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Study of High-luminosity Objects in the Field of Galaxies from the Local Volume

Project guidelines Our goals

* Discovery and spectral confirmation of unknown quasars and search for periodic

» Quasars are the objects with the highest known luminosity in the Universe. They are powered by the accretion of matter into supermassive black holes at the !
quasars in the field of M31. Also, obtaining their redshifts through the prominent

centers of distant galaxies (Lynden-Bell 1969, Nature, 223, 690). Their study in the fields of nearby galaxies is important because they set a fixed reference frame for

astrometric measurements, allow the estimation of the absorption in the galactic discs, and probe the kinematics and chemical composition of the galactic medium. broad emission lines.

« High luminosity stellar objects in galaxies are the luminous blue variables (LBV). They are characterized by variability on different time scales. The largest changesin | | * Follow, analyze, and physically interpret the changes in brightness of LBVs and other
their brightness are associated with ejections of a solar mass over tens of years, but smaller brightness changes over weeks and months are also recorded. The study va.rlables thru'ugh optical I.:ght e and spectra. Measure the amplitude _Df
of LBV is crucial for understanding the physics and evolution of these massive and rare stars, as well as for the various mechanisms responsible for their variability. brightness variation on arbitrary time scales and show the presence of potential

« Another high luminosity stellar objects in galaxies are the novae (classical, recurrent, dwarf). They are important for studying the physics of the explosions in these quasi-periodicity.

binary systems and their physical characteristics. As well, they can be used as distance indicators in the Universe (Kasliwal et al. 2011, ApJ, 735, 94). Due to the | | * Detection and photometric classification of novae and recurrent novae in nearby
unpredictability of these transients, their discovery, confirmation and follow-up observations are difficult which in turn hampers their detailed study. galaxies (M31, M33, M81, etc.). Determining the spatial distribution of different
 Globular clusters (GCs) are high-luminosity objects in the Milky way (Cruz Reyes & Anderson 2024) and the M31 galaxy (Agar & Barmby 2013, AJ, 146, 135). Ellipticity types in different galaxies (Williams et al. 2016, ApJ, 817, 143) and their progenitors.
is a key structural parameter of GCs, likely linked to their rotation, and it correlates with various properties such as luminosity/mass, size, metallicity, and age. Recent | | * Determine unmeasured structural parameters of GCs in the Milky Way and M31
catalogs of Milky Way GCs (Chen & Chen 2010; Cruz Reyes & Anderson 2024) provide ellipticity estimates; however, detailed studies on ellipticity radial variations galaxy. Study the radial distribution of their ellipticities and search for a relationship

remain scarce. Galactic M2 GC is an excellent target to study ellipticity variations since several optical data sources are available. with different their properties - X-ray luminosity, mass, age, size, etc.
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Periodicity in the historical light curve of

Structural parameters of the globular cluster M2

the LBV star ny Carinae determined by ellipse fitting of stellar density

Georgiev Ts. B., Valcheva A., Nedialkov P. L., Stefanov §., Moyseev M.
published in Bulgarian Astronomical Journal, 2025, 43, 1

Botev S., Petrov G., Valcheva A., Nedialkov P., 2025, accepted for publication in Physica Scriprta
n Carinae is a nearby LBV binary system with a highly eccentric orbit (e ~0.9) and very high

luminosity ~5x10 Ly, During its "Great Eruption” between 1837 and 1843, it reached a This research is focused on the estimation of structural parameters (center coordinates, ellipticity
brightness of about -1 mag and after 1856, its brightness dropped well below naked-eye and position angle PA) of the galactic globular cluster M2 (RA = 21hM 33™ 274,02 and DEC = -0° 49’
visibility. Since 1941, n Car’s brightness exhibited a gradual increase (O'Connell 1956). 23".7 (J2000)) by the use of the optical BV photometry from Lee & Carney (1999) and gi photometry

