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11 July 2022 (Monday)

Time: 14:15-15:00
Title: The Gaia Mission
Speaker: Jos de Bruijne (ESA, ESTEC, The Netherlands)
Abstract: I will provide an overview of the Gaia mission, its latest data release (Gaia DR3),
and the Gaia ESA Archive.

Time: 15:15-16:00
Title: Gaia data releases: a gold mine for astrophysics
Speaker: Antonella Vallenari (Padova Astronomical Observatory, Italy)
Abstract: The European Space Agency's Gaia mission is now at the third data release. This
and the previous data releases provide a gold mine for many fields of astrophysics. Here I will highlight
the most significant results obtained with Gaia data

Time: 16:00-16:45
Title: The Gaia DR3 chemo-dynamical cartography of the Milky Way
Speaker: Alejandra Recio-Blanco (Boulevard de l'Observatoire, France)
Abstract: The motion of stars has revealed the complex history of the Milky Way, in
constant interaction with its environment. In particular, stellar orbits and kinematics have
uncovered the considerable proportion of merger debris in the halo, and the Galactic disc, as
well as the disc phase mixing process, possibly due to the interaction with a satellite galaxy.
Nevertheless, to reconstruct the Galactic history puzzle, the chemo-physical characterisation
of stars is essential. The orbit of a star evolves in response to fluctuations in the Galaxy's
gravitational field. As a consequence, the interpretation of stellar motions in terms of
evolutionary processes to reconstruct the Milky Way's history is hampered by degenerate
explanations and the complex interplay of different physical mechanisms. Therefore, studying
the chemo-physical properties of matter is essential to comprehend the Galaxy in which we
live. Previous Gaia data releases were supported by a smaller, heterogeneous, and spatially
biased mixture of chemical data from ground-based observations. But the context is now
evolving and the Gaia Data Release 3 opens a new era of all-sky spectral analysis of stellar
populations. In this talk, I will present the work included in one of the Gaia DR3 performance
verification papers, Gaia Collaboration Recio-Blanco et al., illustrating Gaia's Milky Way
chemical cartography through a chemo-dynamical analysis of disc and halo populations. Gaia
DR3 stellar spectroscopic atmospheric parameters and chemical abundances for about 5.5
million stars (Recio-Blanco et al. 2022) are combined with DR3 radial velocities and EDR3
astrometry to analyze the relationships between chemistry and Milky Way structure, stellar
kinematics and orbital parameters.

Gaia DR3 chemo-dynamical diagnostics open new horizons before the era of ground-based
wide-field spectroscopic surveys. They unveil a complex Milky Way that is the outcome of an
eventful evolution, shaping it to the present day.



12 July 2022 (Tuesday)

Time: 14:00-14:45
Title: Gaia spectrophotometry
Speaker: Josep Manel (Institut de CiÃ¨ciències del Cosmos - Universitat de
Barcelona)
Co-authors: Gaia CU5 DPAC team
Abstract: The last Gaia data release (Gaia DR3) published for the first time the
spectrophotometric mean spectra for more than 200 million sources. These spectra can be used to
determine the global astrophysical parameters of the observed sources and also helps the astrometrical
measurements, determining the centroid variations with the color of the source. There are two types of
such spectra, one centered at blue wavelengths (Blue photometer, or BP) and another at red
wavelengths (Red photometer, or RP). In the catalogue, these spectra are described as a set of
coefficients in an optimized set of basis functions. This talk describes the characteristics of the BP and
RP data in the catalogue and shows some preliminary results obtained with them.

Time: 14:45-15:10
Title: Estimating stellar parameters from Gaia's low-resolution BP/RP spectra
Speaker: René Andrae (Max Planck Institute for Astronomy, Heidelberg, Germany)
Co-authors: R. Andrae, M. Fouesneau, R. Sordo, C.A.L. Bailer-Jones, T. Dharmawardena, F.
De Angeli
Abstract: 220 million low-resolution BP/RP spectra have been published in Gaia DR3,
which will play a key role in characterizing stars in the foreseeable future. I will explain how I have
used these to estimate the stellar parameters for 471 million stars also published in Gaia DR3. In
particular, I will emphasize the importance of not normalizing BP/RP spectra and instead exploiting
their apparent flux levels: This, together with the parallax and photometry from Gaia, not only provides
powerful constraints on stellar parameters, but also imposes specific requirements on the design of the
algorithms and the models that are used. I will discuss the systematic mismatch between stellar model
SEDs and observed BP/RP spectra and how data-driven methods may help us to overcome this
limitation. Along the way, I will present results from the Gaia DR3 stellar parameters that can be seen
as a benchmark for further work by the community. Finally, I will touch on the notoriously challenging
task of estimating reliable uncertainties. Here I will focus on the value of using repeated observations
of the same sources, which has been used in Gaia DR3 in order to validate the uncertainty estimates of
BP/RP spectra, integrated photometry, and stellar parameters.

Time: 15:10-15:25
Title: Chemical evolution models constrained by the Gaia chemical cartography
Speaker: Emanuele Spitoni (Observatoire de la Côte d’Azur, NICE, France)
Abstract: Gaia/DR3 provides chemical abundances, and in particular [alpha/Fe] ratios, for
an unprecedented number of stars. This unique database will be used to test present-day chemical
evolution models tailored to ground-based spectroscopic survey data. The analysis of the data of
diverse spectroscopic surveys such as APOGEE, GALAH suggests the existence of a clear distinction
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between two sequences of disc stars in the [alpha/Fe] vs. [Fe/H] abundance ratio space: the so-called
high-α sequence, classically associated to an old population of stars in the thick disc, and the low-α
sequence, which mostly comprises relatively young stars in the thin disc. We find that the chemical
dilution due to a late accretion event of gas with primordial chemical composition is the main driver of
the [alpha/Fe] vs. [Fe/H] abundance pattern in the low-alpha sequence. Our analysis based on
APOKASC and APOGEE DR16 data suggests a significant delay time, ranging from ∼3.0 to 4.7 Gyr,
between the first and second gas infall events. Analyzing Gaia/DR3 data, we will discuss whether the
significant time delay between the two gas accretion episodes (which characterizes the two-infall model
constrained by APOGEE data) will allow us to also reproduce  Gaia/DR3 chemical abundances.

Time: 15:45-16:30
Title: The impact of Gaia on star clusters research
Speaker: Elena Pancino (Osservatorio Astrofisico di Arcetri, Italy)
Abstract: I will present a brief overview of recent results based on Gaia data, in the field of
open and globular cluster research, including the well-known improvements in cluster detection,
membership evaluation, and kinematics. I will also touch upon the power of Gaia photometry in the
study of star clusters and present a few more new Gaia results that have an impact not only in our
understanding of the properties of star clusters, but also on stellar evolution in general. I will finally
present an outlook of the extraordinary content of Gaia DR3 and its implications for star cluster
research.

Time: 16:30-16:55
Title: Kinematics and dynamics of globular clusters with Gaia
Speaker: Davide Massari (INAF, Bologna - ITALY)
Abstract: Gaia data has led to a revolution in our understanding of star clusters in the
Milky Way. In this talk I will focus on globular clusters, and more specifically on how the study of their
kinematics and dynamics has enabled fundamental advances in the reconstruction of the Milky Way
assembly history.
I will summarize the characteristics of past merger events experienced by the Milky Way and
discovered thanks to Gaia, and I will show how globular clusters are the only kind of tracers able to
identify merger debris in Galactic regions that are either too extinct or too far away to be studied with
stars.

