of underlying matter distribution
over a wide range of scales and redshifts. It is possible due to the relation of the Lyα opacity of
the intergalactic H˜{\sc i} to its density and other physical parameters. As a measure of opacity,
the value of mean transmission is used, which is defined as a ratio of observed (transmitted) and
emitted fluxes. One of the main problems in these studies is related to the determination of emitted
flux, i. e. the continuum level in quasar spectra. Most of the currently available methods of con-
tinuum determination are based on interpolation of absorption-free regions within Lyα forest or
continuum extrapolation from wavelengths longer than 1215\,\AA. However, both of these meth-
ods work poorly for strongly absorbed spectra at high redshifts and do not consider the spectral
and physical properties of each individual quasar (e.g. luminosity, spectral index etc), which may
also affect the shape of the intrinsic quasar continuum and spectral lines.

In this work, we present a new method for determination of the intrinsic continuum level based
on the composite spectra of quasars. For this purpose, we selected 10096 medium-resolution
quasar spectra from the Sloan Digital Sky Survey Data Release 10 without own quasar absorption
lines (BAL) and DLA systems. To take into account the properties of individual quasars, we com-
piled 92 composite spectra from subsamples of quasars with similar monochromatic luminosity at
1450\,\AA and similar spectral index within the wavelength range 1215–1450\,\AA. The intrinsic
continuum in the Lyα forest for each individual quasar spectrum was found by the selection of
the most optimal composite spectrum. The resulting continuum for individual quasars was used
to measure the mean transmission in the Lyα forest and its dependence on the redshift.

Author: Dr TORBANIUK, Olena (Department of Physics, University Federico II in Naples, Naples,
Italy)

Presenter: Dr TORBANIUK, Olena (Department of Physics, University Federico II in Naples, Naples,
Italy)
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Preliminary Global 21cm Observations with MIST
from the Canadian High Arctic

Monday 24 October 2022 14:55 (15 minutes)

The global redshifted 21cm signal emitted by neutral hydrogen at radio frequencies offers novel
insights into the birth of the first stars, known as the Cosmic Dawn, which is currently a largely
unexplored chapter in our universe’s history. The Mapper of the IGM Spin Temperature (MIST) is a
multi-institutional collaboration that aims to observe the global 21cm signal from some of the most
remote sites on Earth. The MIST instrument corresponds to a single-antenna radio spectrometer
and the experiment has been designed to minimize systematic effects from the instrument and the
environment. The MIST instrument operates directly above soil with no ground plane, which helps
to reduce possible structure in the beam. However, the lack of a ground plane makes the instrument
particularly sensitive to the electrical properties of the soil. I will discuss several methods used by
MIST to measure the soil electrical properties, which is crucial to minimizing systematic effects. I
will then discuss a recent field deployment to the McGill Arctic Research Station (MARS) on Axel
Heiberg island in Nunavut, Canada. The MARS site is characterized by minimal radio frequency
interference (RFI), making it an optimal site for MIST to detect the 21cm signal with minimal RFI
occupation of data. I will then show preliminary measurements taken at MARS, as well as discuss
plans for future deployments.

Presenter: Mr HENDRICKSEN, Ian (McGill University, Montr ́eal, Canada)
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Dynamic model of the ionosphere for wide-field
radio experiments

Monday 24 October 2022 15:10 (15 minutes)

Ionosphere impact may be critical for radio observations below 100 MHz. The three dominating
effects in the ionosphere - attenuation, emission and refraction - not only depend on the observa-
tional frequency but also change with time due to day-to-day variations in electron density. To
account for these temporal variations, we created a global, dynamic model of the ionosphere. Our
model uses a system of spherical layers to simulate the radio wave passage through the plasma. To
precisely capture the temporal effects, the model employs data for time-dependent altitude profiles
of electron density and temperature provided by the International Reference Ionosphere project.
Within the model, the attenuation factors and refraction angles are calculated, allowing to correct
observational data for ionospheric influence. I discuss how our modelling works in theory and
practice and present the Python package available for public use.

Author: Mr BIDULA, Vadym (McGill University, Montr ́eal, Canada)

Co-authors: SIEVERS, Jonathan (McGill University, Montr ́eal, Canada); MONSALVE, Raul (UC
Berkeley Space Sciences Laboratory)

Presenter: Mr BIDULA, Vadym (McGill University, Montr ́eal, Canada)
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Drone-Based Calibration Technique for The Array of
Long Baseline Antennas for Taking Radio

Observations from the Sub-Antarctic (ALBATROS)
Monday 24 October 2022 15:25 (15 minutes)

The ALBATROS experiment is composed of an array of radio telescopes operating in the 1.2 –
125Mhz range with the aim of laying the groundwork for probing the cosmic dark ages (<30Mhz)
through measurement of the 21cm redshifted emission of neutral hydrogen. To better understand
the behaviour of the antennas used in this array, we propose to fly a transmission source mounted
to a custom-built multi-rotor unmanned aerial vehicle (UAV) in the far field region of the antenna.
By studying the power received by the ground antenna from the transmission source as well as
the telemetry data from the UAV, we can generate beam maps for the ground antenna at various
frequencies. From this data we can properly calibrate our instrumentation to maximize efficiency,
as well as gain a better understanding of our data at different frequencies.

Author: Mr BARBARIE, Christopher (McGill University, Montr ́eal, Canada)

Presenter: Mr BARBARIE, Christopher (McGill University, Montr ́eal, Canada)
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Mapping Dark Matter with Weak Gravitational
Lensing Techniques

Monday 24 October 2022 15:40 (15 minutes)

Mapping Dark Matter Using Gravitational Lensing Techniques/SuperBIT
Mila Arasu (Sunanda Thirunavukkarasu)
Galaxy clusters are one of the primary tools for constraining dark matter when combined with
the distortion of light from distant galaxies as it travels through a cluster’s gravitational potential.
Constraining cosmology by measuring cluster abundance proves to be extremely challenging as
cluster masses are not directly observable, but can be estimated by how clusters gravitationally
lens these background galaxies - though these observations are extremely expensive. The advent
of long-duration balloon borne flights hopes to alleviate this problem by offering a new platform
for cheap, space-like imaging. SuperBIT is a wide-field, 0.5m imaging telescope that will provide
deep, diffraction-limited imaging from the near-ultraviolet to the near-infrared at ˜1% the cost of an
orbiting platform. Although the existing SuperBIT image pipeline measures cluster masses with
minimal bias on simulated images, we currently assume that the cluster mass follows a simple
form of a symmetric/spherical matter density profile. In this work, I replace these approximations
with realistic dark matter halo profiles from the high-resolution, hydrodynamical BAHAMAS sim-
ulations to test whether our measurement methodology remains unbiased for realistic scenarios.