e compiled two centuries historical light curve (1823-2023) of n Car in BV band &Y from Pan-STARRS DR1 (Flewelling et al. 2020). The study was performed via ellipse fitting on 2D
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Periodograms from CLEAN and Lomb-Scargle methods. (b,c): for "recent” B and V-data sets. P ~N observations are performed with standard Johnson-Cousins VRI band filters. The variability and periodicity
It is interesting to note that we obtained P;=5.6 yr based on the "earlier” V band LC. The of each quasar are analyzed individually and discussed, along with the physical properties of each quasar.
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Search and study of the brightest stars in

which does not make the change of AP,=0.1 yr significant but it is confirmed by all methods The analyaig was made using the QSO-Striker '® 2070524 Saing, a
applied in our analysis. n Car kept ejecting mass and the mass of the primary keeps 1C342 Galaxy (https://  github.com/ 3fon3fonov/ QSO- QSOB312i7857 i
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ioetection of strong H-alpha emission from recent novajg™" d) 1 Ble]-supergiant candidate To estimate the confidence of the periodic model, five theoretical models are used: (i) a ‘flat’ model -
Ie[rl:ﬂ&l, N e Rt E R e) 1 Supernova remnant assuming there is no signal in the data; (ii) linear model - assuming there is a linear trend in the data; (iii)
e, - f) 1 foreground Milky way star periodic model - assuming there is a sinusoidal periodicity in the data; (iv) periodic plus linear model -
AT2024pbp, Ha = 15.98 + 0.06 mag;  AT2024nct, Ha = 15.51 £ 0.02 mag g yay assuming there is a periodic change with linear trend and (v) DRW model - assuming there is a stochastic
h’“'”m‘"w"" Ha=1573+002mag: -AT20248t, Ha=15.55+0.02 mag . . . : . — process (Kelly et al. 2009). A strongly favored model is granted if the difference of the Bayesian log
The strong Ha emission detected from AT2024pbp, AT2024nct, § - evidence of the competing models is A InZ >5.
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MNetection of H-alpha emission from M31 55l i . i Vi “, . Spectrum of a typical NELIREE§object (APO) - QSO B0014+812 is the least variable quasar in our sample, with no significant periodicity.
nova candidate AT2024rkz, Y /= c — - +744 is most ‘active’ quasar with a fast stochastic variability of 0.4 mag in our sample.
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We detect strong Ha emission from M31 . 2 2 4L twunr TS i 1 7517 have evidences of periodic variability in the light curves and they are a valuable addition to the
nova candidate AT2024rkz. sk o = : - e .
# Date UT, Filter Magnitude Error: 50 48 456 44 42 30 38 36 34 EE L growing sample of quasars with periodic flux variation. o . e
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AT2024rkz, 50 days after the optical maximum evolutionary tracks for stars of 20 - 350 M. SpeciRofa (BTA) surrounding supermassive black holes. They can be targets for a study of the various emission mechanisms
{nnﬁrms that the transient is a nova in M31. n) y Qvithin quasar environments. ¥
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Research field: Members of the group

Conclusion

« Within the framework of the project, the active study of the photometric variability of high-luminosity stars in galaxies from the Local Volume continues, as well
as the active search and study of the properties of novae (classical and recurrent) in the nearby galaxies M31, M33, M81. Astronomy and Astrophysics Assoc. Prof. Petko Nedialkov
¢ Research continues on the discovery of unknown quasars, confirmation of their nature through spectral observations and the search for periodic changes in Assist. Prof. Georgi Petrov

their luminosity. Long-term observations allow for the tracking of quasar behavior over extended periods, revealing trends and gradual changes in brightness : .
properties. Detection of periodic variability in their light curves suggests the presence of underlying physical processes related to the binary black hole system. Head of the research group Er' :4";3” :I”t]ev BED
vetoslav Botey,

» Ongoing studies are focused on determining previously unmeasured structural parameters (ellipticity, position angle, center's coordinates, orbital eccentricity, i Maria Petk MS
etc.) of globular clusters and studies how these parameters are influenced by their X-ray luminosity. Assoc. Prof. Antoniya Valcheva Blid Pethovd, €
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