Time: 16:55-17:10
Title: Age dissection of the vertical breathing motions in Gaia DR2: evidence for
spiral driving
Speaker: Soumavo   Ghosh (Max Planck Institute for Astronomy, Germany)
Co-authors: Victor P. Debattista, Tigran Khachaturyants
Abstract: Gaia DR2 (along with earlier surveys) has revealed vertical breathing motions in
the Milky Way, with stars on both sides of the Galactic mid-plane moving coherently towards or away
from it. The generating mechanism of these breathing motions is thought to be spiral density waves;
however, the full consensus is still missing till date. In this talk, first I will discuss the characteristics of
such vertical breathing motions driven by spiral density waves by making use of a high-resolution,
self-consistent simulation of a Milky Way-like galaxy, and how the amplitudes of the resulting
breathing motions vary with stellar populations of different stellar ages. Also, I will highlight our



findings about the age variation of the vertical breathing motion of the Milky Way, obtained from the
Gaia DR2, and what better understanding can be achieved with the upcoming Gaia data releases.

Time: 17:10-17:25
Title: Mapping the Milky Way Disk Population Structures and Galactoseismology
(MWDPSG): Outer disk ridge
Speaker: Hai-Feng Wang (Paris Obs.)
Co-authors: Peng Yang, Zhi-Quan Luo, Thor Tepper-GarcÃ a
Abstract: We investigate the kinemato-chemical distribution of a sample of Red Giant
Branch (RGB) stars from the LAMOST survey crossed matched with Gaia DR2 proper motions, and
present the time tagging for the well-known ridge structures (diagonal distributions in the 𝑅, 𝑉𝜙 plane)
in the range of Galactocentric distance R = 8 to 18 kpc. We detect six long-lived ridge structures,
including five ridges apparent in the radial velocity distribution and one ridge apparent in the vertical
velocity. Based on an analysis of the evolution of the angular momentum distribution, we find that four
ridges are relatively stationary, while another is evolving with time, which is confirmed by the
difference analysis at different populations and supporting that there might be two kinds of dynamical
origins with possible coupling mechanisms. Furthermore, ridge features are also vividly present in the
chemical properties ([Fe/H], [𝛼/Fe]), in particular for the mass distribution (M). The comparison
between the north and south hemispheres of the Galaxy does not show a clear asymmetry in the phase
space location even though the amplitude (e.g., vertical velocity) is asymmetrical. Moreover, we find
that diagonal ridge structures may affect the shape of the rotation curve.

Time: 17:25-17:40
Title: The chemical signature of the Galactic spiral arms revealed by Gaia DR3
Speaker: Eloisa Poggio (Observatoire de la Côte d'Azur, France)
Abstract: Using Gaia Data Release 3 (DR3), we map chemical inhomogeneities in the
Milky Way's disc out to a distance of ~4 kpc of the Sun, using different samples of bright red giant
branch (RGB) stars. We find that the observed chemical patterns strongly depend on the adopted
sample. We detect remarkable inhomogeneities, which appear to be more prominent and structured for
the RGB sample containing hotter stars (i.e. with larger effective temperature). This sample exhibits
three (possibly four) metal-rich elongated features in the Galactic plane, which are located in proximity
of the spiral arms in the Galactic disc. When projected onto Galactic radius, those features manifest
themselves as statistically significant bumps on top of the observed radial gradients. In contrast, the
cooler RGB sample presents a relatively smooth decrease as a function of Galactic radius. The
correlation between the spiral structure of the Galaxy and the observed chemical pattern in the hot RGB
sample indicates that the spiral arms might represent the origin for the detected chemical
inhomogeneities, leaving a strong signature in the hot RGB sample, which progressively disappears
when cooler RGB stars are considered.



Poster presentations/ Short talks
Time: 15:25-15:31

Title: Temporal evolution of Abundance gradients in the Milky Way galaxy
Author: Tejpreet Kaur (Punjab University)
Co-author: Sandeep Sahijpal
Abstract: The galactic chemical evolution (GCE) models determine the formation and
evolution of the Milky Way Galaxy after the origin of the Universe. In our GCE models, the galaxy
forms by the gradual accretion of the intergalactic gas. Various gas infall models are incorporated to
form the galactic halo, thick and thin disc components. The accreted gas forms numerous generations
of stars in the mass range of 0.1 to 100 Mʘ, governed by star formation rate and initial mass function in
the galaxy. These stars evolve over the galactic time scale and contribute to the nucleosynthetic yields
and stellar remnants at the end of their lifetime. The freshly synthesized elements from each generation
of stars enrich the metallicity of the interstellar medium, which evolves over the galactic timescale. Our
GCE models predict the temporal evolution of the abundance gradients and age-metallicity trends for
elements up to Zn over the galactic time scale. The predicted normalized abundance gradients for C, N,
O, Mg, Si, Ca, Ti, Fe, and Zn are compared with the observational data.

Title: Accretion and disk dissipation time scales of pre-main-sequence stars:
Insights from Gaia DR3 BPRP spectra
Author: Prasanta K. Nayak (TIFR, Mumbai, India)
Co-authors: Manoj Puravankara, Mayank Narang, Himanshu Tyagi, Bihan Banerjee
Abstract: Disk lifetimes around pre-main-sequence (PMS) stars are found to be ~ a few
Myr with most stars appearing to lose their disks in ≲ 6 Myr, with a few (∼5-10%) lasting to about
10-12 Myr (e.g., Haisch et al. 2001; Hernandez et al. 2007; Ribas et al. 2014). So, the accretion process
stops within a few Myr. However, recent studies have shown that accretion persists in cool PMSs even
at an age of ≳ 20 Myr ( Silverberg et al. 2020). Therefore, a detailed study of the driving mechanism of
accretion and its temporal evolution is critically important to our understanding of disk evolution and
planet formation around young stars. However, this study requires spectroscopic observation of a large
number of PMS distributed over a large age and mass range. The recent Gaia Data Release 3 helps us to
carry out the study by providing low-resolution BP/RP spectra as well as equivalent width of Hα (a
secondary signature of accretion) for some few thousand PMS stars within a distance of 250 pc. At the
Gaia Symposium, I will discuss how the accretion dissipation time scale of young PMS stars varies as a
function of their mass and spectral types.



13 July 2022 (Wednesday)

Time: 14:00-14:45
Title: Variable stars in the Gaia Era
Speaker: Gisella Clementini (INAF - Osservatorio di Astrofisica e Scienza dello
Spazio (OAS), Bologna)
Abstract: The last couple of decades have seen a true revolution in the field of stellar
variability thanks to the increasing number of ground/space-based facilities and surveys that have been
collecting multi-epoch photometry over large portions of the sky. A leading role in this revolution is
played by Gaia, the ESA cornerstone mission that monitors the whole sky since July 2014, obtaining
astrometric parameters (positions, parallaxes and proper motions) and multi-epoch photometry in three
different pass-bands (Gaia G, G_BP and G_RP) of sources down to a limiting magnitude G = 21 mag.
The spacecraft also simultaneously collects spectroscopy with the Radial Velocity Spectrometer (RVS)
of the sources brighter than V ~ 16 mag.

