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2"d March 2023
Special Lecture and Award Lectures
[Time: 11:50 — 13:20]

ASI2023_899 Ofer Lahav Invited

Plenary

Deep Machine Learning in Astronomy: Evolution or Revolution?

Could Machine Learning (ML) make fundamental discoveries and tackle unsolved problems in
Astronomy? Large surveys of billions of galaxies and other probes require new statistical
approaches. In recent years, the power of ML, and in particular ‘Deep Learning’, has been
demonstrated e.g. for object classification, photometric redshifts, anomaly detection, enhanced
simulations, and inference of cosmological parameters. It is argued that the more traditional
’shallow learning’ (i.e. with pre-processing feature extraction) is actually quite deep, as it brings in
human knowledge, while ‘deep learning’ might be perceived as a black box, unless supplemented
by explainability tools. The ‘killer applications’ of ML for Astronomy are still to come. New ways to
train the next generation of scientists for the Data Intensive Science challenges ahead are also
discussed. Finally, the chatbot ChatGPT is challenged to address the question posed in this talk’s
title.

ASI2023_853 Prateek Sharma Invited

Plenary

The multiphase circumgalactic medium

Galaxies are surrounded by massive diffuse atmospheres, known as the circumgalactic medium
(CGM). The majority of baryonic matter in galaxies is not in their stars, but in this difficult-to-
observe CGM. Multiple observational probes of the CGM have revealed a complex multi-
component CGM consisting of gas in distinct temperature phases. | will present a brief overview
of this fascinating area and highlight some of our contributions.

ASI2023 903 Arvind Paranjpye Invited

Plenary

Public Lectures, press releases and sky watch

In this talk | propose to talk about those great public speakers with whom | had the opportunity
to interact and a few lessons | learnt. | will talk about dos and don't of issuing press releases. And

end with some situations | came across while conducting public sky observations.
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Parallel Session - Stars, ISM and Galaxy |
[Time: 14:10 - 16:10]

ASI2023_25 Swastik Chowbay Oral

Stars, ISM and Galaxy

Are giant planet-hosting stars young? Kinematics and chemical properties of exoplanet host
stars from GAIA DR3

In this study, we examine the kinematic and chemical features of the largest number of 2627
exoplanets harbouring stars whose parameters have been uniformly determined. We combine
photometric, astrometric, and spectroscopic data from the most recent Gaia DR3 to examine the
various populations of exoplanets harbouring stars. Using spectroscopic data, we determined
that stars hosting massive planets are metal-rich and S\alphaS-poor in comparison to stars
hosting small planets. Kinematic analysis reveals that the host stars of small planets and giant
planets differ in all aspects of galactic space velocity and orbital parameters. In addition, we find
that small planet hosting stars have a marginally higher eccentricity and $Z_{max}$ (an indication
of an older population) than their larger counterparts. Our spectroscopic and kinematic studies
suggest that the small and giant planetary systems likely belong to population of stars with
different ages, giants being younger than the small ones. Using the PARSEC isochrone grids and
isochrone fitting methods, we also estimated the ages of stars bearing exoplanets. All together,
three analyses show that gas giants may have stared forming after the interstellar medium was
enriched by Type la supernovae, which occurred late in the history of Milky Way. At the same
time, a large spread seen in various age indicators of small planet hosting stars implies that they
formed throughout the GCE. Despite the fact that several previous studies hinted at similar
conclusions, they were not robust because to smaller sample sizes and/or inhomogeneous stellar
parameter estimations. Due to the fact that our investigation was conducted on the largest
sample of stars that host exoplanets, our results are currently the most credible.

ASI2023 457 Shyam Sunder Oral

Stars, ISM and Galaxy

Localisation and timing of GMRT discovered MSPs to aid sensitivity of PTA

Millisecond pulsars (MSPs) are fast rotating neutron stars that exhibit extremely stable behaviour
over time. Their exceptional stability can be used as probes to measure variations in the ISM,
intrinsic changes to pulsar magnetosphere, as well as probe for nHz gravitational waves [GWs].
The Pulsar Timing Array (PTA) experiments aim to identify the nHz spectrum of GWs signals in
the pulsar timing data. The number of well-timed MSPs used in the experiment has the greatest
influence on the detection of stochastic GW background. The GHRSS survey and Fermi-LAT survey




have resulted in discovery of 12 MSPs till now. High precision timing studies of these MSPs are
hindered by large positional uncertainties associated with the discovery. Using a offline gated
correlator of GMRT, we localise pulsars in arc-second accuracy to follow-up them using a
sensitive phased array beam as well as to accelerate convergence towards initial timing model.
The follow-up study of four GMRT discovered MSPs using wide-band timing technique reveals
microsecond order of timing residual in 2-4 years of follow-up using a GMRT wide-band receiver.
In order to benefit from the larger instantaneous observing bandwidth of the uGMRT, we apply
wide-band timing technique by modelling of the pulse profile as a function of radio frequency
while making the ToA measurements. An significant improvement in timing precision is noticed
while transitioning from narrow-band timing with legacy GMRT to wide-band timing with
UGMRT. Aided by wide-band timing and the use of nearly the full GMRT array, a DM precision of
107-5 pc cm”-3 and ToA precision of < 100 ns for a PTA MSP is achieved, which is 2-3 times better
than the earlier GMRT results. In this presentation, we will show recently localised two MSPs and
discuss the prospects of including them in PTA experiments to aid detection of GWs.

ASI2023_264 Ashwin Devaraj Oral

Stars, ISM and Galaxy

A Study of the 2018 and 2021 outburst of XTE J1946+274 using Astrosat and Insight-HXMT

In the presence of strong magnetic fields such as in the accretion columns of Neutron Stars, the
electrons get quantized in to circular orbits and Cyclotron Resonant Scattering Feature (CRSF) is
observed as absorption features in the X-ray spectrum as photons scatter off these electrons at
the resonant energies. CRSF or cyclotron lines are the best diagnostic tools that we have to probe
the magnetic fields of Neutron stars. It is, therefore, essential to study the dependence of the
cyclotron line parameters on factors like luminosity, pulse-phase and time. XTE J1946+274 is a
transient Be/X-ray binary that has shown several outbursts in the last three decades. It is an X-
ray pulsar with a 15.7 s spin period with an eccentric ~170 day orbital period. It underwent
outbursts in 1998, 2010, 2018 and most recently in 2021. It is also among the subset of sources
that exhibit a CRSF in it's hard X-ray spectrum. We had previously investigated the pulse-phase
dependence of the cyclotron line at ~38 keV using data from NuSTAR which had observed it
during the 2018 outburst. We further investigate the cyclotron line feature using data from
Insight-HXMT and Astrosat of the 2018 outburst and Astrosat data of the 2021 outburst. The
NuSTAR observation was made during the declining phase of the 2018 outburst, while Insight-
HXMT and Astrosat observations are during the peak. We present a comparative study exploring
the evolution of the spectral and temporal features of the 2018 and 2021 outbursts as well as
the dependence of the cyclotron line parameters on pulse-phase and luminosity in this work.




ASI2023_121 Sreelekshmi Mohan Oral

Stars, ISM and Galaxy

Imaging of HH80-81 jet in the near infrared emission lines

Star formation proceeds by the accretion of mass from dense envelopes around them and
eventually launching bipolar jets along the rotation axis. These jets on interaction with the
interstellar medium generate shocks which are rich in atomic and molecular emission lines. We
utilize these lines to characterize the shock nature and to compute the physical parameters
associated with the jet. The target of our study is the massive protostellar jet HH80-81 which is
the largest and most collimated jet known so far in our Galaxy. Near-infrared line imaging
observations of the jet in the H2 (2.122 um) and [Fe 1] (1.644 um) lines were carried out using
the United Kingdom Infrared Telescope (UKIRT). We have detected for the first time H2 and [Fe
II] line emissions from nine groups of knots associated with the jet. For each knot, we have
morphologically characterized the shock nature. Using the [Fell]/H2 line flux ratios we identify
the dominance of dissociative J-type shocks throughout the jet. The mass-loss and accretion rates
estimated are 1-2 orders of magnitude higher than that of low-mass protostellar jets, thereby
reinforcing the fact that massive star formation is plausibly a scaled up version of low-mass star
formation.

ASI2023_91 Anju Panthi Oral

Stars, ISM and Galaxy

Search for hot companions in blue metal-poor stars using UVIT/AstroSat

Blue metal-poor (BMP) stars are main-sequence stars that appear bluer and more luminous than
normal turn-off stars of metal-poor globular clusters. They are metal deficient, with [Fe/H] < -1.
These stars are believed to be either field blue straggler stars (BSS) formed via post mass transfer
mechanism or accreted from dwarf satellite galaxies of the Milky Way. A significant fraction of
BMP stars are discovered to be binaries, typically with long periods and circular orbits, likely to
have a compact companion. UVIT/AstroSat has observed 27 BMP stars in two FUV filters, F148W
and F169M. We report the discovery of hot companions in 12 of them. The hot companions with
estimated temperatures, Teff ~ 10500 — 32000 K, are white dwarfs (WDs) of extremely low-mass
(~0.20MQ® ), low-mass ( ~ 0.20-0.40 M(©® ), normal mass ( ~ 0.40 - 0.60 M(® ), and high-mass
(~ 0.8MQ© ). Eight BMP stars with orbital periods < 100 days are found to have extremely low-
mass and low-mass WDs as their hot companions. Our findings confirm Case-A/Case-B mass
transfer as the possible formation mechanism of these BMP stars. Four BMP stars with long-
periods > 100 days are found to have normal mass WDs as their companions. This supports Case-
C mass transfer as the formation pathway for these 4 BMP stars. Our initial analysis suggests that
Case-A, Case-B, and Case-C mass transfer channels play a major role in the formation of BMP
stars and thus BMP stars are likely to be candidates of field BSS.




ASI2023_157 Sakshi Gupta Oral

Stars, ISM and Galaxy

Magnetic Interaction of Stellar Wind and (Exo)planetary Environments: Implications for
Atmospheric Losses and Habitability

The long-term evolution of stellar magnetic activity shapes the magnetosphere-atmosphere of
the orbiting planets impacting their habitability. We perform three-dimensional
magnetohydrodynamic simulations followed by a detailed parameter space study to understand
how the variation in stellar wind and planetary magnetic field strength regulates the planetary
magnetic field topology and atmospheric mass loss rate. We find that the relative strength of
planetary magnetic field with respect to that of stellar wind plays a critical role in determining
the steady-state magnetospheric configuration and atmospheric erosion. Either an enhancement
in stellar wind magnetic field or a reduction in planetary magnetospheric strength leads to day-
side magnetic field accumulation similar to an induced magnetosphere. The magnetotail opens
up leading to the formation of Alfvén wings in the night-side wake region. We identify
reconnection processes and wind conditions that lead to the bifurcation of the current sheet in
the magnetotail. With increasing stellar wind magnetic field strength, the day-side reconnection
point approaches the planet, thereby increasing the mass-loss rate. Our study has far reaching
implications in the context of star-planet interaction and (exo)planetary habitability.

ASI2023 275 Priya Hasan Oral

Stars, ISM and Galaxy

The evolution of the binary fraction in star clusters

In this paper, we explore the evolution of binary fraction in star clusters within a distance of 1
kpc using three complementary techniques with Gaia DR3 data. We use published membership
data of 376 clusters within 1 kpc and study the relation of binarity to their galacto-centric
distance, size (core and limiting radii), location in the galaxy (l,b) and mass-functions. We ran
ASteca to estimate the binary fraction and parameters within various age bins. We also identify
binaries by studying the binary sequence of the composite HR digram of these clusters of varying
age bins. We also estimate binaries using the RUWE values of stars in Gaia DR3 in different age
bins. We find that the binary fraction to be $0.29 \pm0.03$ for all clusters within 1 kpc of the
Sun, irrespective of size, age and mass.