Author: Ms ARASU, Mila (NASA Jet Propulsion Laboratory, Pasadena, USA)

Presenter: Ms ARASU, Mila (NASA Jet Propulsion Laboratory, Pasadena, USA)
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Predicting the redshift of gamma-ray loud AGNs
using supervised machine learning

Monday 24 October 2022 15:55 (5 minutes)

AGNs are very powerful galaxies characterized by extremely bright emissions coming out from
their central massive black holes. Knowing the redshifts of AGNs provides us an opportunity to
determine their distance to investigate important astrophysical problems such as the evolution of
the early stars, their formation along with the structure of early galaxies. The redshift determina-
tion is challenging, because it requires detailed follow-up of multiwavelength observations, often
involving various astronomical facilities. Here, we employ machine learning algorithms to esti-
mate redshifts from the observed γ-ray properties and photometric data of gamma-ray loud AGN
from the Fourth Fermi-LAT Catalog. The prediction is obtained with the Superlearner algorithm,
using LASSO selected set of predictors.
We obtain a tight correlation, with a Pearson Correlation Coefficient of 71.3% between the in-
ferred and the observed redshifts, an average Delta_z_norm = 11.610ˆ{-4}, where Delta z_norm :
(z_{spetroscopic} - z_{predicted})/(1+z_{spectroscopic}) and sigma_{NMAD} = 0.192, where sigma_{NMAD}
: 1.48median|Delta z_{norm}|. We stress that notwithstanding the small sample of γ-ray loud AGNs,
we obtain a reliable predictive model using Superlearner, which is an ensemble of several machine
learning models.
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Mathematical modeling of the light curves of
variable stars: review and atlas of the light curves

Tuesday 25 October 2022 10:10 (45 minutes)

We review the study of variable stars using mathematical modeling of
their mean light curves. The simulation is carried out by various methods, using
the observational databases AAVSO, AFOEV, VSOLJ, TESS, ZTF, ASAS-SN,
etc. The purpose of the simulation is to ”digitize” the light curves to determine
statistically optimal numerical parameters that characterize brightness changes
with time. One of the simulation results is the compilation of an ”atlas” of mean
and individual light curves and “phase portraits”for stars of different types. This
study is within the frames of the international projects “Virtual Observatory”,
“AstroInformatics”, “Inter-Longitude Astronomy”.

Author: Dr ANDRONOV, Ivan (Physics and Astronomy Odesa National Maritime University, Odesa,
Ukraine)
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Photometric and spectroscopic analysis of contact
binaries

Tuesday 25 October 2022 10:55 (15 minutes)

We present the photometric and spectroscopic analysis of 9 W Uma type contact binaries. The
studied targets are selected from the CRTS catalog. The photometric data is collected using the
1.3-m Devasthal Fast Optical Telescope (DFOT) and 1.04-m Sampurnanand Telescope (ST). We use
the PHOEBE-legacy code for light curve modeling. The temperature is determined using different
color-temperature relations. Due to the absence of multi-epoch radial velocity data, photometric
mass ratio is used for model fitting. Archival data from SuperWASP, CRTS, ASAS-SN, Kepler and
TESS is used for O-C period analysis. The linear and quadratic ephemeris are updated for all
the targets. Five sources show change in orbital period which is explained on the baisis of mass-
transfer between components. LAMOST low-resolution spectra is used for chromospheric activity
analysis. The chromospheric flux contribution is determined by subtracting the template spectra
from the contact binary spetra. Small excess emission is found in subtracted spectra. Due to the
low-resolution of the used spectra, it is very hard to confirm the individual activity level of the
components.

Author: Mr PANCHAL, Alaxender (Aryabhatta Research Institute of Observational Sciences, Nainital,
India)
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A multi-wavelength study of Cygnus
Tuesday 25 October 2022 11:10 (15 minutes)

Star formation is among the most intricate processes building the Universe and deep comprehen-
sive studies of its low mass regime are crucial to understand the related processes like circumstellar
disk evolution and its properties, brown dwarf formation. Since most of the star formation takes
place in clusters, it is crucial to perform deep studies of low mass stellar population in young mas-
sive Galactic star forming regions where the cluster environment has a significant effect on star
and planet formation, disk evolution and fundamental parameters like IMF. Cygnus OB2, at 1.6 kpc
from the Sun and with ˜ 200 OB-stars hosts extreme environmental conditions analogous to extra-
galactic star forming regions and hence, is an ideal laboratory to explore the effect of stellar feed-
back on surrounding young low mass population. We perform a comprehensive multi-wavelength
study of a 1.5 deg diameter region centred at Cygnus OB2, using the deepest and the widest op-
tical photometry obtained with 8m Subaru Hyper Suprime-Cam (HSC), near-IR (UKIDSS), mid-IR
(Spitzer) to study the pre-main sequence population reaching down to brown-dwarf limit includ-
ing a significant census of disk-bearing and diskless objects. We perform the pre-main sequence
membership analysis and estimate physical parameters of the sources. We thus obtain the IMF in
the cluster down to the sub-stellar limit owing to the high sensitivity of our data set. We perform a
statistical interpretation on the role of various factors like age, mass, incident UV radiation, stellar
density on disk evolution in the region and compare the disk properties with other nearby star
forming regions of diverse properties in terms of density and UV radiation strength. Since, most
of such past studies have either been restricted to nearby clusters or limited by sensitivity of the
data, this work is a pioneering step towards understanding the role of several external factors on
young low mass stellar population in a massive Galactic star forming region.

Author: Ms GUPTA, Saumya (Indian Institute of Science Education and Research, Tirupati, In-
dia)
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Could kilomasers pinpoint supermassive stars?
Tuesday 25 October 2022 11:25 (15 minutes)

22.2 GHz water masers are generally associated with massive star formation. Recently, a very
strong nuclear kilomaser, W1, has been found in a nearby galaxy (NGC 253) that is associated with
a forming super star cluster. It has been proposed that kilomasers could arise from the accretion
disc around supermassive stars (>1000 Msun). Such hypothetical stars are proposed candidates for
polluters responsible for the chemical peculiarities in the globular clusters, i.e. large variations in
light elements; the main one being O-Na, C-N and Mg-Al anticorrelations. Additionally most of the
globular clusters demonstrate multiple sequences in the colour-magnitude diagram, proving that
they host multiple stellar populations. It has been suggested that the second population forms from
the hot-hydrogen burning yields of the first population via self-enrichment. At the present time
it is very hard to observe supermassive stars due to their location. The candidate forming massive
clusters are located outside the Milky Way with very dense centers, where the hypothetical star
would be obscured by gas and dust. The supermassive stars would form via runaways collisions,
simultaneously with the cluster, hence their disc is perturbed by stellar flybys, inspiralling and
colliding stars. This raises the question if an accretion disc would at all be able to survive in such
a dynamic environment and mase water lines.

We investigated what the predicted MASER spectrum of such a disc would look like using 2D hy-
drodynamic simulations and compared this to the W1 kilomaser in NGC 253. We derived model
maser spectra from the simulations by using a general maser model for appropriate disc tempera-
tures against velocity along the line of sight. All our our model discs survived. The model maser
spectra for the most destructive case for the simulations of M = 1000 Msun are a good match
with W1 kilomaser spectrum in terms of scaling, flux values and some of the signal trends. For
the more massive star of 10,000 Msun the spectra start to resemble megamasers from AGNs rather
than stellar masers. Our investigations thus support the hypothesis that kilomasers could pinpoint
supermassive stars.
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Photometric monitoring of eclipsing dwarf novae
using two robotic telescope networks

Tuesday 25 October 2022 12:30 (10 minutes)

Eclipsing dwarf novae are considered to be the perfect laboratories to study accretion. As high
inclination systems, they allow to reconstruct the brightness distribution across the accretion disk
using indirect techniques like Doppler tomography or eclipse mapping. However, such observa-
tions are very challenging. High quality data from large telescopes are needed and it is difficult to
predict variability of dwarf novae (semi-periodic outbursts, superoutbursts or standstills). In order
to select interesting and suitable targets for such observations, I performed a photometric moni-
toring program of bright, eclipsing dwarf novae. To cover both the northern and southern hemi-
spheres, as well as obtain sufficient time resolution, I used two robotic networks of telescopes with
diameters around 0.5 m –iTelescope and Skynet. I will present characteristics of both networks as
well as preliminary results for the most interesting targets.
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Close binary star system Cygnus X-1. Relative and
absolute photometry