On 13 June 2022, the second installment of Gaia third data release (DR3), published time series
multi-band photometry and parameters for about 11 million variable sources of more than 20 different
variability types. Epoch radial velocities from the RVS have also been released for 1096 RR Lyrae stars
and 799 Cepheids.

We briefly outline technical aspects of the variability data processing in the Gaia mission and
discuss some of the Gaia DR3 variability results, focussing more specifically on RR Lyrae stars and
Cepheids, in light of the impact these variable stars have on the definition of the cosmic distance ladder
and the study of resolved stellar populations in and beyond the Milky Way.

Time: 14:45-15:10
Title: Variable stars with Gaia: A User's Guide
Speaker: Hitesh Lala (ARI-Centre for Astronomy of Heidelberg Uni., Germany))
Abstract: We have created a carefully-curated catalog of over 300,000 RR Lyrae stars
(RRab & RRc) and over 20,000 Cepheids (Classical, Type-II & Anomalous) in the Milky Way
neighborhood. It contains 7-D information including positions, proper motions, distance, radial
velocity, and metallicity. In the process, we have homogeneously combined ten photometric and six
spectroscopic surveys. We have ensured minimal contamination in our sample by cross-validating the
classifications and periods across various surveys (including Gaia DR3). We have employed three
independent calibrators for computing the distance to our stars: a. Astrometry-based Luminosity
computed using Gaia DR3 parallax; b. Large Magellanic Cloud population; c. Globular cluster
members wrapped in a partially-pooled multi-level Hierarchical Bayesian model. The Period-Wesenheit
laws obtained to get these three sets of distances were fit using Bayesian robust regression, which offers
a complete treatment of uncertainties and is immune to outliers. After validation, we found these
distances to be greater than 95% accurate (even at 150 kpc) and have been estimated to a <5%
precision. For our RR Lyrae sample (both RRab and RRc sub-types), we have also obtained
photometric metallicity estimates on a new homogeneous scale creating the largest sample of RR Lyrae
iron-abundances. Harnessing this catalog, we have discovered several new members of Galactic
streams and over-densities. The re-discovery of already-identified members validates our distances, and



metallicities, while the new ones enable precise measurement of these parameters for the very first time
for many of these substructures.

Time: 15:10-15:25
Title: Follow-up observations of Gaia alerted young eruptive star candidates
Speaker: Zsofia Nagy (Konkoly Observatory, Research Centre for Astronomy and
Earth Sciences)
Co-authors: Peter Abraham, Agnes Kospal, Fernando Cruz-Saenz de Miera, Eleonora
Fiorellino, Maria Kun, Gabor Marton, Sunkyung Park, Michal Siwak, Laszlo Szabados, Zsofia Szabo
Abstract: Young stellar objects (YSOs) are still accreting material from their disc. About
half of YSOs show photometric variations on timescales of days to weeks. Some YSOs show
brightness variations on longer time-scales: months, years, centuries. These variations are related to
changes in the circumstellar extinction or the accretion rate. Eruptive YSOs show brightness variations
with an amplitude of a few magnitudes and remain bright on longer timescales. The outbursts of
eruptive YSOs are caused by a sudden increase of the mass accretion rate. So far, only about 50
eruptive YSOs are known. The Gaia Science Alerts System provides a highly efficient tool to identify
new eruptive YSOs with its large sky coverage and approximately monthly cadence. Our group has
recently published the discovery of the eruptive YSOs Gaia18dvy (Szegedi-Elek et al. 2020) and
Gaia20eae (Cruz-Saenz de Miera et al. 2022), and another young star, Gaia17afn, where the follow-up
observations suggested an extinction event, rather than an accretion burst (Nagy et al. 2021). We are
currently analyzing the follow-up photometry and spectroscopy of several Gaia alerted sources. I will
summarize our latest results on young eruptive star candidates found from Gaia alerts.

Time: 15:45-16:10
Title: The Gaia revolution: a new view of the Milky Way traced by its stars
clusters
Speaker: Tristan Cantat-Gaudin (Max Planck Institute for Astronomy, Heidelberg,
Germany)
Abstract: The census of stellar structures and star clusters in the Milky Way has been
vastly improved in recent years, largely owing to the Gaia mission. On a large scale, our ability to
estimate more reliable ages and distances to clusters allows us to refine our understanding of the
structure of our Galaxy and the mechanisms that drive its evolution. The study of young aggregates in
the Solar neighborhood and their internal kinematics has given us important insight on the conditions of
star formation. In this talk I will review important results obtained from Gaia DR2, EDR3, and DR3
data. Despite its paradigm-changing impact, Gaia leaves us with many open questions which can only
be tackled in combination with observations from other instruments, in particular ground-based
spectroscopic surveys.

Time: 16:10-16:35
Title: Studies of exotic stars in the light of Gaia
Speaker: Gajendra Pandey (IIA, Bangalore, India)
Abstract: The metallicity and surface abundances of Hydrogen-poor stars are clues to their
origin and evolution. However, the derived metallicities of these stars depend on the adopted
carbon-to-helium ratio. Hence, an independent assessment of the star's metallicity is made based on the
Galactic position and orbits. Also discussed are a couple of Institute's programmes that use GAIA data.



Time: 16:35-16:50
Title: A Deep Investigation of Two Poorly Studied Open Clusters Haffner 22 and
Melotte 71 in the Gaia era
Speaker: D. Bisht (IIA, Bangalore, India)
Co-authors: Qingfeng Zhu, R. K. S. Yadav, Geeta Rangwal, Devesh P. Sariya, Alok Durgapal
and Ing-Guey Jiang
Abstract: This paper presents a deep investigation of two open clusters, Haffner 22 and
Melotte 71, using astrometric and photometric data from Gaia EDR3. We identified 382 and 597 most
probable cluster members with membership probability higher than 50%. A comparison of observed
CMDs with the theoretical isochrones leads to an age of 2.25±0.25 and 1.27±0.14 Gyr for these
clusters. The distances 2.88±0.10 and 2.28±0.15 kpc based on the parallax are comparable with the
values derived by the isochrone fitting method. Five and four blue straggler stars (BSS) are identified as
cluster members in Haffner 22 and Melotte 71. Based on the relative number of high-velocity (binary)
and single stars, we inferred binary fractions for both clusters in the range of ∼10%-14%, for both core
and off-core regions. Mass function slope is in good agreement with the Salpeter’s value for Melotte 71
(x = 1.23±0.38 within mass range 1–3.4 solar mass) while it is quite a flat slope for Haffner 22 (x =
0.63±0.30 within mass range 1–2.3 solar mass). Evidence for the existence of the mass-segregation
effect is observed in both clusters. Using the Galactic potential model, Galactic orbits are derived,
indicating that both clusters follow a circular path around the Galactic center, evolving slowly.