ASI2023 143 Arun Seshadri Oral

Stars, ISM and Galaxy

An understanding of the filamentary structure and massive star formation towards RCW 117

Massive stars, though rare, play an important role in determining the gas dynamics, and impact
the star foramtion efficiencies in a region. It has been observed that massive stars form in
clusters, requiring a large amount of material with appropriate densities to form. The conditions
in the massive, central hubs of hub-filament systems are favourable for the formation of such
massive star bearing clusters. We look at RCW 117, an Hll region located 2.3 kpc away towards
Scorpius, almost 10 away from the Galactic midplane. The Herschel maps indicate a hub
filamentary structure, with multiple filaments connected to a central hub. The column density
maps generated using the Herschel images suggest multiple condensations along the filaments.
We find that the maximum column density and dust temperature towards the hub is ~107{23}
cm”{-2} and ~41 K, respectively. We try to identify trends in parameters relating to filaments,
such as widths, lengths, linear density, etc and also their fragmentation. The ionised gas
distribution is mapped using low frequency radio observations using the Giant Meterwave Radio
Telescope (GMRT) at 610 and 1280 MHz and analysed to obtain the spectral index and the
characteristics of the ionising source. The Lyman continuum photon rate is ~¥9.8 x 10°{48} s*{-1},
which corresponds to single zero age main sequence star of type 06. The kinematics of the region
are studied using molecular line data, which help in understanding the gas motions in the region,
which is one of the important parameters determining the filamentary structure. Calculation of
velocity dispersion towards the filaments reveals the dominance of non-thermal gas motions,
and has a mean value ~2 km/s. Finally, we attempt to identify and classify young stellar objects
in the region from near and mid-infrared catalogues, using colour-colour and colour-magnitude
diagrams.

ASI2023 327 Pallavi Saraf Oral

Stars, ISM and Galaxy

Assessing the commonality of progenitor sites among r-process-rich stars

Detection of lanthanides from the red kilonova spectra of GW170817 has shown clear evidence of r-
process production during neutron star (NS) merger events. However, the detection of r-process-rich
stars in the very early Galaxy, as well as in some of the primordial Milky Way satellites, pose a challenge
to r-process production due to NS mergers at earlier times. Here, we present detailed chemical
abundances of four r-I stars using the 10-m Gran Telescopio Canarias GTC, including thorium abundances
for two stars using R=25000 high signal-to-noise spectra. We discuss r-process-rich stars across various
metallicities in the Galaxy as well as possible connections between different types of r-process-rich stars,
e.g., r-l, r-1l stars, and its progenitor sites. We also show the kinematic analysis of the sample to assess
their assembly history in the Galaxy. To understand the progenitor sites, we use differential analysis to
derive precise abundances between r-1l and r-1 stars.




ASI2023_189 SUSMITA BARMAN Oral

Stars, ISM and Galaxy

A Study of Photoionized Gas in Two HIl Regions of the N44 Complex in the LMC Using MUSE
Observations

We present the ionisation structure and physical conditions of two luminous H Il regions in the
N44 star-forming complex of the Large Magellanic Cloud using the CLOUDY spectral synthesis
code and the observations with the Multi-Unit Spectroscopic Explorer (MUSE) of the Very Large
Telescope. The spatial distributions of various spectral lines in N44D1 show a stratified ionisation
geometry, whereas N44C does not. The [SIl]/Ha and [NII]/HB line ratio maps show an evident
shell structure in both N44D1 and N44C. We use our spatially resolved MUSE spectra results to
explore the photoionisation models with CLOUDY that can describe the observed geometry and
emission line ratios. We find that the constant-density model gives better geometry and line
ratios than the constant-pressure model in N44D1. A spherically symmetric ionisation-bounded
model with a partial covering factor, which is appropriate for a blister H Il region, produces the
observed geometry and most of the diagnostic line ratios in N44D1. An optically thin and open
geometry model has been applied to produce the observed geometry and line ratios in N44C.
Our modelling results exhibit that the radiation from the O5V star determines the ionisation
structure and physical conditions of N44D1. In addition, a significant amount of X-rays, possibly
from supernovae or stellar wind, play a crucial role in the N44D1. In N44C, the main contribution
is from three ionising hot stars. Our study indicates that the stellar radiation and thermal gas
pressure regulate the ionisation structure and the physical conditions in N44D1 and N44C.
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Investigating the OH-H2 relation in diffuse Galactic clouds

We investigate the correlation between OH and H2 column densities in diffuse Galactic clouds,
in order to identify potential molecular tracers of interstellar H2. For this, we analyse near-UV
spectra extracted from the ESO/VLT archives towards twenty-four sightlines (eleven of them
new) with known ?(H2), along with eleven sightlines with no H2 information. We explore
correlations between the column densities of OH, CH, H2 and OH+ (detected along three new
sightlines) for the entire sample. The derived abundances of OH and CH relative to H2, ~
10$7{-7}S and ~ 10S7{-8}S respectively, are consistent with values in literature. Over an
extended range of H2 column density, ?(OH) shows significant correlation with both ?(H2) and
?(CH), following the relations ?(OH) = (8.81+0.90) x 10$”{-8}S x ?(H2), and ?(OH) = (2.61+0.17) x
?(CH) respectively. Comparison with predictions of numerical models indicate that OH absorption
arises from diffuse gas (nH ~ 50 cmS”{-3}S) illuminated by radiation fields ~ 0.5-5 GO, while CH
is associated with higher density of 500 cmS$*{-3}S. We posit that the apparent dichotomy in the
properties of the diffuse clouds giving rise to OH and CH absorption could be due to either (a)




the presence of multiple clouds along the line-of-sight, that are spectroscopically unresolved or,
(b) density gradients along the line-of-sight but within a single cloud. Thus, we conclude that OH
isindeed a reliable tracer for H2 over a large range of ?(H2), with the near-UV absorption features
arising from low-density diffuse molecular clouds.
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Spatio- temporal formation history of star clusters in the Magellanic Clouds: age trend in cluster
formation and LMC bar.

In this study, we used the GAIA DR3 data to characterize the cluster population in the MCs. The
clusters in the MCs is compiled from Bica et al. (2020) and several others in the recent literature.
We used kinematical and photometric selection criteria from Gaia to filter the samples. We
developed a statistical algorithm to remove filed stars from the cluster region. We used single to
multiple comparison field regions and retrieved the most probable cluster members. Using
Padova-Parsec stellar evolutionary models, we performed an iterative least square method to
estimate age and reddening of ~2000 clusters that satisfied our criteria. The spatio-temporal map
of age and reddening were obtained for clusters in both the Clouds. We traced the correlated
peaks of cluster formation in LMC and SMC to be at ~ 1.6 Gyr and 630 Myr, where the first peak
is likely to be due to the LMC-SMC interaction. The directional propagation of cluster formation
is noted from the South to North of the LMC over the last 2.8 Gyr. The radial shrinkage of cluster
formation over the North, South and East directions of the LMC is established from a radius of 8
to 4 deg. This is likely to be due to the loss of gas from the LMC to the Magellanic stream, through
stripping as well as outflows. We find that the pattern on the LMC bar appears not before 800-
630Myr in the cluster distribution, thereby establishing that the LMC bar is likely to have formed
about 800 Myr ago. The second cluster formation peak in the LMC likely to due to the bar
formation driven by the internal gas dynamics. We discuss the impact of these results on the
interaction and evolution of the MCs.
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A comparative UV study of Star Forming Dwarf Galaxy types using UVIT

Dwarf galaxies are by far the most abundant systems in the universe. They are characterized by
smaller sizes and shallower gravitational potentials compared to massive galaxies. These
properties make it difficult for them to retain dense gas and form stars. Our study aims to
characterize and compare the star formation in different types of star-forming dwarf galaxies
(SFDG), comprising dwarf spirals, dwarf irregulars, and blue compact dwarfs (BCDs), using
ultraviolet (UV) observations carried out with the UVIT. As the UVIT has a high spatial resolution
(~1.2"), it is possible to do a detailed study of the star-forming complexes (SFCs) in nearby dwarf
galaxies. In this project, we have extracted the SFCs and derived their sizes and FUV star
formation rates using UVIT images for 16 SFDGs. The corresponding MIPS 24-micron images are
used to correct for host galaxy extinction. Using Spitzer IRAC 3.6-micron images, we derived the
mean stellar disk mass associated with each complex. We show how these properties vary with
the galaxy radius for each type of SFDG. We also show that the SFCs follow a star-forming main
sequence, which is similar to that followed by galaxies when their total star formation rates are
considered.
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Study of near-infra-red central light distribution in nearby early-type galaxies hosting nuclear
star clusters

Nuclear star clusters are known to be the densest stellar systems in the universe with millions of
solar masses packed within the central few parsecs of a galaxy and therefore host unique stellar
dynamics. Studying how NSCs form and how they are related to the growth of central massive
black holes and their host galaxies is crucial for our understanding of the evolution of galaxies
and the physics that have shaped their central components. We present the analysis of 63 nearby
(S<S 44 Mpc) early-type galaxies hosting nuclear star clusters using the newly discovered
parameter Central Intensity Ratio (CIRS_IS) obtained from near-infra-red (3.6 S\muSm)
observations with the Infra-red-array-camera of the Spitzer space telescope. Combining the
CIRS_IS with filters such as age and B-K colour helps identify two distinct classes of galaxies
hosting nuclear star clusters. With faint, low-mass, blue galaxies in the sample, CIRS IS shows a
positive trend, while bright, high-mass, red galaxies show the opposite trend, although with large
scatters. The CIRS_IS distribution varies with central velocity dispersion, the absolute magnitude
of the B band, dynamical mass, and stellar mass of the host galaxies, indicating that the mass of
the nuclear star clusters increases with the mass of the host galaxies, for faint, low mass, young,
and blue galaxies. Nuclear star clusters appear to evolve complexly in galaxies with high mass,
old, and red colours, where no trends seem to be evident.
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Kiloparsec-scale Radio Polarized Structures of Palomar-Green Quasars and BL Lacs

| will present the results from the current study of the kiloparsec scale radio polarimetric
observations of 24 quasars and BL Lacs belonging to the Palomar-Green (PG) sample. EVLA and
UGMRT polarimetric data show extensive polarization structures in cores, jets, lobes and
hotspots of the radio-loud quasars. A large fraction of the PG quasars show restarted, distorted
(S- or X-shaped), or hybrid Fanaroff-Riley (FR) morphology. We attribute this to the optical/UV
selection criteria of the PG sample that remains unbiased at radio frequencies. Preliminary results
indicate that B-fields in the quasar jets are poloidal whereas BL Lacs show toroidal B-fields
extending up to kpc scales. This is consistent with the Very long baseline interferometry (VLBI)
observations of blazars that have found the same corresponding division in the magnetic field
structures at parsec scales. These results suggest that both intrinsic (central-engine-related) as
well extrinsic (environment-related) factors play a crucial role in the creation of the blazar
subclasses.
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The origin of spectral cutoff in ultraluminous X-ray sources