Tuesday 25 October 2022 11:55 (5 minutes)

Close binary star system Cygnus X-1.
The subject matter of the research is studying and conducting relative and absolute photometry of
Cygnus X-1 in optic range.
Relevance: the accretion of matter in the close binaries is an effective mechanism for releasing a
huge amount of energy, because of which we observe many astrophysical objects that are at the
late stages of their evolution.
The task of the research work is to conduct the optical photometry of Cygnus X-1 at the Lisnyky
observatory of KNU, to build and analyze the light curve in the photometry programs, compare
to the AAVSO light curve chart, make calculations according to the photometry results, establish
the reason for variability of Cygnus X-1.
CONCLUSIONS
Relative and absolute photometry of V1357 Cyg was done in filters:
R = 8.4; B = 10,1; I = 7.7; V = 9.3. Photometry was uploaded to AAVSO database.
The average period of light micromodulation = 8.6 min;
Calculated on the basis of the received data:
Visual, absolute and photographic magnitude of HDE 226868: m = 9,3; M = -2.4; mph = 10.1
Color temperature HDE 226868 = 5177°; C (B-V) =0.81; (R-I) = 0.7; (V-R)= 0.9.
Luminosity: L = 745 Ls; radius of the star = 37Ro; distance = 2187.8 Parsecs.
We believe that inflow fenomena on the black hole’s accretion disk are the cause of the variability
of Cygnus X-1.

Author: Ms MUZYKA, Olivia (Gimnasium “Academiia”, Kyiv, Ukraine)
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Study of the Lithium abundance in solar-type stars
Tuesday 25 October 2022 11:40 (15 minutes)

In this work, we consider the origin of the chemical element lithium (Li) in the Universe, and
calculate its abundance in six solar-type stars.

Li is a very light, soft alkali metal. This is a special element, because it is one of the three elements
created during the Big Bang. With the evolution of stars, lithium is modified by the process of
nucleosynthesis inside and becomes hardly noticeable.

The evolution of the abundance of lithium in the atmospheres of stars of late spectral types is the
subject of numerous studies. Among others, there is the problem of low abundance of Li in the
solar atmosphere, which cannot be explained by the existing theories of stellar evolution. On the
other hand, a relatively large amount of lithium is observed in the atmospheres of a number of
solar-type stars, which also requires explanation.

High-quality observational spectra of just such stars that were used in this work were obtained
with the HARPS ESO spectrograph.

The method of synthetic spectra was used in the work. We calculated the theoretical spectrum
of stars using a Fortran program. Python programs were also written to adequately compare the
theoretical line profiles with the observational spectrum (convolution with the instrumental profile
and the stellar rotation profile).

Author: Ms DIMITRIIEVA, Polina (Taras Shevchenko National University of Kyiv, Kyiv, Ukraine)
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Spin and orbital variability of the intermediate polar
RX J2133.7+5107

Tuesday 25 October 2022 12:40 (15 minutes)

We report the results of long-term time series photometry on RX J2133.7+5107. Using data taken
during 2007-2022 (15 yr), we confirmed and improved the results obtained by de Miguel et al.
(2017). Due to longer time-base we obtained more accurate value of the spin-up time-scale 1.511(3)∗
105 yr. The observed rate of spin-up is even faster then reported by de Miguel et al. (2017) and
one of the fastest of all known intermediate polars. We confirm the presence of superhumps and
studied the changes of superhump period. Also we report a presence of complicated changes of
(O-C) with a period of about 7 years, that may be interpreted either as fluctuations around the
equilibrium period or as a presence of a third body orbiting the inner close binary system.
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Maritime University)
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Study of open cluster King 13 using CCD VI, 2MASS
and Gaia DR2 Astrometry

Tuesday 25 October 2022 12:55 (15 minutes)

In this paper, we present astrophysical parameters of the open cluster King 13 based on the VI
CCD and 2MASS JHK s photometric data. This is a poorly studied cluster, for which new results
have been found in the present work. To identify probable members, we use proper motion data
from Gaia DR2 catalogue. The mean proper motion of the cluster is determined as − 2.8±0.2 and −
0.88±0.14 mas yr − 1 and cluster extent is derived as 3′.2.
Using color-magnitude diagrams, we estimate the age and distance of the cluster as 510 ± 60 Myr
and 3.84 ± 0.15 kpc respectively. Interstellar reddening E (B-V) in the direction of the cluster is
determined as 0.80 ± 0.2mag mag using color-color diagram. Mass function slope of the cluster is
found to be comparable with the Salpeter value. The total mass of this cluster is derived as 270 M
� . The present analysis shows that King 13 is a dynamically relaxed cluster.
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Search for hierarchical systems in the Gaia EDR3
Tuesday 25 October 2022 13:25 (5 minutes)
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Photometric monitoring of short-period eclipsing
binaries discovered at Astronomical Observatory on

Kolonica Saddle
Tuesday 25 October 2022 13:10 (15 minutes)

We analyzed the photometric data obtained for 4 short-period EW-type binary systems discovered
at Astronomical Observatory at Kolonica Saddle using different instruments between 2009 and
2019. The stars USNO-B1.0 1411-0397871 (VSX J213321.5+510857) and USNO-B1.0 1411-0397855
(VSX J213320.0+510819) are W UMa type eclipsing binaries. These stars got GCVS names V2833
Cyg and V2832 Cyg respectively. V483 And (Kol003) and USNO-B1.0 1236-0432303 (VSX J200553.2+334157,
Kol009) are also EW-type binaries.
The largest set of photometric data used in this research was obtained with the 1m Vihorlat Na-
tional Telescope at the Astronomical Observatory on Kolonica Saddle, Slovakia (VNT). V2832 Cyg
and V2833 Cyg were also observed with 60 cm Zeiss Cassegrain telescope at the Observatory and
Planetarium of M. R. Stefanik in Hlohovec, Slovakia. Some time series were obtained using Meade
LX-200 instrument at the same observatory. In 2014- 2016 we gathered photometric observations
of V2832 Cyg and V2833 Cyg with the the 40 cm Maksutow telescope at the Astronomical Obser-
vatory of the Jagiellonian University in Krakow, Poland.
The reduction, consisting of calibration of scientific images for bias, dark and flat-field and extrac-
tion of instrumental magnitudes, was carried out with the MUNIWIN software or CoLiTecVS.
Using O-C analysis, we determined more accurate values of the orbital period and initial epochs
of these systems. Using New Algol Variable method, we determined phenomenological character-
istics of light curves. Its worth to mention that for V2833 Cyg Lafler-Kinman-Kholopov method
applied for long time series allowed to derive the same value of the period, which was obtained
later using O-C analysis. We confirm the presence of O’Connell effect in the V483 And. The spots
may explain asymmetric light curves and significant changes of the shape from season to season.
Light curves of V2832 Cyg, V2833 Cyg and VSX J200553.2+334157 are stable. No variations of the
orbital period found.
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Multiwavelength photometry of comet C/2013 X1
(Pan-STARRS)

Wednesday 26 October 2022 10:00 (15 minutes)