Time: 16:50-17:05
Title: Study of dynamical status of Galactic Globular clusters using Gaia DR3:
Understanding the delay in the dynamical segregation process
Speaker: Gaurav Singh (IIA, Bangalore, India)
Co-authors: R. K. S. Yadav and Geeta Rangwal
Abstract: We present the dynamical status study of four Galactic Globular clusters
(GGCs) i.e., NGC 4590, NGC 6218, NGC 6838, and NGC 7078. We used the multi-wavelength data
from both the space and ground-based facilities like HST, Gaia DR3, Swift/UVOT and 1.3-m DFOT
for this analysis. To select the genuine cluster members, we used HST and Gaia DR3 astro-photometric
catalogs. This allows us to select the BSS population from the center to the outskirts of the GCs. We
obtained the dynamical status of these GCs using high-resolution and multi-wavelength data by using
the radial distribution of BSS with respect to the reference population and determining the A+rh
parameter. Based on the BSS radial distribution and A+rh parameter, our targeted GCs can be classified
into three different families. We found that NGC 4590 is a dynamically young age cluster with Family I
classification, however it shows slight segregation outside core radius but no central segregation is
seen. NGC 6218 is found to be an intermediate dynamical age cluster of Family II classification, and
NGC 6838 & NGC 7078 are dynamical old age clusters of Family III classification. We found a delay
in the dynamical segregation for the cluster NGC 6838. The orbit analysis of the cluster NGC 6838
reveals that it has a disk-like orbit confined with the Galactic disk. Due to this NGC 6838 may have
suffered a number of dynamical processes (e.g., with the dense surrounding environment, the Milky
Way spiral arms, various molecular clouds) that made it lose a significantly larger amount of mass than
what is expected for the majority of GCS, which are on halo-like orbits.

Time: 17:05-17:20
Title: Can Gaia Constrain Uncertain Black Hole Formation Physics?
Speaker: Sourav Chatterjee (TIFR, India)



Co-authors: Chirag Chawla, Katie Breivik
Abstract: The extraordinary success in detecting gravitational waves (GWs) from merging
binary black holes (BHs) has reignited interest in understanding how high mass stars evolve and form
stellar-mass BHs. The primary hurdle in understanding the astrophysical implications of the distribution
of BH properties and binary BH merger rate is the lack of our understanding of the details of BH
formation physics. Using realistic binary population synthesis and considering Gaia's selection biases in
detail we found that Gaia's astrometry alone can detect hundreds of candidate BHs in the Milky Way. In
my talk I will present a critical investigation on whether such detections from Gaia alone can put
relevant constraints on black hole formation physics.

Poster presentations/ Short talks
Time: 15:25-15:30

Title: Exploration of binary blue stragglers using Gaia DR3
Author: Vikrant Jadhav (IIA, Bangalore, India)
Co-authors: Annapurni Subramaniam, Nagaraj Vernekar
Abstract: Blue stragglers are stars formed via mass accretion from binary mass transfer or
mergers. Determining the exact formation mechanism is a bit complicated. It requires characterisation
of the blue stragglers and any possible companions. We have previously used panchromatic SED
analysis to identify blue straggler companions. With the release of Gaia data, we have a lot more data
across the whole sky. We found that 57 blue stragglers are classified as eclipsing binaries in DR3 with
periods ranging from 0.2 to 7 days. We present exploratory analysis of eclipsing blue stragglers using
the multiwavelength Gaia light curves and archival TESS and Kepler data.

Time: 17:20-17:35

Title: Hunting Down Black Holes in Detached Binaries
Author: Chirag Chawla (TIFR, Mumbai, India)
Co-authors: Sourav Chatterjee, Katelyn Breivik, Chaithanya Krishna Moorthy, Jeff J.
Andrews, Robyn E. Sanderson
Abstract: Understanding the connection between the properties of BHs and their
progenitors is interesting in many branches of astrophysics. Traditional methods such as detection
through X-ray, radio, or gravitational-wave emission are sensitive towards a small subset of all BH
binaries. In my talk I will explore the possibilities for detecting BHs in detached binary systems with
luminous companions (LCs) via astrometric and photometric measurements. We create highly realistic
models of BH-LC binaries in the Milky Way using the binary population synthesis code COSMIC.
Taking into account Gaia's astrometric precision, spectroscopic resolution and interstellar extinction
and reddening, we find that Gaia in its 10 year mission should detect around 30-300 BH candidates of
which 10-100 will have clear mass constraints. Similarly, TESS would identify 6-300 BH candidates
using photometric variations expected due to ellipsoidal variation, self-lensing, and beaming.
Furthermore, since the LC's properties, such as age and metallicity, can be constrained, and it is



expected that the BH's progenitor must have had the same zero-age properties as the LC, if detected in
large numbers as our models suggest, for the first time, we will be able to constrain the highly uncertain
map connecting BH properties with those of their progenitors.

Title: Determination of dynamical ages of open clusters using A+ parameter
Author: Khushboo K. Rao (Birla Institute of Technology and Science, Pilani, India.)
Co-authors: Kaushar Vaidya, Manan Agarwal, Souradeep Bhattacharya
Abstract: The sedimentation level of blue straggler stars (BSS) has been used to probe the
dynamical stages of their parent clusters. This is defined as the area enclosed between the cumulative
radial distributions of BSS and another reference population, called A+. We identify BSS and members
of 23 open clusters using a machine-learning algorithm, ML-MOC, on Gaia-EDR3 data. Using the
identified BSS and reference population, we estimate A+ for the central regions of these 23 clusters.
We find positive correlations between the estimated values of A+ and another marker of dynamical
ages of the clusters, i.e. the number of central relaxations a cluster has experienced since its formation.
Based on statistical tests, we find that this correlation is similar to the corresponding correlation among
the less evolved GCs.

Title: Dynamical evolution of open clusters using Gaia eDR3
Author: Shanmugha Balan (Birla Institute of Technology and Science, Plilani, India)
Co-authors: Khushboo K. Rao, Kaushar Vaidya, Manan Agarwal, Souradeep Bhattacharya
Abstract: We study five intermediate-age and old open clusters - NGC 7789, NGC 6819,
Trumpler 5, Collinder 261, and Berkeley 39 - previously classified as Family I (dynamically young)
based on their normalized BSS radial distributions. Using the machine-learning based algorithm,
ML-MOC, on the Gaia eDR3 data, we identify their members to investigate dynamical evolution of
these clusters using various stellar populations. We find that the five clusters are at different stages of
dynamical evolution. Whereas two of the clusters, NGC 7789 and Trumpler 5, are indeed found to be
dynamically young based on the cumulative radial distributions of various stellar populations, the
remaining three clusters, NGC 6819, Berkeley 39, and Collinder 261, are found to be dynamically
evolved with clear mass segregation observed in the radial distributions. We discuss our findings and
compare our results with the other observed and theoretical estimates of mass segregation in these
clusters.

Title: Photometric Study of the Open Clusters SAI 44 and SAI 45
Author: Jayanand Maurya (ARIES, Nainital India)
Co-author: Yogesh C. Joshi
Abstract: We carry out a detailed photometric and kinematic study of the poorly studied
sparse open clusters SAI 44 and SAI 45 using data from Gaia eDR3 and Pan-STARRS. The logarithmic
ages of the clusters are determined as 8.82Â±0.10 and 9.07Â±0.10 years for SAI 44 and SAI 45,
respectively. The color-magnitude diagram of SAI 45 hosts an extended main-sequence turnoff
(eMSTO). The apparent age spread is found to be similar to the apparent age spread predicted on the
basis of the age spread and cluster age relation predicted by rotation models. This indicates that eMSTO
is a stellar evolution rather than the star formation phenomenon in SAI 45. We conclude that eMSTO in
SAI 45 is mainly caused by the different rotation rates of stars as the SYCLIST synthetic population
with different rotation rates was able to reproduce the observed eMSTO, and stars in the red part of the
eMSTO were preferentially concentrated in the inner region, which again hints at different rotations
being the reason for the extension in the upper MS. The mass function slopes are obtained as



-1.75Â±0.72 and -2.58Â±3.20 in the mass ranges 2.426-0.990 M and 2.167-1.202 M for SAI 44 and
SAI 45, respectively.