Almost all ULXs have shown a unique spectral curvature at around 10 keV, confirmed by the
broadband X-ray data from modern observatories. The origin of such a cutoff needs to be better
understood. We propose a new theoretical model which can explain this X-ray spectral cutoff
with the underlying physics of synchrotron radiation. Relativistic plasma in the presence of a
typical neutron star magnetic field can work as the origin of spectral cutoff due to the varying
latitude of radiation. A semi-relativistic plasma with high latitude angle or a highly relativistic
plasma with an emission close to the orbital plane of the electron can adequately explain this
curvature. We show the congruence of the theoretical model with NuSTAR data for two known
pulsar ULX systems, namely, NGC 5907 ULX1 and NGC 7793 P13. As a corollary of our study, it
can be understood that almost all ULXs that show such spectral cutoff are neutron star systems.
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Probing IC/CMB Interpretation for the X-ray knots of AGN through VHE observations

Detection of hard X-ray spectrum from the kilo-parsec scale jet of active galactic nuclei cannot
be accounted to the synchrotron emission mechanism responsible for the radio/optical emission.
Spectral modelling of the radio—optical-X-ray emission from the knot features suggested the jet
to be relativistic even at this scale. A plausible X-ray emission mechanism can be the inverse
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Compton scattering process with the prominent target soft photons being the Lorentz boosted
cosmic microwave background (IC/CMB). Under this interpretation, the Compton spectral
component peaks at GeV energy and many such galaxies were predicted to be Fermi candidate
sources. Non-detection of these sources raised serious questions regarding the validity of the
IC/CMB interpretation for the X-ray emission. However, IC/CMB mechanism is still a preferred X-
ray emission mechanism for the X-ray jets which were not ruled out by Fermi observations. We
revisit the IC/CMB mechanism for these sources and predict their flux at VHE energies. Our study
suggests the knots and/or the jet component of 3C 120 and 3C 111 fall within their sensitivity
limits of the upcoming Cherenkov Telescope Array(CTA). Future observations of these sources
can be an effective tool to substantiate the IC/CMB interpretation.
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Detection of a transient ULX in NGC 5813

Ultraluminous X-ray Sources (ULXs) are non nuclear X-ray point sources whose luminosity
exceeds 1039 erg/s (Makishima et al. 2000). There are persistent as well as transient ULXs where
persistent ULXs have luminosities always above 10739 erg/s and they can be explained by binary
systems which host a stellar mass compact object with super Eddington accretion rate. But
transient ULXs have luminosities sometimes above 10739 erg/s, sometimes below 10739 erg/s
and go undetected. The duration of outburst varies from a few days (M 101 - ULX 1) to a few
years (NGC 3628 — ULX). Kalogera et al. (2004) suggest that mass transfer from massive stars to
Black Holes produces unstable disks and thus a transient X-ray source. Hameury and Lasota
(2020) suggest that the thermal—-viscous instability is known to drive outbursts of dwarf novae
and low-mass X-ray binary transient sources. There are ULXs that are highly variable (both
persistent and transient) that are found to be hosting magnetized neutron stars. So, transient
ULXs are very interesting sources. We report detection of a transient ULX in NGC 5813, a central
dominant giant elliptical galaxy where ULXs are not very common. We used Chandra ACIS
observations and XMM-Newton EPIC observations of NGC 5813 carried out in 2005, 2008, 2009,
and 2011. In Chandra ACIS observation of 2005, the source was not detected and in 2008, the
source luminosity was below 10739 erg/s. In 2011, the source luminosity exceeded 10739 erg/s.
The spectrum of this ULX can be fitted with an absorbed powerlaw or an absorbed multicolor
disk black body. We could not find any counterparts for this source in FUV and visible
wavelengths. We search for the intra-observational and inter-observational variability for the
source and also try to estimate the duty cycle.
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Studying GRB afterglows with automated rapid response of the GROWTH-India Telescope

Gamma-Ray Bursts (GRBs) are among the most energetic events in the Universe. The afterglows
of GRBs span the whole electromagnetic spectrum, including optical bands. These afterglows
decay rapidly, following a typical power law index of -1.2. Such high evolution rates make it hard
to observe these candidates for a longer duration. Therefore, a very rapid turnaround time is
required to get valuable science. Here, we present the follow-up of GRB events in the last four
years using the GROWTH-India Telescope (GIT) — India’s first fully robotic telescope. GIT, with its
automated triggering capabilities, has detected more than 20 afterglows. We present the
automated triggering development and its importance in afterglow follow-up, discoveries, and
scientific results from a few interesting GRB afterglows. The afterglow of GRB 210204A is one
such candidate for which we did extensive follow-up with Indian facilities led by GIT. We detected
two optical flares in the afterglow at 7.6 x 1075 s and 1.1 x 1076 s after the burst — the most
delayed flaring ever detected in a GRB afterglow. After investigating possible causes for this
flaring, we conclude that the most likely cause is a refreshed shock in the jet. With the rapid and
long-term systematic GIT study of these afterglow candidates, we highlight the possibility of
more late-time flaring events being detected in the future. We emphasise the importance of
rapid humanless follow-up as the key to catching unprecedented science of the GRB afterglows.
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How robust are polarisation measurements to GRB location?

Measurements of the polarisation of Gamma Ray Bursts (GRBs) are extremely important for
understanding the emission mechanisms, the jet magnetic field, nature and activity of the central
engine, etc. The Cadmium Zinc Telluride Imager (CZTI) on board AstroSat has made great strides
in the measurement of GRB polarisation. Polarisation measurements utilise a direction-
dependent response of the satellite from the satellite mass model. However, not all GRBs are
localised well, and the source location can be uncertain by a few degrees. We investigate the
impact of these localisation uncertainties on the polarisation measurements by AstroSat. | will
demonstrate the effect with specific examples of GRBs, and discuss the implications of this study.
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Results from the first phase of uGMRT Low-mass Galaxy Cluster Survey (GLOMACS-I)

Galaxy clusters are the massive (as high as ~10715 M_sun) gravitationally bound objects in the
Universe. Many massive clusters (> 5x10714 M_sun) have been studied in radio bands which
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have provided ample evidence for the presence of relativistic electrons and magnetic fields (non-
thermal components) in their intra-cluster medium. However, poor clusters (<5x10714 M_sun)
have not been studied much in radio bands and the status of the non-thermal content in such
systems remains largely unknown. The limitations in the sensitivity of telescopes at low radio
frequencies and the absence of a theoretical estimate for favourable detection of diffuse radio
emission from these objects have so far discouraged their systematic studies. Fortunately, the
commissioning of the uGMRT and the LoFAR telescopes with unprecedented sensitivity in recent
times have opened up the possibilities of their detection. In this changed scenario, we thus aim
to search for the diffuse radio emission from the systematically chosen poor clusters starting with
the objects in the transitional mass range (10714 ~ M < 5x10714). For this survey project, we
select a sample of 36 galaxy clusters from low-redshift (z~0.1) in this mass (M) range from the
largest available Planck Sunyaev-Zeldovich cluster list, roughly in the GMRT exclusive declination
range, adhering to the maximum possible mass completeness and are unbiased towards cluster
mergers. In the first phase of this uGMRT Low MAss Cluster Survey (GLOMACS-I), we observed
13 low-mass clusters with the uGMRT at band 3. Interestingly, we detect diffuse radio emissions
from most of them. In this talk, | will present all new interesting results from the first phase
GLOMAC survey which includes spectacular discoveries of diffuse emission connected to cluster
halo, many steep and ultra-steep spectrum sources, new radio relics and most intriguingly a relic
in the core region of a cluster and many more.
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MALS Data Release I: Probing Evolution of Cold gas in AGNs

The MeerKAT Absorption Line Survey (MALS; https://mals.iucaa.in/) has observed 391 telescope
pointings using MeerKAT’s L- (900-1670 MHz) and UHF- (580-1015 MHz) bands at declination <
+20 degrees. Through narrowband imaging at 15 different frequencies spanning the entire L-
band, we have cataloged nearly a million radio sources and constrained their cm-wavelength
radio SEDs. In this talk, | will discuss the technical aspects and usability of the catalog and present
the immediate scientific results. MeerKAT's unprecedented surface brightness sensitivity
transcends the sensitivity constraints limiting previous large-area surveys, opening a new
window for characterizing the abundant sub-mly radio source population. Moreover, the wide
instantaneous bandwidth allows detection and kinematical study of cold gas (T~100 K), fuel for
both star formation and AGN activity, associated with such faint systems in the catalog up-to z<2
through redshifted HI 21-cm and OH 18-cm absorption lines. The catalog is highly complete
down-to 0.5 mly and the reliability is >99% for sources brighter than 0.4 mlJy, measured at 1.4
GHz. Through comparison with the NRAO VLA Sky Survey (NVSS) at 1.4 GHz we establish the
astrometric and flux density accuracy of the catalog to be better than 1 arcsec and 6%,
respectively. We have identified 1455 long-term (26 years) variable and transient radio sources,
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the majority of which are AGNs, but some may be stars, supernovae, and GRBs. We estimate
spectral indices of a subset of 125,621 sources, confirm the flattening of spectral indices with
decreasing flux density and identify 182 ultra-steep spectrum (USS) sources as prospective high-
z radio galaxies. | will also present the very first serendipitous detection of a new 21-cm
associated absorber at z=1.354, where joint radio-optical analysis allows us to discuss the origin
and distribution of the absorbing gas.
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Evidence for obscured growth of supermassive black holes in the first billion years

How billion-solar-mass black holes came to be when the universe was as young as a billion years
old is an open problem. The so-called proximity zones of quasars at redshifts z > 6 provide a
means of constraining black hole growth via their effect on the surrounding inter-galactic
medium (IGM). Recent measurements of high-redshift quasar proximity zones have yielded
surprisingly small proximity zones and therefore short quasar lifetimes, thereby deepening the
mystery of black hole formation. In this talk, | will use new high-dynamic-range simulations of the
IGM to critically examine the assumptions made in these traditional inferences of quasar
lifetimes from proximity zone sizes. | will show that the patchiness of reionization can relieve the
tension between the proximity zone sizes and black hole masses to some degree, but not fully. |
will then demonstrate that what is needed to explain the small proximity zone sizes is quasar
variability with short duty cycle and brief bright periods. This conclusion, when combined the
measurements of black hole masses of these quasars, directly leads to a prediction of significant
obscuration in high-redshift quasars. | will end my talk by arguing that this prediction can be
directly tested using JWST.
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Sun and the Solar System

Helium abundance in Stream Interaction Regions - insights

The Helium abundance (AHe = nHe/nH*100 %) varies significantly in different layers of the Sun.
The photospheric value of AHe is 8% but it remains 4-5% in solar corona. AHe varies in the
timescale of the solar cycle. Further, it also gets significantly enhanced at smaller time scales
when interplanetary coronal mass ejections (ICMEs) pass through interplanetary (IP) medium. In
the past, the variation in helium abundance (AHe) corresponding to the ambient solar wind,
ICMEs etc., have been addressed to throw new insights into the physical processes. However, the
changes in AHe in the IP medium due to the interaction of different solar wind streams have not
received adequate attention. In this talk, we will discuss the variation in AHe in the stream
interaction region (SIR) based on the measurements from the first Lagrangian point (L1) of the
Sun-Earth system. It is shown that SIRs can modify the AHe abundance in the IP medium on some
occasions, although the degree of enhancements on those occasions are usually not as significant
as seen during the passage of ICMEs. It is suggested that the pitch angle of alphas and protons
and the difference between their velocities play important roles in changing AHe inside SIRs.
Importantly, the fast wind regions of SIRs show higher modification in the AHe than in the slow
wind regions. The occurrence frequency of alpha particles having higher pitch angles in the fast
wind region is found to be higher than that of the protons. The work suggests that the differential
velocity and pitch angle distribution of alphas and protons play important roles in determining
the AHe enhancement inside SIRs. The changes in the AHe variation in SIRs during solar cycle 23
and 24 will also be discussed.
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Observational study of bipolar magnetic regions: Support of thin-flux tube rise model?