We present the results of photometrical observations of hyperbolic comet C/2013 X1 (Pan-STARRS)
in broadband Johnson-Cousins filters. Data were obtained during the pre-perihelion passage of the
comet in the period December 2015 - January 2016 using the 61-cm telescope at the Scalnat\’{e}
Pleco observatory. Analyzing the dust productivity via Afρ proxy, we revealed a sharp increase
in cometary activity at the end of December. Also, we detected colour slope variations during
the observed period. Constructed morphology maps demonstrated non-uniform dust distribution
over the cometary coma with at least one jet-like structure.
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Investigation of dust component of hyperbolic
comet C/2015 VL62

Wednesday 26 October 2022 10:15 (15 minutes)

The processing and analysis of photometric and spectral data obtained for the long-period comet
C / 2015 VL62 (Lemmon-Yeung-PanSTARRS) on the 2nd SAO 6-m telescope in 2015 was processed
and analyzed. The comet was observed at a heliocentric distance of 3.8. a.u., where sublimation of
water ice is not significant. Several different programs were used for processing (basic reductions)
and analysis, including Maxim DL, IDL, Astrometrica and Astroart 7. Analysis of spectral data
showed that there are no gaseous emissions in the spectrum, only a dust continuum. Since no
gaseous emissions were detected in the spectrum, this allowed the study of the dust component
from photometric data obtained in wide sloan g- and r-sdss filters. The analysis of photometric
data allowed to analyze the morphological features of the cometary coma and tail, to assess the
dust productivity and the color of the dust coma. The magnitude, Afρ parameter, and color index
in the g- and r-sdss filters were determined. The errors of these calculations are estimated. Graphs
of comet profiles in different directions were constructed using a number of digital filters, and
low contrast structures in comet coma were investigated. From the analysis of spectral data, the
amount of redness for the studied comet was obtained. The value of the work is that it is one of
the few works where comets are studied at large heliocentric distances.
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Photometry, astrometry and dust productivity
analysis of comet 67P/Churyumov-Gerasimenko in

2021-2022
Wednesday 26 October 2022 10:30 (15 minutes)

In this work, we are presenting the results of astrometric, photometric, and dust productivity anal-
ysis of comet 67P/Churyumov-Gerasimenko. The results are based on 14 nights of observations at
the Kyiv Comet Station (MPC Code 585) during the near-perihelion and Earth approach periods
of 2021-2022. We also analyzed the photometric and astrometric data of 67P comet appearance in
the 1969-2022 period of observations published in Minor Planet Center and Comet OBServation
databases. For observations, we used the 0.7 m (f/4) reflector AZT-8 with the FLI PL4710 CCD cam-
era. On the basis of our images, we have measured precise astrometrical positions, magnitudes of
67P in different apertures for all the period of our observations, and values of Afρ parameter for
most of our observations. Based on observations published in the MPC database, we calculated
orbital elements of 67P during 11 epochs. Also, on the basis of the Comet OBServation database,
we calculated photometrical parameters for comet appearances in 1982-2022 and analyzed the dy-
namics of their change. Astrometrica and FindOrb software was used for astrometric analysis and
orbital elements calculations, and Comet for Windows and FoCAs 3.70 software was used for pho-
tometric and dust productivity analysis.
We checked the accuracy of our astrometric results by comparing them with MPC data from the
last 6 months in FindOrb software. We sent the results of 7 nights of observations to the MPC
database with O-C residuals less than 1′′.4 Overall, 157 results of observations were published in
MPC database, and the observations with the highest precision were published in Minor Planet
Circulars. The RA (O-C) residuals of published results of observations vary from 0.02+ to 1.4- arc-
seconds and Declination (O-C) residuals vary from 0.01+ to 1.4+ arcseconds. The mean residuals of
elements of 67P orbit, calculated considering gravitational and non-gravitational effects of A1 and
A2 comet model, vary from 0′′.87 to 0′′.34. As a result of our photometric research, we measured
that the photometric parameters of 67P for 2021-2022 appearance are H0 = 9.59m and K = 5.65,
and the values of the Afρ dust productivity parameter were changing from 102 cm (1 month be-
fore the perihelion) to 317 cm (2 months 2 weeks after the perihelion) without phase correction.
As a result of our photometrical analysis, we report asymmetry between the maximum of apparent
magnitude and the moment of perihelion.
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Search for metallic asteroids
Wednesday 26 October 2022 10:45 (45 minutes)

Metal asteroids are lurking somewhere in the asteroid belt, concealing a source of extraterrestrial
resources, presenting a danger to life on Earth, and holding keys to the early history of the Solar
System.

We know their existence for sure as their fragments are regularly falling on the Earth’s surface as
iron meteorites.

We understand how metal asteroids originated at the molten interiors of planetesimals during
the first few million years of the Solar System’s history and later were liberated in planetesimal
collisions.

But by and large, we still cannot point out particular asteroids and say with certainty that they are
metallic.

How could we? Should we study their spectra? Colors? Albedos? Radar albedos? Thermal
properties? Could we do the impossible and measure their densities?

I will review the status of the search for metal asteroids and try to persuade you that the present-
day negative results can conceal neither the beautifully rich physics of asteroids nor the scent of
shortly approaching discoveries.

Author: Dr GOLUBOV, Oleksiy (Institute of Astronomy Kharkiv National University, Kharkiv,
Ukraine)
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Phase and color ratio method for searching areas
with ananomalous optical roughness on the Vesta

surface
Wednesday 26 October 2022 11:30 (15 minutes)

The last decade has become a significant period for robotic exploration of the Solar system bodies.
Among such research programs was The Dawn Mission to asteroid Vesta and dwarf planet Ceres.
Results obtained during the mission allow us to carry out a detailed analysis of asteroid (4) Vesta
surface properties by using methods that were developed and effectively used in the analysis of
the Moon data.

Using the phase-ratio method provides new ways of searching areas with altered structure of re-
golith on the Vesta’s surface. In our research we used images obtained by the Framing Camera
instrument (FC) during HAMO and LAMO orbital phases.
We could employ a phase-ratio method after several steps of image processing aimed to transform
images to the same map projection, perform radiometric calibration, spectral and photometric
scaling. The resulting phase-function slope has a greater functional dependence on the structural
properties of surface. Moreover, the phase dependencies of several color indexes C(α) = R(λ1,α)

R(λ2,α)

were obtained for each studied area. Comparison of maps of the relative reflectance, color index
and phase ratio allows to identify evidence of slope processes and variations of chemical composi-
tion.

We built maps of the spatial distribution of phase ratio and color index for areas around five craters:
Antonia, Vibidia, Serena, Helena, Laelia. The main results of the investigation will be presented at
the conference meeting.
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Tidal heating in potentially habitable extrasolar
planets

Wednesday 26 October 2022 11:45 (15 minutes)

Even though more than 4000 extrasolar planets are discovered so far, Earth is the only planet in
the Universe known to have life till date. Among them around 60 planets were listed as Potentially
Habitable Extrasolar Planets. This list was prepared on the basis of the details from the Habitable
Extrasolar planets Catalog (HEC) which is maintained by the Planetary Habitability Laboratory
at the University of Puerto Rico at Arecibo. We have studied the internal heat contribution due
to tidal interactions in 60 extrasolar planets which are identified as potentially habitable. The
internal heat due to tidal interactions between host star and extrasolar planets can be calculated
if we know the orbital parameters and the properties of the host star. The estimated total internal
heat at the time of formation of these extrasolar planets is compared with the current tidal heat
contributions. The possibility of extreme volcanism in tidal extrasolar planets and its implications
on its habitability will be discussed in detail.
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India)
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Research of Kuiper belt objects and exoplanet
transits using robotic telescope array