Title: Dynamical status of Globular Clusters NGC 362
Author: Arvind K. Dattatrey (ARIES, Nainital India))
Abstract: The study of the dynamical status of the globular cluster NGC362 is presented
using the spatial distribution of Blue Straggler Stars (BSSs). A significant cluster area is covered using
multi-wavelength high-resolution space and ground-based data. The cluster members are selected using
HST and Gaia EDR3 proper motion data sets. Using members of the cluster, the cluster’s center of
gravity (Cgrav) is calculated, and the cluster’s projected density profile is created. The cluster's radius
is determined using the projected density profile. The BSS radial distribution has been used to
determine the cluster's dynamic age.



14 July 2022 (Thursday)

Time: 14:00-14:25
Title: Understanding Galactic star formation with GAIA
Speaker: Maheswar Gopinathan (IIA, Bangalore, India)
Abstract: Stars form in molecular clouds which are found to be isolated or are part of
larger star forming regions or are in the vicinity of OB stars or even in relatively high galactic latitudes.
To understand the star formation process in these clouds requires the knowledge of some of the
parameters like the distance, mass, density, temperature, magnetic fields, etc. In this talk I will briefly
discuss some of the results we recently obtained using the GAIA data and their significance in our
understanding of star formation.

Time: 14:25-14:40
Title: A study of dust grain polarization properties as a function of extinction and
distance towards star forming regions
Speaker: Chakali Eswaraiah (IISER-Tirupati)
Co-authors: Bijas. N. et al.
Abstract: Dust polarization observations at optical wavelengths help to understand the
dust grain properties and trace the plane-of-the-sky component of the magnetic field. In this study, we
make use of the optical polarization data along with the distances (d) and extinction (Av) data from the
GAIA archive, and study the variation of polarization fraction (P) as a function of d and Av towards a
star-forming region NGC 1893. We employ broken power-law fitting and Bayesian analysis on
polarization efficiency (P/Av) and rate of polarization (P/d) plots. We find that P/Av shows a break at
the extinction of ∼0.9 mag, whereas P/d exhibits a break at a distance of ∼1.5 kpc. Based on these, we
categorize the dust towards NGC 1893 into two populations: (i) foreground dust and (ii) Perseus spiral
arm dust. In this presentation, I will talk about the polarization efficiency of the two dust populations
and shed light on whether the observed polarization data would reveal the desired dust properties and
magnetic field orientation at a distant star-forming region even in the presence of dominant foreground
contribution.

Time: 15:15-16:00
Title:                           Solar system science with Gaia
Speaker: Marco Delbo (Observatoire de la Côte d'Azur, France)
Abstract: Since the dawn of science, one of the key questions of planetology is how planets
and Earth formed and evolved. Despite centuries of research and thinking, this question still lacks clear
answers. Moreover, the recent discovery of the great diversity of planetary systems in our Galaxy and
their marked differences with respect to our Solar System present new challenges for planetary
scientists and astrophysicists.
The study of the small bodies of our solar system is key to investigating some of the aforementioned
issues. For instance, the orbital structure of asteroids has been sculpted by the dynamical events that the
planets of our Solar System have undergone during their formation and evolution. In addition, asteroids



contain materials that are the most pristine, dating back to the formation of our Solar System 4.5 billion
years ago.
The third release (DR3), in June 2022, of data from the Gaia mission of the European Space Agency
(ESA) is a mine for small body science. Gaia DR3 data includes, for the first time, a survey of 60,518
mean reflectance spectra of solar system objects, mostly of which are main belt asteroids.
I will describe how Gaia data can be used to determine the composition of asteroids, determine orbital
parameters, shapes, and direction of their rotation vectors. I will detail how this information could be
used to constrain the origin of these bodies in the protoplanetary disk of our sun and their evolution
until current times.

Time: 16:00-16:45
Title: Gaia enters the exoplanet arena: DR2, (E)DR3, and beyond
Speaker: Alessandro Sozzetti (INAF, Torino, Italy))
Abstract: I will present an overview of the impact of Gaia DR2 and EDR3 in the exoplanet
field, both in terms of characterization of the orbits and masses of substellar companions and of the
properties of their host stars. I will then discuss the just-published results in the third major data release
(DR3), that begin to tackle exoplanetary science based on Gaia data alone. I will conclude with a
perspective look at the expectations for major contributions to our understanding of exoplanet
demographics from future Gaia data releases.

Time: 16:45-17:10
Title: Study of Exoplanets and their host stars in the era of Gaia
Speaker: Yogesh Joshi (ARIES, Nainital, India)
Abstract: Though the prime objective of the Gaia is to provide high-precision astrometry,
a certain level of photometry can also be done through Gaia photometric data which enable us to detect
a large number of planetary transits. As characteristic parameters of the planets strongly depend on the
accuracy of its host star parameters, excellent GAIA data provides an excellent opportunity to
characterize stellar and planetary parameters with a very high accuracy. Furthermore Gaia astrometric
data allows to determine precise inclination of many exoplanets hence constrain the masses of these
exoplanets which otherwise are weakly constrained through their radial velocity variations only. In my
talk, I will highlight how new precise Gaia data available in large volume has pushed the boundary of
exoplanet study in recent years.

Time: 17:10-17:25
Title: From protostars to exoplanets: new insights from Gaia DR3
Speaker: Manoj Puravankara (TIFR, Mumbai, India)
Co-Authors: Mayank Narang, Prasanta Kumar Nayak, Bihan Banerjee, and Himanshu Tyagi
Abstract: In addition to the five astrometric parameters and radial velocities, Gaia DR3
provides low and medium-resolution spectra, rotational velocities, and multi-epoch photometry. We
have used the new data from Gaia DR3 to address some of the outstanding questions concerning star
and planet formation and exoplanets. Leveraging the combination of high angular resolution and
sensitivity of Gaia, we have identified optical counterparts for over 200 embedded protostars, thus
increasing the number of optically visible protostars by a factor of 10. Using the BP/RP spectra
available for a subsample of these protostars, we study their accretion properties. We also study the
accretion properties of more evolved pre-main-sequence stars using their BP/RP and RV spectrum; we
estimate the timescale for cessation of accretion in young stars as a function of stellar mass/spectral



type. On exoplanets, we conduct a chemical abundance analysis of planet-host stars using uniformly
and homogeneously determined elemental abundances from RVS to investigate different formation
channels for giant planets. Finally, we study the chemo-kinematic properties of field stars, planet host
stars, and debris disks in the solar neighborhood

Poster presentations/ Short talks
Time: 14:40-15:00

Title: Sh 2-301: A Blistered H II Region Undergoing Star Formation
Author: Rakesh Pandey (ARIES, Naintal, India)
Abstract: I wish to present a multiwavelength study of the H II region Sh 2-301 (S301)
using deep optical data, near-infrared data, radio continuum data, and other archival data at longer
wavelengths. A cluster of young stellar objects (YSOs) is identified in the northeast (NE) direction of
S301. The distribution of warm dust emission, ionized gas, and neutral hydrogen together suggest a
blistered morphology of the S301 H II region powered by ALS 207, which appears to be located near
the edge of the cloud. The location of the NE cluster embedded in the cold molecular cloud is found
opposite to the blistered morphology. The age difference, pressure calculation, photodissociation
regions, and the distribution of YSOs favor the positive feedback of the massive star ALS 207 in S301.
On a wider scale of S301, the H II region and the young stellar cluster are depicted toward the central
region of a hub-filamentary system, which is evident in the infrared images.