The bipolar magnetic regions (BMRs) are the intense magnetic field regions on the surface of the
Sun. These BMRs are (statistically) tilted with respect to the equatorial line, which increases with
the increase of their latitudes. In the thin flux tube model, it is believed that BMRs are produced
due to the rise of the toroidal magnetic flux tubes from the base of the convection zone and
during their rise, the torque induced by the Coriolis force acting on the diverging flows induced
from the apexes of the flux tubes produces BMR tilt. Although this rising flux tube model has
been a popular explanation for the observed BMR formation, it has not been observationally
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established. Therefore, we study the line-of-sight (LOS) magnetograms from Michelson Doppler
Imager (MDI) and Helioseismic and Magnetic Imager (HMI) for the last two solar cycles. We study
the time evolution of the properties of BMR throughout their lifetimes by tracking them using an
automated algorithm. The evolutions of BMR tilt, foot separation and flux hint the theory of thin
flux tube behind the formation of BMR.
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Evolution of the Thermodynamic Properties of a Coronal Mass Ejection in the Inner Corona

The thermodynamic evolution of Coronal Mass Ejections (CMEs) in the inner corona (< 1.5 R sun
) is not yet completely understood. In this work, we perform, to the best of our knowledge, the
first-ever study of the evolution of thermodynamic properties of a CME core observed in the
inner corona on July 20, 2017, combining the MLSO/K-Cor white-light and the MLSO/CoMP Fe
XIll 10747 A line spectroscopic data. We also estimate the emission measure weighted
temperature (T_EM ) of the CME core by applying the Differential Emission Measure (DEM)
inversion technique on the SDO/AIA six EUV channels data and compare it with the effective
temperature (T_eff ) obtained using Fe XllI line width measurements. We find that the T_eff and
T_EM of the CME core show similar variation and remain almost constant as the CME propagates
from ~1.05 to 1.35 R sun . The temperature of the CME core is of the order of million-degree
kelvin, indicating that it is not associated with a prominence. Further, we estimate the electron
density of this CME core using K-Cor polarized brightness (pB) data and found it decreasing
approximately one order of magnitude as the core evolves. An interesting finding is that the
temperature of the CME core remains almost constant despite expected adiabatic cooling due to
the expansion of the CME core, which suggests that the CME core plasma must be heated as it
propagates. We conclude that the expansion of this CME core behaves more like an iso-thermal
than an adiabatic process.
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A magnetohydrodynamic modeling approach to simulate CME-forced planetary
magnetospheres and predict geomagnetic impacts

Coronal Mass Ejections (CMEs) carry large amounts of magnetized plasma into the heliosphere
at very high speeds. Their interplanetary counterparts, or Interplanetary CMEs (ICMEs), create
adverse space weather conditions around planets. These interplanetary structures have the
potential to cause hazardous space weather and impact space- and ground-based technologies
on Earth. At CESSI, we have developed a 3D magnetohydrodynamic STORM Interaction (CESSI-
STORMI) module to simulate the interactions between ICMEs and planets with and without a
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global magnetosphere. In this talk, | shall discuss our data-driven simulations to assess ICME
impact on the Earth’s magnetosphere and present a methodology to estimate their geo-
effectiveness. We validate this module with observations and find a good match with the
observed values of the Dst index for past events. In addition, we also present a qualitative study
of the global magnetosphere under the influence of ICMEs. Our work allows us to estimate the
severity of geomagnetic storms based on early, data-driven inputs of ICME flux rope profiles
gleaned from near-Sun or in-situ observations. Thus our work has the potential to significantly
extend the time window for predicting the severity of geomagnetic storms - which remains a
grand challenge in heliophysics.
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Statistical Study of Wave Propagation in the Quiet-Sun observed by IRIS

We use IRIS sit-and-stare observations of the quiet sun, which allow us to study the propagation
of the waves above quiet-Sun atmosphere. In order to investigate the propagation of waves, we
have analyzed a number of IRIS spectral lines, including those in the photospheric region (Fe |
2799.972 A, Mn 12801.907 A), the chromospheric region (Mg Il h 2802.704 A), and the transition
region (Si IV 1393.755 A). Wavelet tools (power, cross-power, coherence, and phase difference)
are used along with a generic noise model (power-law + constant) to derive the statistically
dominant periods at different atmospheric heights, and in determining the cut-off. A study of the
Doppler velocity oscillations in the network region of the photosphere, chromosphere, and
transitions is presented. For each region, we compute the histogram distribution of significant
periods at different locations and find the dominant period. These dominant oscillatory periods
are likely associated with field-aligned magnetoacoustic waves. In the photosphere, the 5 min
period wave dominates, while in the chromosphere, the 3 min wave dominates,. In the transition
region, we find a range of periodicities with the mean period at 7 min. The cut-off frequency is
further computed by estimating the phase difference between velocity signals at two different
heights. We show the variation of the phase difference with respect to the periods. The observed
patch of the quiet-Sun behaves like an ideal magnetic portal where 5 minute magnetoacoustic
waves were dominant upto the top of the photopshere, however, only the wave power related
to 3.0 min dominant oscillation period only reaches upto the chromospheric heights. Transition
region does not stamp the signature of these two waves (5 and 3 minutes) which were dominant
at lower heights rather it shows the generation of some longer period oscillations generated in
situ there.
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Tracing the Origin and Evolution of Sun-like Planetary Systems using Molecular Astrophysics

Our Solar System is believed to have been formed about 4.6 billion years ago in a cold molecular
cloud. Its origin is still shrouded in mystery. The present state of planetary bodies, including our
own Earth and the life on it are the direct result of various evolutionary processes that these
objects have gone through during these many years. Isotopic studies of the solar system objects
and other star and planet-forming regions allow us to reconstruct the past history of our own
solar system. We can use isotopic ratios of H, C, O, and N as tools to understand the origin and
evolutionary pathways of materials in star and planet-forming regions. To understand how
isotopic ratios evolve spatially and temporally right from the molecular clouds to evolved sun-
like planetary systems, we require consistent models coupled with sensitive observations. In this
talk, I will discuss how isotopic ratio (D/H) helps us to constrain the planetary evolution processes
by combining state-of-the-art astrochemical models coupled with radiative transfer and high-
sensitive observations from the Atacama Large Millimeter/sub-millimeter Array (ALMA). Our
work also suggests possibilities of carrying out such studies using future ground-based facilities
such as the Square Kilometer Array (SKA).
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Subaru Search for Planet Nine

Planet Nine has been primarily proposed to explain the observed structure of the Kuiper belt objects with
semi-major axes beyond 200 AU. Other lines of evidence, such as the detachment of the perihelia of
outer solar system objects from Neptune, and the highly inclined orbits of some of the long period objects
also point towards this hypothesis. In this talk, | will report on our multi-year observational program to
search for Planet Nine with the Hyper Suprime-Cam instrument on the 8 meter Subaru telescope. We
were allocated a total of 21 nights of observational time out of which we lost 40 percent due to bad
weather. We were able to image over 200 sq degrees of data on multiple consecutive nights. The area
covers the sky region near the apocenters of the proposed path of Planet Nine. The data was reduced
with the state-of-the-art Rubin science pipelines and difference imaged in order to find moving objects.
These objects were then linked to find candidates which match the orbits of Planet nine, and then finally
visually inspected. We characterize the effectiveness of our detections by injecting simulated Planet nine
candidates in raw imaging data, and run those through our end to end pipeline. Our pipeline is able to
recover more than 90 percent of detectable simulated candidates out to a limiting magnitude of the
survey (median limiting magnitude > 24). | will describe the challenges involved with the data reduction,
management of a bleeding edge software pipeline over computing clusters separated over multiple
continents and having to deal with a large number of false positive detections in difference images. | will
report on the current best constraints on the existence of Planet Nine.
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Sun and the Solar System

Probing clouds and hazes in an inflated hot-Jupiter atmosphere

Exoplanetary research is on the verge of a profound shift, with the field rapidly advancing toward
accurate spectroscopic observations of exoplanet atmospheres. An important factor in
understanding exoplanetary atmospheres is the detection of clouds and hazes which can
influence atmospheric processes and observed spectra. Clouds and hazes dilute spectral features
of chemical species, resulting in a Rayleigh-like scattering slope in UV-optical and a grey-
absorbing cloud deck in optical transmission spectra. Hot-Jupiters that orbit close to their host
star can be strongly irradiated and inflated with a high equilibrium temperature, raising the
atmospheric scale-height and making it simpler to identify various atmospheric characteristics,
making them ideal-targets for transmission spectroscopy for studying various cloud species,
hydrocarbon hazes, and volatile species in gas-giant atmospheres. My research focuses on the
clouds, hazes, and volatile species in the atmospheres of a subset of hot-Jupiters by obtaining a
transmission spectrum ranging from UV-optical to MIR. This will allow different cloud condensate
species to be detected and studied in the context of gas giant atmospheres along with H20
abundance and modal particle size of the cloud-species. However, the composition of the
atmosphere varies depending on the physical characteristics of the star and planet (mass,
temperature, etc.). For the exoplanets whose Equilibrium temperature <950K, only alkali metals
are formed. In contrast, the atmosphere of hot-Jupiters with an equilibrium temperature >950K
will be dominated by silicate clouds. During the gas phase of the protoplanetary disc, the disc is
mostly composed of H and He with trance quantities of heavy elements, while during the solid
phase, the opposite is true. Determining a hot-Jupiter's metallicity, C/O, and Na/K abundance
ratios can provide crucial insights into the hot-Jupiter's structure and evolution mechanism, as
well as understanding the formation and occurrence of clouds and hazes.
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ASI2023_135 Mudit Srivastava Oral

Instrumentation and Techniques

Designs of M-FOSC-EP and ProtoPol: Spectro-Polarimeters for PRL 1.2m and 2.5m Telescopes

M-FOSC-EP (Mt. Abu Faint Object Spectrograph and Camera-Echelle Polarimeter) is an upcoming
two-channel instrument for visible wavelengths (382-1000 nm), which is currently being
designed for the recently established PRL 2.5m telescope at Mt. Abu. M-FOSC-EP would provide
the functionalities of seeing limited imaging and low-resolution spectroscopy (R~500-700) in one
channel and the capabilities of an intermediate resolution spectro-polarimeter (resolutions ~
15000) in another channel. The instrument would utilize two separate camera optics and
detector systems for each channel, while the common collimator optics would be used. The
optical design of the instrument is completed, and components are currently being procured. As
a precursor of M-FOSC-EP, a prototype instrument (named ProtoPol) has also been designed
using commercially available off-the-shelf optical and mechanical components. It would operate
in the wavelength range from 381 to 977 nm and would record cross-dispersed spectra on an off-
the-shelf 1024X1024 back-illuminated CCD at resolutions of ~6000. The prototype is currently
being developed; off-the-shelf components have been procured, and the mechanical parts are
being fabricated. ProtoPol can be used on both 1.2m and 2.5m PRL telescopes with suitable
mechanical interfaces. In this proposed talk, the speaker shall discuss the scientific objectives of
M-FOSC-EP, its expected performance and its finalized optical design configuration. The optical
and opto-mechanical designs of ProtoPol shall also be presented. As ProtoPol is currently being
assembled, its laboratory performance will also be presented.