Wednesday 26 October 2022 12:00 (15 minutes)

Currently, an array of 3 telescopes are used to detect objects of the Kuiper belt.
In practice, this is identical to photometric observations of exoplanet transits, but there is a signif-
icant difference in the time of star occultation and the shape of the light curve.
This line of research is relatively new and relevant in the field of solar system astronomy. To suc-
cessfully capture the light curve of a star during the passage of an asteroid over it, a high frequency
of image capture is required. For a 1-kilometer body on
a distance of 40 astronomical units, the occulation time of the star is
160-260 ms if Fresnel diffraction is taken into account. Another field of observations with Colibri
telescope aaray is exoplanet transits.
A simple approach is to follow TESS-detected exoplanet systems for longer periods of time on
small ground-based telescopes. The idea is that if transit observations show
that the system has an exoplanet in a close orbit, then there is a probability that on
there are also planets in distant orbits, that is, longer periods. Long-term observations of TESS-
detected exoplanets will also help clarify
their orbital characteristics for observational candidates for new
James Webb telescope
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Weather on other worlds: from studying clouds and
winds to seeking life

Wednesday 26 October 2022 12:45 (45 minutes)

Weather systems are now known to be ubiquitous on brown dwarfs, and probably also on all
extrasolar planets with atmospheres. Brightness monitoring of rotating brown dwarfs and exo-
planets has revealed storm- and band-like cloud structures, much like on solar system planets.
Spectroscopic monitoring has probed the altitudes and chemistry of the constituent cloud layers.
Astronomy is thus rapidly revealing the structure of exoplanetary atmospheres.

The unprecedented observational precision that enabled these developments has also offered an
interesting new opportunity: to efficiently seek habitable Earth-like exoplanets around very low-
mass stars or brown dwarfs. This is the goal of a new small-satellite telescope mission, POET,
proposed to the Canadian Space Agency and recently endorsed in the 2020 Long Range Plan for
Canadian Astronomy. Any planets discovered by POET may well offer the first opportunity to
discover extrasolar life.
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Characterizing the Input Sample for the POET
Transiting Exoplanet Microsatellite Mission

Wednesday 26 October 2022 13:30 (15 minutes)

Earth-like exoplanets, defined to be rocky extrasolar planets in the habitable zone of their host
stars, are of particular interest in the search for life in the universe. The Photometric Observations
of Exoplanet Transits (POET) satellite is a microsatellite in development with a mission to discover
Earth-like exoplanets around ultracool dwarfs (UCDs) through the transit method. UCDs are M7 or
cooler stars and brown dwarfs. These UCDs are the best targets for detecting Earth-like exoplanets
for numerous reasons. Here, we present the process of building a parent catalogue of all UCD
candidates from Gaia Data Release 3 within 100 pc and brighter than a 2MASS J magnitude of 14.
Ultimately, the goal is to choose approximately 100 UCDs with small radii and inclinations close
to 90◦ to observe with POET to maximize the probability of detecting Earth-like exoplanets.
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Implementation of Floating Point Arithmetics with
Accurate Rounding to the Two Body Problem

Wednesday 26 October 2022 13:45 (15 minutes)

A double-precision format can be used easily for single-precision computa- tions, while for double-
precision computations, extended or higher precision may not be enough in some formats such as
binary64 in IEEE 754-2008 standard. In this study, by using floating-point arithmetics, the required
algorithms to solve the N-body problem more accurately than ordinary computations have been
researched. The pair-precision technique has been used for representing the exact number and
pairs are the representation of double type as a sum of two double variables. The chosen mathe-
matical approaches for algorithms are particularly based on the type of series used. Therefore, it
was identified that if the series is absolute convergent, the order of operations needs to be inverted.
As expected, the results for ordinary and arithmetic operation calculations were acquired to be less
than half the machine epsilon which is the maximum relative error of the rounding mode in effect.
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Investigation of planetary systems of WASP, TrES,
Qatar and Kepler projects by using transit

photometry with O-C parameter tracking and TTV
method application on Kyiv Comet Station

Wednesday 26 October 2022 14:00 (15 minutes)

We report the results of the investigation of five planetary systems TrES-3b, Kepler-17b, WASP-
3b, Qatar-1b, and Qatar-2b. For the exoplanets TrES-3b, Kepler-17b, WASP-3b, and Qatar-1b, the
obtained results of the center-transit time, depth and length of transit agree with the ephemeris
data, while for two observations of the Qatar-2 system for the planet Qatar-2b there is a clear
decreasing trend of the value of the O-C parameter.
Observations were carried out from 2 April 2021 to 14 February 2022 by using a 70-cm reflecting
telescope AZT-8 on the Astronomical Observatory of Taras Shevchenko National University of
Kyiv / Kyiv comet station (Kyiv, Ukraine). Photometric processing of the observation results was
performed by using the Muniwin program. The obtained exoplanet transit brightness curves were
published in ETD. The accuracy and quality of our observations on the ETD database scale ranged
from 1 to 3.
Additionally, applying the method of time transit variation (TTV) to our and Exoplanet Transit
Database (ETD) data, we found a possible gravitational effect on the orbit of the exoplanet Qatar-
2b of another massive body. This suggests that the assumption of the existence of the planet
Qatar-2c conjectured in Bryan et al. (2011) is true.
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Comparative analysis of observations of the selected
exoplanet transits obtained at the Kyiv Comet
station, with TESS and Kepler Space Telescopes

Wednesday 26 October 2022 14:15 (15 minutes)

We present a comparative analysis of observations of the selected exoplanet transits obtained at
the Kyiv Comet station with the database of the TESS (Transiting Exoplanet Survey Satellite) and
Kepler space telescopes. The light curves obtained by the TESS and Kepler orbital telescopes were
processed using a program based on the Python package Lightkurve 2.3v which is freely available
in the MUST archive (Barbara A. Mikulski Archive for Space Telescopes). The ground based obser-
vations were carried out with the 70-cm telescope AZT-8 (Lisnyky). Photometric processing of the
ground based observation was performed by using the Muniwin program. The light curves and pa-
rameters of the observed transits as well as the exoplanet orbital parameters obtained from ground
based observations were published in the ETD (Exoplanet Transit Database). Determined transit
parameters were compared with the results of the TESS command, which are stored in the MUST
archive. Here we presents a comparison of the parameters of transit phenomena (period, depth,
transit duration) and some orbital parameters obtained from two independent sets of observations,
terrestrial and orbital, performed in different epochs.
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Comparison of radioactive element distribution in
Earth, Moon and Mars

Thursday 27 October 2022 12:00 (15 minutes)

We have studied the maps of radio active mineral distribution in Earth, Moon and Mars obtained
from in situ and remote sensing observations. The distribution of U and Th in these rocky plan-
ets show some interesting features in association with internal heat distribution and volcanism.
The results of our studies will be helpful for mining , space exploration and understanding the
geophysical history of these planets.
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Validation of the Earth planetary albedo using top-
of-atmosphere fluxes of numerical weather

prediction model
Thursday 27 October 2022 12:15 (15 minutes)

The Earth Planetary (or Bond) albedo is one of the crucial indicators of the Earth system energy
budget. State-of-the-art approach to estimate the Earth Bond albedo is by processing satellite mea-
surements of the Earth outgoing short-wave radiation. An exceptionally large albedo values (up
to 0.35 daily maximum) in December 2020 were obtained using the data by Earth Polychromatic
Imaging Camera (EPIC) on board NOAA’s Deep Space Climate Observatory (DSCOVR). We com-
pared the finding to the Bond albedo from numerical weather prediction (NWP) model, called
OpenIFS.