Title: Studies of the pre-main-sequence stars in the H II region Sh2-87
Author: Siddhartha Biswas (S. N. Bose National Centre for Basic Sciences)
Co-author: Soumen Mondal
Abstract: The molecular clouds, associated with H II regions and young embedded
clusters, serve as the ideal targets to probe the formation of stars as well as star clusters. Studies of
individual Galactic H II regions are important because they reveal the effects of the star formation
process on the interstellar medium. Here, we present our ongoing studies on the characterization and
identification of the pre-main-sequence stars associated with the H II regions Sh2-87, which is located
at a distance of ∼ 2.3 kpc and is a member of the Vulpecula OB association. We have used both the new
spectroscopic observational data from 2-m HCT, as well as several archival catalogues, e.g., WISE,
SPITZER, and UKIDSS. Low-resolution spectroscopic observations revealed the presence of a few
massive (early-B) sources. Using the near-infrared and mid-infrared colour excess, numerous new
young populations are identified that suggest active star-formation activity toward this region. Using
multi-wavelength datasets, an overall star formation activity will be presented here.

Title: Exploring optical counterparts of protostars and their accretion rates with
Gaia DR3
Author: Himanshu Tyagi (TIFR, Mumbai, India)
Co-authors: Manoj Puravankara, Mayank Narang, Prasanta Kumar Nayak, Bihan Banerjee
Abstract: One of the outstanding open questions in the star formation is, when does the star
attain most of its mass? The observed low accretion rates in T-Tauri stars indicate that the time
predicted by star formation models to form a star is insufficient, implying either accretion is episodic,



or accretion rates are higher in the early stages. Hence estimating accretion rates in the early
protostellar phases is critically important to resolve this puzzle of star formation, but measuring the
same is challenging due to very high extinction for the optical/UV photons along the line of sight.
However, due to the lack of envelope mass density symmetry, sometimes it is possible to observe the
protostars at optical wavelengths. Using Gaia DR3's high angular resolution and sensitivity, we have
detected over 200 protostars at optical wavelengths in the nearby (d<450 pc) star-forming regions. This
study increases the number of optically detected protostars by a factor of 10. The Gaia DR3
additionally gives the H-alpha equivalent width (EW-Ha) calculated from the low-resolution BP/RP
spectra. Using calibrated EW-Ha, we have estimated the accretion rates of 50 protostars. We will
present the results of this study at the symposium.

Title: Dust distribution towards Czernik3 at different spatial scales in the 2nd
Galactic quadrant
Author: Namita Uppal (PRL, Ahmedabad, India)
Co-authors: Shashikiran Ganesh, D.Bisht
Abstract: Dust is an integral part of the interstellar medium. Distant regions of the Galactic
plane are obscured from view at optical wavelengths due to the extinction by intervening dust clouds.
Polarization is another manifestation of the dust. It is assumed that unpolarized starlight get partially
plane polarized after passing through partially aligned dust grains in the medium. Starlight polarization
combined with distance information gives direct observational evidence of the distribution of dust
along the line of sight. Open clusters are good candidates to carry out the polarization observations
because all the member stars have common properties such as distance, age, and proper motion. In this
talk, we shall present the polarimetric observations of Czernik 3 open cluster using an EMCCD based
polarimeter (EMPOL) on the 1.2m Mount Abu telescope. We shall be discussing the results of the dust
distribution towards the Czernik 3 cluster at different spatial scales by combining the polarization
results of Czernik 3, and other nearby clusters with distance information from Gaia EDR3. This talk is
based on our recently accepted paper Uppal et al. 2022 (AJ, in press/ https://arxiv.org/abs/2205.13153 ).

Title: Emission-line catalogs post-Gaia DR3
Author: Sridharan Baskaran (CHRIST, Bangalore, India)
Co-authors: Blesson Mathew, Arun Roy, et al.
Abstract: Gaia DR3 and further releases have the potential to identify and categorize new
ELS in the Galaxy. We use the spectroscopically estimated emission-line star parameters from
LAMOST OBA catalog to perform a comprehensive validation of data from Gaia DR3. We compare
different astrophysical parameters provided by Gaia DR3 with those estimated using LAMOST spectra.
We find that the classification given by DR3 is in reasonable agreement with the classification from the
LAMOST OBA catalog. The astrophysical parameters estimated by the esphs module from Gaia DR3
provides a better estimate when compared to gspphot and gspspec. We note that one global linear fit
relation cannot be used for conversion. The novelty of this work is providing piece-wise linear fit
parameters for the conversion from pseudo-equivalent width to observed equivalent width using a
larger sample of emission-line stars. We observe that spectral energy distribution analysis can be
improved using synthetic photometry of BP/RP spectra. In addition, 10 stars from the LAMOST OBA
catalog are classified as binaries by Gaia DR3. We demonstrate the scope of using Gaia DR3 for future
emission-line star research.



Title: Bi-modal nature of Early B type pre-main sequence stars: Search for
Extreme Herbig Be stars using Gaia DR3
Author: Arun Roy (IIA, Bangalore, India)
Co-authors: Maheswar Gopinathan, Annapurni Subramaniam, Blesson Mathew, Shridharan
Baskaran, Nidhi Sabu, Suman Bhattacharyya
Abstract: Herbig Ae/Be stars are intermediate mass pre-main sequence stars. The massive
stars among Herbig Ae/Be stars (Herbig Be stars: B0-B3) are reported to accrete mass through
boundary layer accretion, whereas the lower mass Herbig Ae/Be stars accrete through magnetospheric
accretion. Interestingly, Herbig Be stars show a bi-modal nature in the near-infrared colors and the
H_alpha equivalent widths. The stars with H-K > 1.0 and H_alpha EW > 50 A are defined as Extreme
Herbig Be stars. The difference is attributed to the presence and absence of infalling envelopes around
these stars. The total number of known Extreme Herbig Be stars is 11. We investigate the possibility of
identifying more extreme Herbig Be stars with high H_alpha EW taken from Gaia BP/RP spectra and
2MASS NIR colors. We identified 19 candidates that satisfy the criteria of Extreme Herbig Be stars
from the latest Gaia DR3 release. Confirmation of their evolutionary status using spectroscopic
follow-up will increase the total sample of Extreme Herbig Be stars up to 170%.

Time: 17:25-17:37

Title: Chemical composition of planet host stars: Gaia DR3 hints new formation
channels of hot Jupiters
Author: Bihan Banerjee (TIFR, Mumbai, India)
Co-authors: Mayank Narang, Manoj Puravankara, Himanshu Tyagi, Prashanta Nayak
Abstract: It has been evident that planet properties and host star properties are well
correlated. One of such interesting correlations is that giant planets are preferentially found around
metal rich stars. These giant planets are located at various distances from their host stars, ranging from
0.1 au (hot Jupiters) to 10-100 au (classical Jupiters). Whether the formation mechanisms of these
Jupiters are the same at all orbital distances, is an open question, and a detailed analysis of metallicity
and chemical abundances of host stars can provide clues to answer that. A few previous studies using a
relatively smaller number of samples found that hot Jupiter hosts are relatively metal rich than the
others, with a mean metallicity difference of 0.2 dex. This result is usually explained as a high
metallicity disk forming multiple Jupiters, and one of them getting scattered to an inner orbit to settle as
hot Jupiter. However, Gaia DR3 has provided us with a large number of sources with rvs spectra and
elemental abundances derived from them. From this significantly larger sample we find that the average
metallicity of hot, warm and cool Jupiters are quite similar, thus indicating other possible formation
channels of hot Jupiters.