ASI2023 148 Indrajit Paul Oral

Instrumentation and Techniques

Modelling of point spread function(PSF) for PSF photometry in PASIPHAE survey.

Polar-Areas Stellar-Imaging in Polarization High-Accuracy Experiment (PASIPHAE) is an
optopolarimetric survey aiming to measure the polarization of millions of stars, hence creating a
three-dimensional tomographic map of the magnetic field within the Milky Way. Wide Areas
Linear Optical Polarimeter (WALOP) will be used as the polarimeter in this experiment. It has a
large field of view (30’ x 30’), and it can measure the Stokes parameters simultaneously. WALOP
targets to achieve 0.15% polarimetric accuracy in the SDSS-r filter band. To achieve this much
accuracy in polarization measurement, we need to adopt an accurate photometry method. The
most conventional and easiest method for photometry is aperture photometry, which performs
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well for bright stars (magnitude 12), but for faint stars (magnitude 16), we need to follow the
better alternative way of photometry, the Point Spread Function (PSF) photometry. PSF
photometry is a two-dimensional fitting of a star image using a PSF. If the PSF is known, we can
measure the photon count very accurately, minimizing the function, defined as (image - flux x
PSF)2. The main challenging thing to do is to construct PSF. There are many methods in literature
like 2D Gaussian function, Moffat function, Zernike polynomials, principle component analysis
(PCA) to construct the PSF from a star image. Here, we present a robust method to model the
PSF from multiple images of bright stars and use it to do photometry for faint stars to achieve
the desired accuracy goal of the survey.

ASI2023 253 Swapnil Singh Oral

Instrumentation and Techniques

Development and Characterization of an AOTF based NIR Spectro-polarimeter to Study Earth as
an Exoplanet

Earth is the only known habitable planet, and it serves as a test bed to benchmark the
observations of temperate and more Earth-like exoplanets. It is required to observe the disc-
integrated signatures of Earth for a range of phase angles, resembling the observations of an
exoplanet. We present the instrument configuration of an Acousto-Optic Tunable Filter (AOTF)
based Near-Infrared (NIR: 1.0 — 1.7 um) spectro-polarimeter to observe the spectro-polarimetric
signatures of Earth. The AOTF is driven by a radio frequency signal generated with the in-house
developed radio frequency system. On application of the RF signal, the AOTF filters the incident
light and produces two diffracted narrow-band beams, which are linearly polarized in mutually
perpendicular directions. The instrument optics with a FOV of ~ 2.6 degrees is configured to focus
two output beams onto two Indium-Gallium-Arsenide (InGaAs) detectors. In-house front-end,
processing and power electronics have been developed to read out the data. Preliminary results
of the radiometric, spectroscopic and polarimetric calibration of the instrument will be discussed.
These include Frequency-Wavelength relation, spectral bandpass, the Mueller matrix of the AOTF
and field variation in the desired wavelength range. Based on the instrument characteristics,
simulations are carried out to optimize the design for the expected signal levels in various
observing conditions. The usefulness of an AOTF-based spectro-polarimeter is established from
this study and it is found that, in the present configuration, the instrument can achieve a
polarimetric accuracy of <0.3% for linear polarization for an integration time of 100 ms or larger.
The plans for observing Earth as an exoplanet from the Lunar orbit will also be discussed.
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Instrumentation and Techniques

Optical Alignment and Imaging Performance of the Solar Ultraviolet Imaging Telescope (SUIT)
onboard Aditya-L1.

The Solar Ultraviolet Imaging Telescope (SUIT) is an off-axis Ritchey—Chrétien telescope onboard
India’s first dedicated space solar observatory, Aditya-L1. It is built for full disk observations of
the Sun in the 200-400nm wavelength range from the Sun-Earth Lagrange-1 point. The chief
optical components of SUIT include a primary mirror, a secondary mirror, a field corrector lens,
and the CCD detector. In addition to this, the filter wheel assembly, thermal filter, shutter, and
baffles are used to get a good image within the required spectral band. These components
require intricate alignment to achieve the targetted image quality of 80% encircled energy in 2x2
pixels. The mounts of each component are designed to meet the tight mass budget of the payload
leading to limited degrees of freedom for their movement, making the optical alignment a non-
trivial and challenging task. The dependence of the Zernike parameters on each degree of
freedom is first simulated in Zemax. Assisted by a Fizeau Interferometer, similar adjustments are
made iteratively in the optical components to minimize the wavefront errors till they are close
to the modeled values. This is repeated for both the flight model and qualification model of SUIT.
The qualification model of SUIT is used as a collimator to perform optical tests on the flight
model. The Point Spread Function (PSF) recorded from SUIT is convolved with high-resolution
solar images to simulate the onboard performance of the payload. In this presentation, we
illustrate the methodology developed for the alighment and integration of SUIT, the simulations
employed to facilitate it, the optical quality after alignment, and the envisioned performance of
SUIT during its tenure of observing the Sun.

ASI2023 116 Radhika Dharmadhikari Oral

Instrumentation and Techniques

Development of an Alighment Device for the Prototype Segmented Mirror Telescope

The Prototype Segmented Mirror Telescope (PSMT) is a 1.3m, seven segment telescope, being
developed as a technology demonstrator for India’s large optical-IR telescope project. For the
segmented mirror to work like a single monolithic, it is important for the segments to be very
precisely aligned. The alignment process includes co-aligning (removal of tip-tilt error), co-
focusing (removal of defocus error) and co-phasing (removal of height difference between
adjacent segments) of the segments. For the PSMT, a Shack Hartmann sensor based alighment
device has been designed and developed. The device will be used to measure the tip-tilt and
defocus errors of the individual segments, thus enabling the co-aligning and co-focusing. The
device is designed to work in two different modes, Shack-Hartmann mode and the imaging mode.
After completion of the alignment procedure, the final image quality can be checked in the
imaging mode. To make the device cost effective, only off the shelf components are used. The
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optical design and analysis for the device have been carried out using ZEMAX. After completing
extensive laboratory experimentation on the optical bench, the device is finally assembled in a
custom designed and built mechanical unit and tested. A large format CMOS camera is used for
imaging purpose and device uses 3 stepper motors based actuators. The control software is
developed in the Python programming language. | would present the opto-mechanical design
details as well as preliminary experimental results obtained from the device.

ASI2023 229 Debangana Sarkar Oral

Instrumentation and Techniques

MACE Online Telemetry Analysis : Software Design , Implementation & Results

In this era of Big Data, scientific experiments contribute to a large extent in the data generation
process. Online analysis have become a need for the present day scenario to handle the data
generation rate. Major Atmospheric Cherenkov Experiment (MACE) Telescope is a 21m high
energy gamma ray telescope located at Hanle , Ladakh. This telescope consists of several
subsystems which generates varied data at different data rates . These subsystems also generate
health data which needs to be continuously monitored for smooth operation of the telescope.
Among these subsystems Camera Electronics & Data Acquisition is responsible for event data
generation. The Camera telemetry parameters are continuously monitored and analyzed online
during telescope operation. MACE Camera generates critical and routine telemetry data at an
interval of 5 seconds and 1 minute respectively. These parameters are monitored
instantaneously and a continuous statistics building of these parameters are done by the Online
Telemetry Analysis Software. The analysis software provides a graphical user interface for
visualization of the parameters like anode current, single channel rates, prompt coincidence
rates, high voltage values over the period of time. Average of these parameters on module and
channel basis is calculated and displayed on the user interface. The upper limit and lower limit of
these values are configured for status monitoring. The software also implements communication
module to interact with MACE Console Software over UDP protocol for receiving the data in real
time. It is a Qt based software designed with object oriented paradigm following an incremental
and iterative life-cycle model. The software is tested and installed at telescope site, Hanle. We
present here the software features, GUI design, software implementation and testing results.

ASI2023 388 Sagar Godambe Oral

Instrumentation and Techniques

Performance evlautation of MACE Telescope Camera

A large area imaging Cherenkov telescope MACE is installed at Hanle, a high-altitude
astronomical site in North India. The telescope deployed a 21 m diameter tracking light collector
with a high-resolution imaging camera at its focal plane. The imaging camera consists of a
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compact array of 1088 photo-multiplier tube-based pixels arranged with a triangular pitch of 55
mm corresponding to a pixel size of 0.125 degrees. The camera has been designed as a modular
structure of 68 CIM (Camera Integrated Module). Each CIM houses 16 photo-multipliers along
with their data acquisition system. Apart from the event acquisition, all other system parameters
are called telemetry parameters. Here we will present the performance of the MACE camera in
terms of telemetry and event data. We have developed a Data Quality Monitoring (DQM)
methodology to ensure hardware malfunction-free data. This removes the time stamps affected
by hardware malfunction and provides Good Time Intervals (GTls). These GTls are used for
science data analysis of potential Very High Energy (VHE) gamma-ray sources.

2"4 March 2023
Parallel Session - General Relativity and Cosmology |
[Time: 14:10 - 16:10]

ASI2023 347 Suman Chatterjee Oral

General Relativity and Cosmology

The Tracking Tapered Gridded Estimator (TTGE) for the power spectrum from drift scan
observations

Intensity mapping with the redshifted 21-cm line is an emerging tool in cosmology. Drift scan
observations, where the antennas are fixed to the ground and the telescope's pointing center
(PC) changes continuously on the sky due to earth's rotation, provide broad sky coverage and
sustained instrumental stability needed for 21-cm intensity mapping. In this talk, | intend to
present the Tracking Tapered Grided Estimator (TTGE) to quantify the power spectrum of the sky
signal estimated directly from the visibilities measured in drift scan radio interferometric
observations. The TTGE uses the data from the different PC to estimate the power spectrum of
the signal from a small angular region located around a fixed tracking center (TC). The size of this
angular region is decided by a suitably chosen tapering window function which serves to reduce
the foreground contamination from bright sources located at large angles from the TC. It is
possible to cover the angular footprint of the drift scan observations using multiple TC, and
combine the estimated power spectra to increase the signal to noise ratio. We have validated
the TTGE using simulations of $154 \, {\rm MHz}S MWA drift scan observations. | shall show that
the TTGE can recover the input model angular power spectrum $\cl$S within $20 \%S accuracy
over the S\ell$ range $40 < \ell < 7006.
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ASI2023 575 Souradeep Pal Oral

General Relativity and Cosmology

Swarm-intelligent search for gravitational waves from eccentric binary mergers

This decade should see numerous detection of compact binary mergers with the current
generation of ground-based gravitational wave detectors, namely LIGO-Virgo-KAGRA. Some of
these sources will likely carry signatures for the presence of exotic properties like the orbital
eccentricity, higher modes, spin-precision and so on. Current searches are computionally
expensive and resistant towards inclusion of such parameters in their search dimensionality. On
the other hand Particle Swarm Optimization (PSO) offers a fast and strainghtforward algorithm
to tackle any arbitrary number of dimensions. We demonstrate a robust eccentric search for
compact binary mergers using PSO. Orbital eccentricity can provide key insights into the
formation scenarios of the mergers and can play a pivotal role in find their electromagnetic
counterparts.

ASI12023_142 Raj Prince Oral

General Relativity and Cosmology

Constraining the Cosmology with Quasars

Quantifying the accelerated expansion of the Universe is one of the key issues of cosmology.
Various probes are used for this purpose, like observations of the Cosmic Microwave Background,
Supernovae la, Baryon Acoustic Oscillations, gravitational lensing, and gamma-ray bursts.
Quasars, or more generally, Active Galactic Nuclei (AGN) also joined the class of sources with
cosmological applications, and several specific methods to use these objects were proposed:
continuum time delays and emission-line time delays. In the recent past, several measurements
based on different methods imply the tension between the Hubble constant HO determination
based on the early Universe measurement and the value coming from the relatively local
measurements using SNla. This tension has posed many serious questions on the standard
cosmological model. | will talk about one of the local measurements using the quasars and how
we can use them as a cosmological tool. While addressing the quasars, | will also discuss the
issues that we should be careful about in their application to cosmology.