The reference Bond albedo by NWP does not capture the surge seen from EPIC processed data,
showing maximum of 0.327 during December 2020. However, the EPIC-based albedo and its
weather model reference match well during December 2016. In this study, we attempt to investi-
gate the cause of discrepancy.

The retrieval of the Earth Bond albedo involves usage of radiation angular distribution models
(ADMs), consideration of Earth-Satellite-Sun geometry, and footprint identification. NWP-based
Bond albedo relies on accuracy of radiation transfer modelling. Among listed, we see flaws in
applicability of available ADMs in certain geometry scenarios and for apparent footprints. While
located close to L1 point during December 2020, DSCOVR receives the Earth outgoing radiation
close to back-scattering, and vast Antarctic ice sheet is apparent.

To address the flaws, we applied ADMs, provided by Clouds and the Earth’s Radiant Energy Sys-
tem (CERES), to the top-of-atmosphere fluxes from NWP model to estimate total Earth irradiance
(W/m2) that DSCOVR satellite receives. We compared our Earth irradiance simulation with mea-
sured by NIST Advanced Radiometer (NISTAR) on board DSCOVR. The simulation systematically
underestimates the measurements during December 2020. We suggest that the reason of both dis-
crepancies in irradiance and in albedo is underestimation of short-wave flux anisotrophic factors
in conditions close to back-scattering.
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Air quality monitoring in Kyiv with the AirVisual
network: pollution by PM 2.5 and PM 10

Thursday 27 October 2022 12:30 (15 minutes)

Atmospheric aerosols significantly affect human health and climate change. These particles have a
strong impact on the energy balance in the Earth‘s atmosphere. At the same time, intense aerosol
contamination causes different diseases and decreases life quality. Therefore, many countries and
cities already have systems and networks for monitoring air quality. The quantitative characteris-
tics of aerosol influences still have not yet been determined properly in large cities of Ukraine and
this work is devoted to this topic.
Particular matter (PM) is one of the most important air quality indicators. The collaboration of sci-
entists from different Ukrainian institutes created four stations of AirVisual in early March 2020
in Kyiv. The last fifth station was installed in June 2020. AirVisual network allows for evaluating
the level of PM2.5, PM10, and CO2 loads. The stations are located to cover the city territory as
much as possible and every station is equipped with an AirVisual Pro sensor.
The AirVisual network provides information about air quality in Kyiv in real-time and these re-
sults are available online. Furthermore, the two and half years set of data is used for analyzing
the changing in PM2.5, PM10, and CO2 concertation during this period. In addition, the AirVisual
observations were compared with the Kyiv AERONET station data, including biomass burning in
March –April 2020. This event indicated extraordinarily high PM2.5 aerosol contamination and
low air quality for Kyiv city and the Kyiv region.
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Antarctic tropopause above Marambio station in the
conditions of the ozone hole during 2004-2019

Thursday 27 October 2022 12:45 (15 minutes)

The theme of the research project: “Antarctic tropopause over the station Marambio in the con-
ditions of the ozone hole during 2004-2019”. The object of study is the polar tropopause of the
Southern Hemisphere. The subject of the study is the change in the height of thermal and ozone
tropopauses in the ozone hole. The aim of this work is to improve the understanding of the dis-
tributions and variations of the ozone content of the upper troposphere - lower stratosphere in
the polar region and the feedback between changes in ozone content and tropopause height. The
project used high-resolution data from polar ozone probes emitted over the Marambio meteorolog-
ical station. The main practical part of the work was the analysis of the peculiarities of the change
of thermal and ozone tropopauses, their comparison, the concentration of ozone at their heights
over the Antarctic region. The results are important not only in terms of establishing the general
ratios of atmospheric parameters, but also in view of the significant impact of changes in altitude
and clarity of the tropopause on metabolic processes (especially ozone) between the stratosphere
and troposphere. The processes of stratospheric-tropospheric exchange and tropopause dynamics,
in turn, play a significant role in regional climate change and through the chain “tropopause-ozone-
ultraviolet content” affect the state of local ecosystems. Therefore, the study of processes in the
field of the tropopause is of considerable practical and scientific interest and the continuation of
work in this direction is very important.
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Dispersion wave analysis of kink-like and
stationary-like current sheet flapping motions in the

Earth’s magnetotail
Thursday 27 October 2022 13:00 (15 minutes)

Comprehensive low-frequency multispacecraft wave study of flapping current sheet oscillations
in the Earth’s magnetotail with different morphologies of oscillation behavior was carried out.
Measurements from the Magnetospheric Multiscale (MMS) mission during 2020/08/26 were ana-
lyzed. Comparison of the results calculated by methods of phase difference, wave surveyor and
Multipoint Signal Resonator technique was performed. It was found that the energy distribution
of wavy magnetic field contains complex multi-branch dispersion dependencies on ky , kz . The
phase velocities of propagation of flapping oscillations were estimated. The applied methods com-
plement each other, and their differences made it possible to assess the presence of nonlinear wave
packets and the azimuthal asymmetry of the current sheet profile.
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Penetration of electric field from the near-ground
source to the ionosphere. Problem of dynamic-

quasistatic limiting pass
Thursday 27 October 2022 13:15 (5 minutes)

The problem with penetration of the ULF electric field, exited by the current source in the atmo-
sphere, into the upper ionosphere is investigated both within the dynamic and the quasi-electrostatic
approach. It had been shown that (1) both approaches yield practically similar results for the pen-
etration of the electric field in the case of closed geomagnetic field lines; (2) in the case of opened
geomagnetic field lines, only dynamic model for the penetration of field from the atmosphere to
the upper ionosphere is adequate.
There is a problem of limiting pass from dynamic to quasi-stationary determination of the electric
field penetrating to the (upper) ionosphere and magnetosphere when the frequency of the current
source located in the lower atmosphere decreases. At the corresponding limiting pass, the quasi-
magnetostatic component should also be present, which wasn‘t taken into account earlier. We
proposed the model of penetration of ULF electric field through the atmosphere-ionosphere sys-
tem with given sources with including the problem of limiting pass from dynamic to quasistatic
modelling.
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Evanescent acoustic-gravity waves in a rotating
stratified atmosphere

Thursday 27 October 2022 13:20 (5 minutes)
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Picoflares in the Solar corona observed by Solar
Orbiter

Thursday 27 October 2022 13:40 (45 minutes)

X-ray monitoring of the Sun inspired Eugen Parker’s description of the elementary unit of energy
release in the corona as nanoflare. He predicted the observation of even smaller events with more
sensitive instruments of the 21st century. Until recently, it was impossible to confirm their exis-
tence in the corona. Moreover, the physical threshold for solar flares has been set at 10²⁴ ergs (one
nanoflare). On May 30, 2020, the Solar Orbiter High-Resolution EUV Imager, designed to mini-
mize stray light and being half the distance to the Sun, recorded heating events with more minor
space-time characteristics than nanoflares (left panel in Figure below). We estimated the thermal
input of events from the derived increase of emission measure and temperature. We compared
these events with the STIX X-Ray microflares recorded during the same period of Solar Orbiter’s
commissioning. We found that observed events emit thermal energy in the picoflare range of 10²¹
–10²⁴ ergs per event, lowering the limit of minimal known solar flares. Events demonstrate the
same relationship between the physical characteristics of solar X-ray flares but at lower ranges
(right panel in Figure below). They are GOES class flares, which are at least five times lower than
A-class GOES flares. (1) Discovered with Solar Orbiter picoflares provide 3% of the additional, pre-
viously unobserved power of the total amount needed to heat the solar corona. (2) Their detailed
morphology, observed at unprecedentedly small scales, is studied using stereoscopic methods.
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Kinematics of coronal mass ejections and auroral
science