Title: Identifying Exoplanets’ Potentiality for Life in Habitable Zones and
Exploring the Contribution of Gaia Mission
Author: Koena Maji (FD-316, Salt lake sector-3)
Co-author: Anuj Soni
Abstract: The discovery of exoplanets has altered our understanding of the universe. But,
for the planets to show the possibility to harbor life in it or have biosignatures, it must have optimum
physical, biological, geological and chemical conditions. There are two types of indicators of
habitability: direct and indirect. The former indication is the presence of water and its stability on the



surface of the planet. Thus, the reflection from the waterbody will lead to ‘glint’. Polarization of light is
another alternative method to find water. The reflection, emission of radiation help us to characterize
habitable zones. Indirect methods include, presence of CO2 and water vapor in the atmosphere, size of
the planet and extent of axial tilt (which is one of the objectives of the Gaia mission). In this review
article, we aim to provide a comprehensive explanation to the researches done till date to characterize
habitable zones for exoplanets and the contribution of Gaia into it.The methods devised to retrieve
results will also be discussed. Future prospects, the voids which could be amended are also elaborated.
This could give cosmological research a new dimension, demonstrating that life is not limited to our
planet.

Title: Exoplanet and its host star in the era of GAIA DR3
Author: C. Swastik (IIA, Bangalore, India)
Co-author: Ravinder K Banyal
Abstract: Statistical analysis of exoplanets poses several challenges, such as low number
statistics (for a given parameter) and non-homogeneous estimation of stellar and planetary parameters
coming from several sources. However, with the recent GAIA DR3 data release, it is possible to have a
larger sample of stars whose parameters are determined homogeneously. In this work, we present the
preliminary chemical and kinematic analysis results using the latest GAIA DR3 data for a sample of
3600+ exoplanet host stars. We revisit the planet-mass vs stellar-metallicity correlation for the
planet-hosting stars. Our preliminary findings suggest that the metallicities estimates from the GAIA
DR3 are systematically underestimated for our stars compared to prior high-resolution spectroscopic
studies. Since parallaxes, proper motions, and radial velocities are also available homogeneously (and
with better accuracy) for the exoplanet hosting stars (from GAIA DR3), we also performed a kinematic
analysis and computed the galactic orbital parameters for our stars. We find that the population of stars
hosting small planets differ significantly from giant planet-hosting stars statistically regarding galactic
orbital parameters. Most of our findings using the GAIA DR3 data release seem consistent with prior
studies done with a much lower number of samples.

Title: Exploring the chemo-kinematics of the solar neighbourhood with Gaia
DR3: clues to disk evolution and planet formation
Author: Mayank N. (TIFR, Mumbai, India)
Co-authors: Manoj P, Bihan B, Himanshu T, Prasanta N
Abstract: When did the first planets form in the Galaxy? The first few generations of stars
were too metal-poor to form any planets. As the metallicity of the ISM and the stars in the Galaxy
progressively increased, rocky Earth-like planets formed first. However, for the formation of
Jupiter-like planets, a 10-15 Earth-mass core that is relatively rich in iron must form first. Therefore,
Jupiter-like gas giants will likely have formed much later when the Galactic metallicity has increased
significantly. But it's challenging to measure the ages of main-sequence stars. However, using the
dispersion in the peculiar velocities of stars, it is possible to measure the average ages of the stars. In
this contribution, we present our results from the chemo-kinematics study of the solar neighborhood
using data from Gaia DR3. We compare the abundance and age distribution for a sample of field stars,
debris disk, and exoplanet host stars. Our analysis shows that Jupiter-like planets only formed in the
last 5-6 Gyr after significant enrichment of the galactic ISM with metals. We further find that debris
disks are also young but, on average, metal-poor. I will discuss these results in the context of disk
evolution and planet formation.



15 July 2022 (Friday)

Time: 14:00-14:45
Title: Gaia DR3: The Extragalactic content
Speaker: Coryn Bailer-Jones (Max Planck Institute for Astronomy, Heidelberg,
Germany)
Abstract: The Gaia Galactic survey mission is designed and optimized to obtain
astrometry, photometry, and spectroscopy of nearly two billion stars in our Galaxy. Yet as an all-sky
multi-epoch survey, Gaia also observes several million extragalactic objects down to a limiting
magnitude of G=21 mag. Due to the nature of the Gaia onboard-selection algorithms, these are mostly
point-source-like objects. Using data provided by the satellite, we have identified quasar and galaxy
candidates via supervised machine learning methods, and estimate their reshifts using the low
resolution BP/RP spectra. We further characterize the surface brightness profiles of host galaxies of
quasars and of galaxies from predefined input lists. I will give an overview of the processing of
extragalactic objects, describe the data products in Gaia DR3 and analyze their properties. Two
integrated tables contain the main results for a high completeness, but low purity, set of 6.6 million
candidate quasars and 4.8 million candidate galaxies. We provide queries that select purer subsets of
these containing 1.9 million probable quasars and 2.9 million probable galaxies. We also use the high
quality spectra of 43 000 high probability quasars over the redshift range 0.05-4.36 to construct a
composite quasar spectrum spanning restframe wavelengths from 72-1000 nm.

Time: 15:30-16:15
Title: The future of Gaia and beyond
Speaker: Antony Brown (Leiden University, Netherlands)
Abstract: I will present an overview of the science gains from an extended Gaia mission
and the outlines of the next two releases. I will then discuss options for future space astrometry
missions, in particular the Gaia NIR mission.

Poster presentations/ Short talks
Time: 14:45-15:15

Title: Galaxy Flybys and the Origin of Wave-like Breathing Motion of Stars Seen
by Gaia
Author: Ankit Kumar (IIA, Bangalore, India)
Abstract: Recent studies of Milky Way kinematics based on the enormous data from
SEGUE, RAVE, LAMOST, and GAIA have revealed wave-like patterns in the motion of stars. Stars
coherently move away or toward the mid-plane of the Galaxy resulting in expanding or contracting
breathing motion, respectively. Here, we will present our recent work on the origin of wave-like
breathing motion in the Milky Way. We simulated the flyby interactions of two disk galaxies with mass
ratio 5:1 and varied the orientation of flyby orbits. We found that the flyby interaction induces



two-armed spiral pattern in the host galaxy, and its strength depends on the inclination angle of the
galaxies. The prograde-prograde configuration of galaxy flyby induces the most strong spiral pattern.
The flyby-induced spiral arms are transient density waves in nature. They form just after the pericenter
passes and decay slowly after reaching maximum strength. We found that the contracting breathing
motion is associated with the spiral arms, whereas the expanding breathing motion is associated with
the inter-arm region. We confirmed that the breathing motion is not the direct consequence of the tidal
interactions of galaxies. It is the spiral arms which originate the breathing motion in the galaxy.