ASI2023 585 Kamal Krishna Nath Oral

General Relativity and Cosmology

Universal relations for generic family of Neutron Star Equations of State

As per the ‘No-Hair’ theorem, Isolated non-charged Black Holes can be entirely described by their
mass and spin angular momentum. Astrophysical objects other than black holes were not
expected to share the same type of universality. However, Neutron Stars and Quark Stars have
been found to present certain universality. The I-Love-Q relations are an example of this
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universality. These relations can provide a greater understanding of the structural and macro
properties of compact astrophysical objects with knowledge of any one of the observables
among moment of inertia, love number, and quadrupole moment. The reason behind this is due
to the lack of sensitivity of the relations with the equation of state of matter. In our present work,
we have investigated the consistency of universal relations for a generic family of equations of
state which follows all the astrophysical constraints. We have also studied the deviation in the
universality of the NS models with the EOSs, which do not follow the astrophysical constraints.
This investigation examines if universal relations can be a tool to constrain the equations of state
of matter. We have also investigated the efficiency of the Neural Networks method by using
universality as a tool. The deviation from universality can determine the accuracy of the method
to reproduce EoSs, which follow the astrophysical constraints.

ASI2023_243 Chandra Shekhar Murmu Oral

General Relativity and Cosmology

Probing the Epoch of Reionization with multi-tracer line-intensity mapping

The Epoch of Reionization (EoR) and the role of early galaxies in reionization are still poorly
probed and understood. Line-intensity mapping (LIM) has emerged as a potential tool to perform
large-volume surveys, which is otherwise expensive with point-source surveys, such as ALMA and
JWST. It will help constrain the galaxy's properties and its evolution with cosmic time by detecting
line emissions, such as the [C I1]158?m, CO, Ly-a, and [O 11I]88?m, to name a few. One of the
essential observables with LIM surveys is the sky fluctuations of the signal intensity of these line
emissions, from which we can estimate statistics like the power spectrum. It can help constrain
the astrophysical properties and the distribution of these ionizing sources. Due to various
astrophysical properties, there is scatter in the line luminosity of these galaxies with respect to
their host halo mass. It will enhance the power spectrum as compared to when modeled with a
one-to-one luminosity-halo mass correlation fit. Here, we have considered realistic scatter from
cosmological hydrodynamic simulation SIMBA. We tested model frameworks that can interpret
the impact of scatter on the power spectrum. We find that the mean correlation fit cannot
preserve the mean intensity under non-uniform scatter (and hence the clustering power
spectrum). When we model with the most-probable fit, the mean intensity and power spectrum
change can be robustly interpreted under non-uniform scatter. Therefore, we should adopt
appropriate approaches to interpret the LIM power spectrum from future observations. Similarly,
we study the impact of scatter on the EoR [H 1]21cm signal bispectrum. Our initial analysis
suggests that the bispectrum might be able to probe the additional non-gaussian signatures
introduced by the scatter in the signal. However, this needs to be studied for more redshifts
across various neutral fraction stages.
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General Relativity and Cosmology

Effective-one-body formalism for leading-order radiative effects in classical relativistic
scattering dynamics

The classical two-body problem in general relativity (GR) is notoriously complex. Hence, one resorts to
different approximation schemes to get an analytic handle on the problem. With the rapid advancement
in gravitational wave detectors, developing analytical methods for accurate theoretical modeling of
binary gravitational systems has become increasingly crucial. One of the most utilized and well-studied
analytical approximations is the post-Newtonian (PN) approximation, wherein we study the binary
dynamics in the weak-field and small-velocity limits. However, in several physical scenarios, one is forced
to relax the small-velocity approximation. In such cases, the post-Minkowskian (PM) approach is more
appropriate, wherein observables are computed as a weak-field expansion without restriction on the
velocities. To efficiently model bound binary systems using the PM results, it is advantageous to devise
an effective one-body formulation of the original two-body problem. To this end, it is instructive to do
this exercise on a relatively simpler system, namely, the relativistic two-body scattering in
electromagnetism (EM). For the first time, we provide the EOB formalism for leading-order radiative
effects in classical relativistic scattering in EM. Although the EM problem is devoid of the non-linearities
of GR, it still has several difficulties encountered in the gravitational case, making it a useful toy model
for understanding PM dynamics. After discussing the main results of the EM case, we outline the lessons
for future extensions to the gravitational case. A concrete EOB formulation for PM gravity, which also
accounts for radiative effects, will complement the well-known EOB approaches for PN dynamics and
also enhance our analytical grasp on the binary dynamics in GR.

ASI2023 77 Deepika Bollimpalli Oral

General Relativity and Cosmology

Dancing discs: Lense-Thirring precession and rapid variability in truncated accretion flows.

Many accreting black holes and neutron stars exhibit rapid variability in their X-ray light curves termed
quasi-periodic oscillations (QPOs); the most common type is the low-frequency (< 10 Hz) type-C QPOs.
These QPOs are typically observed during the "hard" spectral state; a state in which the accretion flow is
considered to be more complicated with two components: a geometrically, thick, hot corona surrounded
by a geometrically thin, cold disc. Type-C QPOS are often associated with the Lense-Thirring precession
of the inner, hot corona inclined by a certain angle with the black hole spin axis. However, none of the
earlier works involves more realistic geometries that account for the surrounding geometrically thin disc.
A matter of concern for these precession-based QPO models is the coupling between the outer, thin disc
and the inner corona and how it affects the precession. In this talk, | will focus on our recent findings that
address precisely this issue using state-of-the-art GRMHD simulations of a misaligned, truncated disc.
Our results suggest that the inner, hot flow undergoes precession at a rate much less than the predicted
rates for an isolated, precessing corona due to the presence of the outer, thin disc. The misalignment
also excites variability in the inner, hot flow, which is otherwise absent in the aligned discs.
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ASI2023_900 Robert Kirshner Invited

Plenary

Type la Supernovae in the Near Infrared: A Unique constraint on Dark Energy

Type la supernovae (SN la) are more nearly standard candles when measured in the near-infrared
(NIR) than in the optical. With this motivation, from 2012-2017 we embarked on the RAISIN (an
anagram of SN IA in the NIR) program with the Hubble Space Telescope to obtain rest-frame NIR
light curves for a cosmologically distant sample of 37 SN la (0.2 < z < 0.7) discovered by Pan-
STARRS and the Dark Energy Survey. By comparing higher-z HST data with 43 SN la at z < 0.1
observed in the NIR by the Carnegie Supernova Project, we construct a Hubble diagram
exclusively from NIR observations to pursue a unique avenue to constrain the dark energy
equation of state parameter, w. Combining our NIR sample with Cosmic Microwave Background
(CMB) constraints, we find 1 + w = -0.04 + 0.12 {ApJ 933, 172 (2022)}. There will be many
opportunities to improve this NIR measurement and better understand systematic uncertainties
through larger low-z samples, new light-curve models, calibration improvements, and by building
large high-z samples from the Roman Space Telescope. In the long run, the Thirty Meter
Telescope, in which India is a valued partner, will make observations of distant supernovae with
unprecedented sensitivity and resolution. As | will illustrate, TMT with adaptive optics will deliver
images at near infrared wavelengths that are 12 times sharper than Hubble and 4 times sharper
than JWST. This is just one of hundreds of applications where TMT will do unprecedented science.
We need your engagement and imagination to ensure that TMT achieves its potential.
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ASI2023_879 Susmita Adhikari Invited

Plenary

The universe from the edge of the Dark Matter Halo

Understanding the formation and evolution of non-linear structure in the universe can shed light
on some of the most fundamental questions in Cosmology. In this talk | will focus on how the
halo density profile can be used to understand halo and galaxy co-evolution, the nature of gravity
and dark matter. The splashback radius of halos has emerged as a probe of physics in the
interface of galaxy formation and Cosmology. It forms the edge of the orbiting region of a halo
and is sensitive to its evolution history and also the underlying cosmological model. | will discuss
what observations of massive clusters and the distribution of galaxies and dark matter within
them can teach us about some open problems in Cosmology and structure formation in the light
of our understanding of the splashback radius.

ASI12023_795 Sharanya Sur Invited

Plenary

Fluctuation dynamos in galaxies and galaxy clusters

Magnetic fields are omnipresent in galaxies and galaxy clusters with different field strengths and
varying degree of orderedness. Random magnetic fields in galaxies and galaxy clusters ordered
on the scale of turbulent motions are generated by Fluctuation dynamos. Due to their short
amplification time scales, these dynamos can rapidly amplify weak initial seed magnetic fields to
dynamically important strengths. The resulting fields are non-Gaussian and spatially intermittent.
Understanding the origin and evolution of these fields and their observational signatures present
an important challenge. Despite spectacular progress over the last two decades, a
comprehensive understanding of the intricate issues associated with the dynamo process still
remains to be resolved. At the same time, to enable fruitful comparison between theory and
observations it is necessary to strengthen the theoretical foundations by equipping it with
predictive power, essential to plan for new observations. In this light, drawing from the rich body
of work on turbulent dynamos, | will focus on two aspects of Fluctuation dynamos in this talk.
First, | will discuss some key issues in dynamo saturation and then | will focus on how quantitative
estimates of observational signatures obtained from numerical simulations of Fluctuation
dynamos in compressible turbulence can be useful to probe magnetic fields in young galaxies and
galaxy clusters.
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Plenary

Nonequilibrium effects in the dynamic solar atmosphere

To understand the structuring and dynamics of the upper photosphere and the chromosphere of
the Sun, we need numerical radiation-magnetohydrodynamical (MHD) simulations. In the solar
chromosphere, radiative energy transport is dominated by only the strongest spectral lines. For
these lines, the approximation of local thermo-dynamic equilibrium (LTE) is known to be very
inaccurate, and a state of equilibrium cannot be assumed in general. To calculate the radiative
energy transport under these conditions, the population evolution equation must be evaluated
including all time dependent terms. In this talk | will present a review on this topic of research.