Thursday 27 October 2022 14:25 (15 minutes)

An accurate understanding of the propagation of coronal mass ejections (CMEs) is crucial in the
prediction of space weather. CMEs generate geomagnetic storms causing catastrophic damages to
power grids on Earth and are a serious radiation threat to satellites on low-Earth orbit and their
crew during spacewalks. Basic parameters such as their velocity and acceleration varying with
time and heliospheric distance away from the Sun gives researchers the opportunity to predict
their arrival time in the vicinity of the Earth. Once these clouds of charged particles reach the
Earth, aurorae or Northern/Southern lights are generated at higher latitudes. Extreme geomag-
netic storms (kp>4) are a matter of concern and also contribute to a beautiful sight with intense
auroras. Ground based riometers have proven to be an efficient way to detect these KeV elec-
tron precipitation in the ionosphere during auroral formation. Absorption profiles offer a good
approach towards studying various associated parameters and eventually help in building a model
for predicting these events.
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Persistence of weak magnetic cycles during solar
grand minima episodes

Thursday 27 October 2022 14:40 (15 minutes)

Sunspot observations over the past few centuries reveal that the Sun occasionally slips into quies-
cent phases, known as solar grand minima. In our dynamo model, we employ stochastic fluctuation
in the source term of the polar fields to simulate such grand minima episodes. Our simulations
detect a gradual decay of the polar field at the onset of a solar grand minimum followed by a halt
in the polar field reversals. But, the large-scale meridional circulation continuously dredges up
magnetic fields to the solar surface and advects them further to the polar caps. This eventually
builds up polar magnetic fields, strong enough to sustain the regular surface activity again, aiding
in the recovery from the grand minimum. Spectral analysis of the hemispheric polar flux time se-
ries during simulated grand minima reveals the significant signature of multiple frequencies apart
from the 11-year sunspot cycle. In this work, we focus on a ∼ 5-year component and establish its
causal connection with the meridional circulation characteristic timescale. Our numerical results
are in good agreement with the long-term reconstructed solar activity data.
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Transit time estimation of earthbound CMEs
Thursday 27 October 2022 14:55 (5 minutes)

We are working on predicting the time a CME directed towards earth will require to reach earth.
We are using Solar and Heliospheric Observatory (SOHO) and Solar Terrestrial Relations Obser-
vatory (STEREO) twin spacecraft when they are in quadrature configuration. This allows us to
observe the CMEs from two additional directions and get rid of the projection effect .
In our studies We are using the Maximum velocity of a CME in its trajectory (obtained from its
velocity profile)as its initial velocity, This parameter is highly correlated to its final velocity .us-
ing this method and by performing manual observation of 51 halo and partial halo CMEs ejected
between 2009-2013 we have already measured transit time of CMEs from sun to earth(TT) with ac-
curacy same as it is present in literature but with a significant improvement in error of maximum
transit time estimation. In literature it was 50 hours however using our method we drastically
reduced it to 29 hours .
Now we are adding observation from one more instrument Coronograph1(Cor1) of STEREO(A
or B) of the CMEs from 2009-2013 along with 2017-2021. As this instrument has a field of view
closer to the sun(1.4-5 solar radii) the measurement of the maximum velocity of CME will be more
accurate.

The novelty of our work is it can be used for quick estimation of transit time(TT) which is necessary
for any space weather forecasting and the error of TT estimation is significantly lower. And we
believe incorporating Cor1 observation and with a larger dataset using our method, we will get an
even more accurate measurement.
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Coherent structures of kinetic Alfven wave to study
solar wind at 1AU

Thursday 27 October 2022 15:00 (15 minutes)

Alfvén waves are fundamental low frequency electromagnetic plasma wave that permeate the
universe. At small kinetic scale these waves known as kinetic Alfvén waves and at this scale these
waves transfer the energy between electromagnetic fields and charged particle in solar wind [1].
I study the kinetic Alfvén waves in solar wind at 1AU, when the background plasma density is
modified by parallel ponderomotive force and Joule heating. Numerical method has been used
to analyse the evolution of KAW coherent structures in solar wind at 1AU [2]. These coherent
structures at kinetic scale follow Kolmogorov scaling in inertial range [3]. Steepened spectrum has
been achieved in the dispersive range, which is continues in the dissipation range. Our obtained
results reveal that the coherent structures of kinetic Alfvén waves plays an important role for
transferring the energy from larger length scales to smaller length scales in solar wind at 1AU.
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Magnetic switchbacks in the young solar wind:
generation and evolution

Thursday 27 October 2022 15:15 (45 minutes)

A major discovery of Parker Solar Probe (PSP) was the presence of large numbers of localized
increases in the radial solar wind speed and associated sharp deflections of the magnetic field -
switchbacks (SB). A possible generation mechanism of SBs is through magnetic reconnection be-
tween open and closed magnetic flux near the solar surface, termed interchange reconnection that
leads to the ejection of flux ropes (FR) into the solar wind. Observations suggest that SBs undergo
merging, consistent with a FR picture of these structures. The role of FR merging in controlling
the structure of SBs in the solar wind is explored through direct observations, analytic analysis,
and numerical simulations. Analytic analysis reveals key features of the structure of FRs and their
scaling with heliocentric distance R that are consistent with observations and demonstrate the
critical role of merging in controlling the structure of SBs. FR merging is shown to energetically
favor reductions in the strength of the wrapping magnetic field and the elongation of SBs. A fur-
ther consequence is the resulting dominance of the axial magnetic field within SBs that leads to
the observed characteristic sharp rotation of the magnetic field into the axial direction at the SB
boundary. Finally, the radial scaling of the SB area in the FR model suggests that the observational
probability of SB identification should be insensitive to R, which is consistent with the most recent
statistical analysis of SB observations from PSP.
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Supernova remnants are sources of Galactic cosmic
rays, or are they?

Friday 28 October 2022 12:15 (45 minutes)

Supernova remnants (SNRS) are widely considered to be the main candidates for sources of Galactic
cosmic rays. The main argument for this remains the energy budget provided by SNRs, which is
sufficient to explain the cosmic-ray energy density. It is also established that SNRs can effectively
accelerate particles at their shocks, which is confirmed by detection of non-thermal X-ray and
gamma-ray emission from a number of remnants. There are still, however, quite a few problems
with this scenario, which will be extensively discussed in the lecture.
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The curvature emission model of unusual neutron
star candidate 1RXS J141256.0+792204 (Calvera)

Friday 28 October 2022 13:00 (15 minutes)

The non-thermal emission theory is constructed, interpreting the observational properties of the
unique pulsar 1RXS J141256.0+792204 (Calvera) in X-rays that is believed to be thermally emitting
isolated neutron star. Calvera was observed in the X-rays with XMM Newton /EPIC twice for a
total exposure time of 50 ks. It is unique isolated pulsar, because it cannot be detected by radio,
optical and gamma-rays, however, it is detectable through the purely thermal emission in soft X-
rays. A different approach of curvature emission scenario is considered, giving the spectral energy
distribution that is in a good agreement with the XMM-Newton observational data, which can be
also successfully fitted with the pure Planckian spectral shape. We do not argue against thermal
emission scenario relying on spectral analysis results, as additional observational properties are
acquired for distinguishing between existing emission scenarios.
The work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG)
[FR-18-14747]
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X-ray intraday variability of the TeV blazar Mrk 421
with XMM-Newton