Title: Shape of the outer stellar warp of the Large Magellanic Cloud disk
Author: Saroon S (University of Andres Bello, Santiago, Chile)
Co-author: Smitha Subramanian
Abstract: Warps are vertical distortions of the stellar or gaseous disks of galaxies. One of
the proposed scenarios for the formation of warps involves tidal interactions among galaxies. A recent
study identified a stellar warp in the outer regions of the south-western (SW) disk of the Large
Magellanic Cloud (LMC) and suggested that it might have originated due to the tidal interaction
between the LMC and the Small Magellanic Cloud (SMC). Due to the limited spatial coverage of the
data, the authors could not investigate the counterpart of this warp in the north-eastern (NE) region,
which is essential to understanding the global shape, nature, and origin of the outer LMC warp. In this
work, we study the structure of the LMC disk using data on red clump stars from Gaia Early Data
Release 3 (EDR3), which cover the entire Magellanic system. We detected a warp in the NE outer LMC
disk which is deviated from the disk plane in the same direction as that of the SW outer warp, but with
a lower amplitude. This suggests that the outer LMC disk has an asymmetric stellar warp, which is
likely to be a U-shaped warp.

Title: Photometric Calibration using GAIA
Author: Bhavya Ailawadhi (ARIES, Nainital, India)
Co-authors: kuntal misra, vibhore Negi, Jean surdej
Abstract: We offer a fully automated approach to calibrate multiple frames observed
through a wide-field optical imaging telescope. The PSF and aperture magnitudes are calibrated using
Gaia magnitude considering color term also.

Title: Astrometric and photometric standard candidates for the upcoming 4-m
ILMT survey
Author: Naveen Dukiya (ARIES, Nainital, India)
Co-authors: Kuntal Misra, Bikram Pradhan and Jean Surdej
Abstract: The International Liquid Mirror Telescope (ILMT) is a 4-meter class survey
telescope expected to become operational during the fall of 2022. It scans the sky in a fixed 27′ wide
strip centered at declination of 29°22′26′′ and works in Time Delay Integration (TDI) mode. We present
a full catalog of sources in the ILMT strip that can serve as astrometric calibrators. The characteristics
of the sources for astrometric calibration are extracted from Gaia EDR3 as it provides a very precise
measurement of astrometric properties such as RA (α), Dec (δ), parallax (π), and proper motions (μα∗
& μδ ). We have crossmatched the Gaia EDR3 with SDSS DR17 and PanSTARRS-1 (PS1) and
supplemented the catalog with apparent magnitudes of these sources in g′, r′, and i′ filters. We also
present a catalog of spectroscopically confirmed white dwarfs with SDSS magnitudes that may serve as
photometric calibrators. The catalogs generated are stored in an SQLite database for query-based
access.



Title: Young Star Clusters in the Milky Way Halo with DR3
Author: Priya Hasan (Maulana Azad National Urdu University, Hyderabad, India)
Co-author: Md Saifuddin
Abstract: The existence of young embedded clusters at large distances from the Galactic
plane is important since it provides an insight into the physical conditions and processes in the halo as
well as how the halo contributes in a galaxy. We study a sample of 9 such clusters reported in literature
using Gaia DR3. We find that some of these clusters most likely exist, while some are not confirmed.
We also use ASteca to estimate their parameters. The implications and the physical processes possible
to explain their existence are also discussed.

Title: When is GMM efficient in member determination of open clusters?
Author: Md Mahmudunnobe (Minerva University)
Co-author: Priya Hasan
Abstract: The unprecedented precision of Gaia data opens up a new paradigm shift in
membership determination of open clusters where several machine learning (ML) models are used for
this purpose. However, a lack of a quantitative evaluation metric for unsupervised clustering methods
hampers the comparison among various models. In this paper, we develop a quantifiable metric
Modified Silhouette Score (MSS) to evaluate the performance of the unsupervised models in
membership determination. Specifically, we analyze the efficiency of the Gaussian Mixture Model
(GMM) to find members from Gaia EDR3 data. We study the dependence of MSS on age, distance,
extinction, galactic latitude and longitude, and other parameters to find the particular cases when GMM
seems to be more efficient than other methods. We find that GMM is most effective for closer and
relaxed clusters.

Title: Membership determination in open clusters using DBSCAN Clustering
Algorithm
Author: Mudasir Raja (Maulana Azad National Urdu University, Hyderabad,
India)
Co-authors: Md Saifuddin, Priya Hasan
Abstract: Membership of stars in open clusters is one of the most critical parameters in
studies of star clusters. In this work, we aim to study membership of nine open clusters (NGC 581,
NGC 1893, IC 1805, NGC 6231, NGC 6823, NGC 3293, NGC 6913, NGC 2264, NGC 2244) using the
DBSCAN (Density-Based Spatial Clustering of Applications with Noise) clustering algorithm on Gaia
DR3 Data. We select stars from the Gaia DR3 catalogue, construct a five-dimensional phase space
(three-dimensional spatial position and two-dimensional proper motion) and obtain reliable cluster
members using machine learning (DBSCAN). We compare the found membership with UPMASK (T
Cantat Gaudin et.al, 2018) and Random Forest method (Md Mahmudunnobe et.al 2021) which we have
used earlier. We use ASteca to find cluster parameters using our new membership sample and compare
that with the values by Cantat Gaudin et.al, 20. The technique demonstrates the effectiveness of
machine learning in membership determination of clusters.

Title: Analysis of membership probability of nearby young moving groups using
Gaia DR3
Author: Mamta Lad (Christ deemed to be University, Bangalore, India)



Co-authors: Mamta Lad, Blesson Mathew, Ujjwal Krishnan
Abstract: Past few decades have seen a remarkable rise in the study of nearby moving
groups due to renowned all sky surveys using facilities such as 2MASS, WISE and Gaia. These groups
of stars are said to be remnants of star clusters and are believed to have a common origin. They share a
similar space motion, which is used to identify their memberships. In our study we analyze the
membership probabilities of 13 such moving groups, using their astrometric data listed in Gaia DR3.
We collected our initial sample from the literature, which is the best compiled list of moving group
candidates available till date. The unparalleled accuracy of Gaia DR3 astrometry makes our analysis
more reliable when compared to previous Gaia releases. We used Gaia DR3 photometry to estimate
stellar parameters such as age and mass of the moving group members. Interestingly, we found that age
spread is significantly wide among the moving group members, in spite of their common origin. We
also obtained BP-RP low resolution spectra for some of the candidates, using which we evaluated the
presence of a remnant accretion disk. We propose a refined ‘good box’ criterion using UVW space
velocity analysis of the moving groups.

Title: Identifying and characterizing open clusters
Author: Anindya Ganguly (TIFR, Mumbai, India)
Co-authors: P.K.Nayak, Sourav Chatterjee
Abstract: Star clusters are interesting laboratories for studies related to star formation,
binary and single stellar evolution, and stellar dynamics. It is necessary to identify cluster member stars
and subsequently characterize the global cluster properties including age, metallicity, and extinction for
all such studies. Using proper motion and parallax data in Gaia’s eDR3 we have developed a novel
non-parametric method to determine membership probability of Galactic open clusters. We have
applied this technique to eighteen relatively rich (N>500) open clusters. Our method works well for
clusters located in both sparse and crowded environments. Once membership is ascertained in each
identified star cluster, we use Bayesian parameter estimation to determine cluster properties such as
age, metallicity, and extinction. Because of our Bayesian approach our estimates not only include the
fiducial property values, usually found in other similar studies, but also the detailed posterior
distributions and correlations.