ASI2023_792 Debarati Chatterjee Invited

Plenary

Probing ultradense matter in neutron stars with gravitational waves

The detection of gravitational waves has opened up a new window to the unforeseen Universe,
complementing traditional astronomy with multi-wavelength electromagnetic observations. In
particular, gravitational wave data from the binary neutron star merger GW170817, coincident
with detection of electromagnetic counterparts, provided the unique opportunity to improve our
understanding of the behaviour of matter at extreme densities. The tidal parameters of merging
binary neutron stars strongly depend on their masses and interior composition, and therefore
measuring these properties constrains the equation of state of dense nuclear matter. In this talk,
| will review how recent gravitational wave detection from neutron star mergers, combined with
information from recent advances in multidisciplinary theoretical, experimental and
observational domains, have led to improved constraints on the dense matter equation of state.
| will also discuss prospects of probing the nature of ultra dense matter in neutron stars with tidal
and post-merger gravitational wave signals using future detectors. Rapidly rotating, ultra
magnetised or oscillating neutron stars can also be sources of continuous gravitational wave
emission. | will also briefly outline the current searches for such continuous gravitational wave
sources.
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Stars, ISM and Galaxy

Low radio frequency uGMRT study of the Orion nebula: indication of nonthermal emission

The physical properties of the interstellar medium (ISM) regulate star formation activity in star
forming regions. To understand the exact role of these properties in star formation, it is crucial
to constraint them from observations. The Orion nebula hosts a variety of objects, e.g. young star
clusters, Hll region, predominantly atomic photodissociation region (PDR) and layered ionized
gases. Moreover, its close proximity (414 + 7 pc) makes it an ideal target for studying vital
properties and processes of the ISM in the star-forming region. We have utilized the enhanced
capabilities of the upgraded Giant Metrewave Radio Telescope (UGMRT) to study the physical
conditions of the ISM in the Orion HIl region. In this talk, | will present results from the wide-band
interferometric observations of the Orion nebula at unique low-frequency bands of uGMRT. We
have produced deep continuum images with off-source RMS noise ~200 uly from band-3 (300
MHz - 500 MHz) and band-4 (550 MHz 750MHz) of uGMRT. In-band spectral index maps have
been produced from the individual band data using Multi Term- Multi Frequency Synthesis (MT-
MFS) deconvolution. Also, a conventional broad-band spectral index map is obtained using two-
band flux maps. From our spectral analysis, an indication of the presence of non-thermal radio
emission, atypical of HIl regions, is found in some parts of the nebula. Furthermore, a systematic
test of the reliability of the spectral index values has been carried out from simulated uGMRT
data to verify this result and to understand and explore the requirements for a reliable estimation
of spectral index values. Results from this reliability study of the spectral index from simulated
data are used to establish the possibility of some non-thermal physical process in the Orion Hll
region.

ASI2023_495 Nirupam Roy Oral

Stars, ISM and Galaxy

Properties of atomic ISM: Galactic plane and halo

Neutral hydrogen 21 cm emission and absorption is an excellent tracer of the atomic interstellar
medium and can be used to infer various physical properties of the gas in our galaxy. Recently,
we have used 21 cm absorption and emission spectra from Galactic HI surveys to carry out a
systematic comparison of properties between lines of sight through the gas disc in the Galactic
plane and high Galactic latitude lines of sight through more diffuse gas. In this talk, | will present
some of the interesting outcome from the VLA THOR survey data as well as an ongoing Galactic
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HI absorption survey using GMRT and WSRT. Based on our analysis, the gas in the plane has a
sharp transition and flattening in the dust-gas correlation, likely related to the higher molecular
gas fraction. On the other hand, the observed brightness temperature and optical depth
correlation indicates some intrinsic difference in spin temperature distribution of the disk and
the halo gas. This may be due to a small but non-negligible fraction of cold gas with slightly higher
temperature and lower density present on the Galactic plane. In my talk | will discuss the broader
implication of some of these results.

ASI2023 86 Hema Banagere Prakash Oral

Stars, ISM and Galaxy

Hydrogen-deficiency/Helium-enhancement in Giants

The hydrogen and helium are the most abundant elements in the universe and also the main
constituents of stars. Almost all the stars are made up of hydrogen (H) and helium (He) in a
specific ratio, that is helium in any star is one tenth of hydrogen, this is a standard ratio
(He/H=0.1). There are stars in the Galactic field and also in the Galactic globular clusters that are
not having the standard He/H ratio, but slightly higher value such as: He/H= 0.1, 0.2, 0.3 and 0.4.
This enhancement in He/H ratio means that the hydrogen is mildly deficient and helium is slightly
enhanced. The origin of this deficiency/enhancement and its significance will be discussed in my
talk.

ASI2023 557 Akanksha Khandelwal Oral

Stars, ISM and Galaxy

Discovery of a massive giant planet in an eccentric orbit around a sub-giant star

Massive giant planets (4 to 13 Mj) have always been debated whether these objects should be
classified as planets or Brown dwarfs, and their presence in close-in orbit has always puzzled
astronomers. Recently, we have discovered a transiting massive giant planet around TOI-4603, a
sub-giant F-type star from NASA's Transiting Exoplanet Survey Satellite (TESS). In this meeting, |
will talk about the results related to the discovery and characterization of this newly detected
exoplanet. The planet has a radius of 1.043 Rj and an orbital period of 7.24600 days. Using radial
velocity measurements with the PARAS (PRL) spectrograph, we determined the planet's mass to
be 12.69 Mj, resulting in a bulk density of 13.9 g /cm”3. This makes it one of the few massive
giant planets with extreme density and lies in the transition mass region of massive giant planets
and low-mass brown dwarfs, an important addition to the population of fewer than five objects
in this mass range. Additionally, the planet is also going through high eccentricity tidal migration,
which will help in understanding the planet migration theories. The planet is modeled with no
central core, and all the heavy elements (assumed water) are mixed in the gaseous envelope. We
find a heavy elements fraction of 0.14 and metal enrichment of the planet (Zp/Zstar) of 4.8. It
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does not follow the traditional planet occurrence-metallicity trend for massive giant planets,
which makes it an interesting target for further detailed study of planet formation and its interior.
The detection of such systems will provide us with valuable insights into the governing processes
of massive planets, as well as enhance our understanding of their dominant formation and
migration mechanisms.

ASI2023 211 Manami Roy Oral

Stars, ISM and Galaxy

Seeding the CGM; How Satellites Populate the Cold Phase of Milky Way Halos

A significant portion of galactic baryonic content resides in a diffuse gaseous halo, the
Circumgalactic medium (CGM), which surrounds the galactic disk and extends up to the virial
radius. It has become apparent from the recent absorption and emission observations that the
gas in the CGM is multiphase. Based on their temperatures, these phases are roughly divided into
hot (T > 1076K), warm (1075-1076K), and cold phases (< 1074K). Recent observations also
pointed toward the existence of cold gas out to large radii (> 100 kpc) even in the massive haloes.
It leads to the well-debated question: how do these massive halos (whose virial temperature is
much higher than that of the cold phase) form the cold gas? and how does cold gas exist at such
a large radius? Apart from the cold mode accretion from the Intergalactic medium, the satellite
galaxy could be responsible for a significant amount of cold gas in the outer CGM. When a
satellite galaxy passes through the CGM of the host galaxy, its cold gas can be stripped by ram
pressure and mixed with the CGM of the host galaxy. There can also be significant induced cooling
in the mixing layer of stripped cold gas and hot CGM. To study these effects, we investigated a
suite of isolated galaxy simulations with GIZMO code, using FIRE-2 physics in the simulation runs.
In this talk, | will highlight at what amount and by what processes satellites can populate the cold
phase of the CGM which will help us connect some dots in the puzzle of the origin of the cold
phase of the CGM.

ASI2023 291 Namita Uppal Oral

Stars, ISM and Galaxy

Detection of Galactic warp using intermediate age population

Disk warps are common features in spiral Galaxies. It has been observed that around 50-70% of
the edge-on disk galaxies exhibit warped structures. The warp is supposed to be formed by
continuous gravitational torque and perturbations on the disk of the galaxy from various sources.
The study of galactic warps could reveal key information on the formation history of galaxies.
Our location within the Galactic disc makes it hard to trace the entire structure of the Milky Way.
However, the advantage of this orientation is that we can study the stars in greater detail as
compared to any external galaxies. Thus, Our Milky Way presents a unique case study for
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understanding the structure and evolution history of the galaxies. Many observations (HI, dust,
star-forming regions, stellar distributions) have suggested that the disk of our Galaxy is also
warped, i.e. disk is not flat but curved upward in one direction and downwards in another.
However, its origin is still a matter of debate. In order to understand the origin of the warp, we
should map the structure with different age populations. In our study, we use numerously
present distance indicator: red clump stars, to trace the structure of the Milky Way disk. The red
clump stars were extracted from 2MASS colour-magnitude (J-Ks, J) diagrams in the Galactic
plane, avoiding the bulge region (40° <= | <= 340° & -10° <= b <= 10°). A total of 10 Million stars
were selected as red clump candidates. The distribution of these red clump candidates in the R-
Z plane shows disk warping upwards for | < 180° and downwards for | > 180°. My presentation
would cover the details of sample preparation and results on warp structure.

ASI2023_270 Chirag Chawla Oral

Stars, ISM and Galaxy

Hunting down dormant compact-object binaries with Gaia

Traditional methods such as detection through X-ray, radio, or gravitational-wave emission are
sensitive only to a small subset of compact object (CO) binaries expected to form in nature. In
my talk | will explore the exciting possibilities for detecting COs in detached binaries with
luminous companions (LCs) via astrometric measurements with Gaia. With Gaia's third data
release (DR3), several dormant CO candidates have been detected. | will discuss how well our
predictions match with the recently detected dormant candidate CO properties. Finally, | will also
explain why the DR3 candidates consist mainly of white dwarfs and neutron stars, but not black
holes in large numbers as was predicted by several theoretical studies including ours.

ASI2023 262 Sourav Bhadra Oral

Stars, ISM and Galaxy

Between the cosmic-ray ‘knee’ and the ‘ankle’: Contribution from star clusters

Cosmic rays (CRs) are high-energy particles that span an extensive energy range from 1 GeV to ~
10711 GeV. CRs up to ~ 107(5-6)GeV are believed to be accelerated by supernova shocks, and
the extra-Galactic CR contribution dominates in the range above 1079 GeV. So some other
unknown sources must exist that dominate the CR spectrum in between. Our work shows that
stellar winds from massive young star clusters can explain Galactic cosmic rays (CRs) in the 1077
GeV to 1079 GeV range. The wind termination shock (WTS) in these star clusters is strong enough
to accelerate particles in this energy range, which is difficult to reach in the standard paradigm
of CR acceleration in supernova remnants. We present a model for producing different nuclei in
CRs from massive stellar winds using the observed distribution of young star clusters in the
Galactic plane and the abundances of stellar wind. We present a detailed calculation of CR
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transport in the Galaxy, considering the effect of diffusion, interaction losses, and re-acceleration
by older supernova remnants to determine the all-particle CR spectrum. Using the observed
magnetic field values in molecular clouds (where the star clusters are generally embedded), we
argue that the WTS can accelerate protons up to a few hundred PeV (1078 GeV). To match the
observed data with our model, we need an exponential energy cutoff of (3 - 4) x 1078 ? GeV and
a cosmic-ray injection fraction of ~ (5 = 7)% from the clusters. These parameter values vary
slightly with different models of the extra-galactic (= 1079 GeV) cosmic rays. Therefore, we argue
that this CR component originating from star clusters can be considered the natural ‘second
component’ of Galactic cosmic rays along with the existing CR component accelerated in the
shocks of regular supernova remnants.

3" March 2023
Parallel Session - Extragalactic Astronomy I
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Extragalactic Astronomy

Mass modelling of galaxies and revisiting Baryonic Tully-Fisher relation with 3D kinematic
modelled data

Understanding the kinematics and the mass modelling of galaxies aids in understanding both the
baryonic and dark matter halo features of nearby galaxies. Despite many observational studies,
mass modelling of galaxies has always been challenging due to different limitations, e.g., the large
and different scatters in the mass-to-light ratio in different bands make it difficult to estimate the
distribution of the stellar mass accurately. Apart from that, most of the previous studies involving
mass modelling are based on rotation curves derived from two-dimensional velocity fields from
Hl (e.g., Lelli et al. 2016) or Ha (e.g., Korsaga et al. 2019) spectroscopic observation, which often
is affected by beam smearing and projection effect. However, kinematic modelling done by fitting
the “Tilted ring model” to three-dimensional data cube is not affected by these issues. We
present 3D kinematic modelling of a pilot sample of eleven galaxies from the GMRT archive
atomic gas survey (GARCIA) (Biswas et al. 2022) using two different publicly available pipelines
(FAT, Kamphuis et al. (2015) and BBarolo, Di Teodoro & Fraternali 2015) and compare the results.
We model the observed HI rotation curve using 3.6 um infrared data and SDSS r-band data for
stellar contribution, Hl surface density profile for gas, and Navarro-Frenk-White (NFW) profile for
dark matter halo. We use Markov Chain Monte Carlo (MCMC) optimization method for mass
modelling and parameter estimation and discuss the results for individual galaxies. Further, the
best-fit parameters from this 3D kinematic modelling and mass modelling are used to revisit one
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of the most important scaling relations, the Baryonic Tully-Fisher relation (BTFR) (Tully & Fisher
1977; McGaugh et al. 2000). Our study depicts the importance of doing 3D kinematic modelling
over 2D modelling for mass modelling and using various parameters found in 3D kinematic
modelling for establishing BTFR.