Friday 28 October 2022 13:15 (15 minutes)

Markarian 421 is a bright high synchrotron energy peaked blazar showing wide featureless non-
thermal spectrum. We analyse the large set of its X-ray observations taken with the EPIC-PN
instrument onboard XMM-Newton satellite to probe into the intraday variability properties ob-
served in the source. The photon energy band of 0.3 - 10.0 keV, and its sub-bands, soft 0.3-2.0
keV and hard 2.0-10.0 keV, data are analysed over 17 years of observations. Fractional variability
amplitude and the minimum variability timescale has been calculated. We also probed into the
spectral variability by studying hardness ratio for each observation. The correlation between the
variability in the two energy bands has been studied using the method of discrete correlation func-
tion and by inspecting the
normalized light curves.
The fractional variability displays clear variability in 23 observations out of 25. The minimum flux
variability time scale τ var ranges from 1.03 ks to 10.59 ks. The fractional variability is higher in the
higher energy band than the lower energy band. In the HR-I diagram the source typically shows
the harder-when-brighter trend. An interesting trend was revealed for the time lags observed in
DCFs, which has the tendency to change sign with the observed lower and higher fractional vari-
abilities. The circular loop structures observed in HR-I plots are accompanied by different signs of
the measured time lag. From our single frequency band analysis, we speculate on the constraints
for possible particle acceleration and emission processes in the jet, supporting the processes in-
volving a turbulent behavior except of shocks.
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Neutrinos oscillation : a qualitative analysis
Friday 28 October 2022 13:30 (15 minutes)

To explain the experimental results of neutrino oscillations it is necessary to consider
hope that these particles are massive; however, the standard model of particle physics
elements, the most successful theoretical scheme that explains with good precision three of the
four interfundamental actions of nature, neutrinos are assumed to be massless particles.
The difficulty in solving this problem entails a physics beyond the standard model, extending
sions of the standard model, which allow mechanisms that generate mass for neutrinos.
In this contribution, a conceptual and historical review of the Physics of neutrinos is elaborated,
from his nomination by Wolfang Pauli, to the most recent investigative advances to theoretical and
experimental level. We consider it of paramount importance to analyze the external perspectives
experiments that can provide partial answers about the masses and oscillations of the neutrinos.
Keywords: neutrino, oscillation, flavor, standard model, Majorana, Dirac
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Rotochemical heating in hybrid stars
Friday 28 October 2022 13:45 (15 minutes)

The spin-down of a compact star causes perturbations in the internal chemical equilibrium state,
and, consequently internal heating dubbed as rotochemical heating.
Moreover, the fact that the cores of compact stars are thought to reach baryon densities as high as
a few times the nuclear saturation density, renders them ideal
candidates of being host to deconfined quark matter, the latter implying the existence of hypothet-
ical objects such as hybrid stars and quark stars. We study the
effect of this heating mechanism on the thermal evolution of millisecond pulsars with quark core,
considering that both phases, i.e. hadron and quark matter,
departured from beta equilibrium. The main emphasis is given to the impact of deconfinement
phase transition on the rotochemical heating.
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Impact of asymmetric bosonic dark matter on
neutron star properties

Friday 28 October 2022 14:15 (15 minutes)

We propose a novel model of asymmetric bosonic dark matter (DM) with self-repulsion mediated
by the vector field coupled to the complex scalar particles. By adopting the two fluid formalism,
we study different DM distribution regimes, either, fully condensed inside the core of the star or,
otherwise, distributed in a dilute halo around the neutron star (NS). We show that DM condensed
in a core leads to a decrease of the total gravitational mass and tidal deformability compared to a
pure baryonic star with the same central density, which we will perceive as an effective softening
of the equation of state (EoS). On the other hand, the presence of a DM halo increases the tidal
deformability and total gravitational mass.
As a result, DM could affect the NS properties by softening or stiffening the EoS. We demonstrate
how observational data on compact stars could be employed to place constraints on strongly in-
teracting matter at high densities. Moreover, we examine the limit where DM accrued in a core
could cause the gravitational collapse. An implication of the proposed EoS and tests against astro-
physical and GW observations are performed for DM particles in a MeV-GeV mass-scale, various
interaction strength, and relative DM fractions inside NSs.
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Dark matter profiles of SPARC galaxies
Friday 28 October 2022 14:30 (15 minutes)

Stellar and gas kinematics of galaxies are a sensitive probe of the dark matter distribution in the
halo. The popular fuzzy dark matter models predict the peculiar shape of density distribution in
galaxies: specific dense core with sharp transition to the halo. Moreover, fuzzy dark matter predicts
scaling relations between the dark matter particle mass and density parameters. In this work, we
use a Bayesian framework and several dark matter halo models to analyse the stellar kinematics
of galaxies using the \textit{Spitzer Photometry \& Accurate Rotation Curves} database. We then
employ a Bayesian model comparison to select the best halo density model. We find that more
than half of the galaxies prefer the fuzzy dark model against standard dark matter profiles (NFW,
Burkert, and cored NFW). While this seems like a success for fuzzy dark matter, we also find that
there is no single value for the particle mass that provides a good fit for all galaxies.
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Indication of a Local Source of Ultra-High-Energy
Cosmic Rays in the Northern Hemisphere

Friday 28 October 2022 14:45 (15 minutes)

The Pierre Auger Observatory (PAO) and Telescope Array (TA) collaborations report significant
differences in the observed energy spectra of Ultra-High-Energy Cosmic Rays (UHECRs) above
30˜EeV. In this work, we present a joint fit of TA and PAO data using the rigidity-dependent max-
imum energy model, and including full marginalization over all relevant parameters. We show
that the presence of a local astrophysical source in the Northern Hemisphere, which is only visible
by the TA experiment, can reconcile PAO and TA measurements up to the highest energies. We
demonstrate that the presence of that local source is favored at the 5.6σ level compared to the
scenario where both experiments observe the same UHECR flux from a cosmological source dis-
tribution.
We also quantify that the astrophysical explanation can describe the current data better than a
scenario where the differences in the observations are explained by experimental systematics
(i.e., energy-dependent shifts). Having tested different mass compositions emitted from the lo-
cal source, we conclude that the data are best described by a source lying at a distance of about
14˜Mpc that emits cosmic rays dominated by the silicon mass group; we also discuss possible source
candidates.
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Model for nuclear radio emission in
super-Eddington AGNs

Friday 28 October 2022 15:00 (5 minutes)

“Romero, G.E.The radio emission mechanism in active galactic nuclei (AGN) with high accretion
rates is unclear. We propose that clouds from the broad-line region (BLR) propagating with su-
personic velocities in the wind of the accretion disk may lead to the production of non-thermal
radiation. We determine the conditions under which the BLR clouds are not destroyed by shocks
or hydrodynamic instabilities. Such clouds produce bowshocks in the wind that are suitable sites
for particle acceleration. We develop a semi-analytical model
to calculate the distribution of relativistic particles in these bowshocks and the associated spec-
tral energy distribution (SED) of the emitted radiation. For typical parameters of super-accreting
AGNs, we find that they can produce non-thermal radiation from radio up to a few tens of TeV,
with very slight absorption effects, if the interaction occurs outside the wind photosphere.
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