ASI2023 679 Suraj Dhiwar Oral

Extragalactic Astronomy

ASTROSAT detection of LyC emmiters in GOODS-North

One of the outstanding problems of current observational cosmology is to understand the nature
of sources that produced the ionizing radiation after the Cosmic Dark Age. Due to the steep
decline of intergalactic medium transmission, direct detection of these reionization sources is
difficult at high redshift (z). The FUV band of the Ultraviolet Imaging Telescope (UVIT) onboard
AstroSat with rest-frame Lyman limit of hydrogen at 912 A from z ~ 0.97, is ideally suited for such
detections. Here we present the Lyman continuum (LyC) emitters detected at redshift z~1.2-1.6
in the Astrosat Ultradeep Deep Field North (AUDFn) using UVIT. These sources emitting extreme
Ultraviolet radiation at a rest-frame wavelength of ~600 A would be essential in constraining the
shape of the ionization spectrum. We present the estimated escape fraction, ISM properties and
SED models of the detected LyC emitters.

ASI2023 195 Sushant Dutta Oral

Extragalactic Astronomy

Remnant Radio Galaxies : Characteristics, Environments and Ages

The cessation of active galactic nuclei (AGN) activity in radio galaxies leads them into remnant
phase. Remnant radio galaxies are believed to be rare objects as they can be observed over a
relatively short period of time before the radio lobes with no supply of fresh plasma completely
fade away due to radiative and dynamical energy losses. The timescales of remnant phase and
AGN duty cycle are vital to understanding the evolution of radio galaxies. In our recent work, we
identified and characterized remnants using one of the deepest multi-frequency radio
observations performed at 150 MHz, 325 MHz and 1.4 GHz using LOFAR, GMRT and JVLA, in the
XMM-LSS field. In our study, we exploited faint (10 mlJy at 150 MHz) and high redshift (z ~ 1.0)
regime and unveiled the largest remnant sample till date. Also, for the first time, we
demonstrated the existence of a substantial population of small-size (< 200 kpc) remnants.
Contrary to the previously perceived notion, we find that the majority of remnants reside in a
less dense environment and can have relatively short ages due to the combined effects of
dominant inverse Compton losses at high redshift and the plausible rapid expansion of lobes. In
this presentation, | shall also touch upon the need for deep large-area multi-frequency radio
surveys to understand the diversity and evolution of remnants.
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Extragalactic Astronomy

Numerical simulation of accretion flows around black hole.

Viscosity plays a vital role in accretion flows around black holes. It helps in the transport of
angular momentum outwards allowing matter to get accreted into the potential well formed by
the central compact object. Apart from angular momentum transport, viscosity also heats up the
matter. In viscous transonic flows both with and without shock solutions are possible. Many
numerical simulations have shown that with the increase in viscosity, shock moves outwards.
However, all these simulations have been done with supersonic injection. In this work, we have
showed both analytically as well as numerically that depending on the injection radius, the shock
location will move inwards or outwards with the viscosity. Also, we have seen Viscous flow shows
shock oscillation. This may explain the QPOs seen in black hole candidates.

ASI2023_685 Vivek Kumar Jha Oral

Extragalactic Astronomy

New accretion disk size measurements for reverberation mapped AGN

In the innermost regions of Active Galactic Nuclei (AGN), the matter is understood to be flowing
onto the Supermassive black hole (SMBH), which forms an accretion disk. This disk is responsible
for the optical/UV continuum emission observed in the spectra of AGN. Reverberation Mapping
of the accretion disk using multiple bands can yield the structure of the disk. The simple lamppost
model implies a disk that irradiates in the X-ray wavelengths, and the photons are reprocessed
in the form of UV and optical wavelength emissions. As the emission is expected to be of the
black body type peaking at different wavelengths, depending on the temperature of the disk,
continuous, simultaneous monitoring in multiple wavelengths ranges to cover hotter inner
regions and cooler outer regions are expected to yield the structure and temperature profile of
the accretion disk itself. Using the 3 optical band light curves from the ZTF survey, we have
measured the accretion sizes for 19 AGN with SMBH masses obtained through previous
reverberation mapping campaigns. We found that the disk sizes are on average 3.8 times larger
than the expectations of the SS disk for most sources, which agrees with the recently obtained
results. Further, the disk sizes obtained are weakly correlated with the SMBH mass and the AGN
luminosity. To understand the accretion disk further using multi-band observations, and test
various accretion disk models we are monitoring a sample of bright but intrinsically low
luminosity AGN using a combination of telescopes. For 5 AGN in our sample, the observations
are completed. We will present the new results obtained from these observations, and discuss
the possibility of other models for the AGN accretion disks in order to resolve the size
discrepancy.
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Extragalactic Astronomy

Detailed study of the ELAIS N1 field with deep UVIT observations

In star-forming galaxies, young massive stars emit ultraviolet (UV) photons therefore resulting in
a direct tracer of star formation rate (SFR) at UV wavelengths. Using the Ultra-Violet Imaging
Telescope onboard AstroSat, we provide a deep far-ultraviolet (FUV) wide-field imaging study of
galaxies in the ELAIS N1 field. For point sources, our data reach 5? limiting magnitudes at 25.86
AB mag in FUV. We present the ultraviolet catalog and obtained 1911 and 457 sources at 3? and
57, respectively, along with their classifications. Besides, the optical catalog from the Sloan Digital
Sky Survey and the infrared catalog from the Spitzer Wide-Area Infrared Extragalactic (SWIRE)
survey is used with our catalogue to identify active galactic nuclei in the field. We classify 9
extended sources (class_star <0.1 ) as AGN based on the IRAC color diagnostic. We find 17
sources with spectroscopic redshift (zspec) and 634 sources with photometric redshifts (zph) in
the 3? catalogue. We have also studied the ELAIS N1 field at 400 MHz using the upgraded Giant
Metrewave Radio Telescope (UGMRT) which provides a contamination-free tracer of SFR. The
extinction-corrected SFR is derived at FUV wavelengths. These will be compared to different SFR
derived from IR and radio in future studies, preliminary results will be presented.

ASI2023_729 Sayan Kundu Oral

Extragalactic Astronomy

Stochastic particle acceleration in the downstream of relativistic shock via small-scale Alfvenic
turbulence

Particle transport in small-scale turbulence is a topic of interest following the recent
advancements in the theory of relativistic shocks and subsequent Fermi-type acceleration in such
systems. Small-scale turbulence is crucial in helping the particles complete enough Fermi cycles
(upstream-downstream-upstream) for sufficient acceleration in relativistic shocks. Here, | will
discuss this small-scale turbulence, threaded by a mean magnetic field, as a possible candidate
for driving re-acceleration in the non-thermal particles. In contrast to prior research, which
primarily focused on the spatial transport of particles in such turbulence, we examine the
momentum transport of these particles under various turbulent conditions. While calculating the
transport coefficients, we also consider turbulence spectra that lack power at the resonant scale
(or at the scale of a particle's gyro-radius). Using quasi-linear theory, we compute the transport
coefficients for this scenario and show that the averaged pitch-angle diffusion coefficient follows
an inverse power-law trend with the particle Lorentz factor. Such a trend is opposite compared
to the case for large-scale turbulence. We further study the interplay of synchrotron loss and
particle escape via parallel diffusion with particle acceleration in such a scenario for some test
cases. Such an investigation is relevant to comprehend the stochastic acceleration of particles
caused by the turbulent downstream of relativistic shocks.
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Extragalactic Astronomy

Dashing through the cluster: A UVIT view of star-forming cluster galaxies

We employ data from the Ultraviolet Imaging Telescope (UVIT) aboard the AstroSat mission to
study galaxies in nearby clusters. In a very deep Far Ultra-Violet (FUV) image of the Coma cluster,
we have discovered several galaxies with unusual FUV morphology. Our analysis indicates that
these galaxies could have recently fallen into the Coma cluster and are currently experiencing
ram-pressure stripping. In this talk, we will present the properties, plausible origin, and evolution
of these distorted FUV galaxies. We will also proffer preliminary analysis of an excess UV (XUV)
galaxy in another cluster which is experiencing ram-pressure stripping. Although observed in
multiple wavebands, the tell-tale tidal tails of this galaxy are most obvious in the FUV image. Our
analysis therefore evidently shows the crucial role played by the high resolution UVIT data in
unraveling the role of ram-pressure stripping in the evolution of cluster galaxies.

ASI2023_107 Ritesh Ghosh Oral

Extragalactic Astronomy

NASA’s Swift Tracks Potential Magnetic Flip of super-massive Black Hole

Changing-look AGNs are a new sub-class of AGNs that show dramatic changes in their spectrain
ayear’s timescale. This dramatic change in the form of the appearance or disappearance of broad
Balmer emission lines within months-years challenges our understanding of the AGN unified
model. This behavior is often associated with changes in the accretion rate and optical/X-ray
spectral state of the AGN. 1ES~1927+654 is a unique changing look active galactic nucleus (CL-
AGN) which has recently gone through some dramatic changes in optical-UV, X-ray, and radio
emission. In this work, we report the evolution of the radio, optical, UV, and X-rays from the pre-
flare state through mid-2021 with new and archival data from the Neil Gehrels Swift Observatory,
XMM-Newton, Very Long Baseline Array, the Very Large Array, Gran Telescopio Canaris, and
Galileo National Telescope. The main results from our work are: 1) The source has returned to its
pre-flare state in optical, UV, and X-ray; the disk--corona relation has been re-established. 2) The
X-rays vanished for several months and then again resurfaced, while the UV luminosity from the
accretion disk continued to fall monotonically as a power law t*(-0.91). This slope is shallower
compared to tidal disruption events (t*{-5/3). We conjecture that a magnetic flux inversion event
is the cause of this enigmatic event. 3)There is no correlation between the UV and X-rays at any
time during the changing look phase. 4). The compact radio emission at spatial scales <1pc was
at its lowest level during the changing look event in 2018, contemporaneous with the vanishing
of the power law component, indicating that the core radio emission from the source originated
from the corona. Our work resulted in a NASA press release on 5th May 2022, with the following
web-link: https://www.nasa.gov/feature/goddard/2022/nasa-s-swift-tracks-potential-magnetic-
flip-of-monster-black-hole
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Sun and the Solar System

Probing Velocity Dispersion inside CMEs in Inner corona

Coronal Mass Ejections (CMEs) are the major drivers of space weather, which are capable of
radically affecting the Sun-Earth connection and thus it is imperative to understand their
kinematics. The dynamics of a CME is an interplay between Lorentz force, gravitational force and
viscous drag force, and it is the inner corona (< 3RSun) which best manifests the role of Lorentz
force in the same. But we are yet to have a clear understanding of the kinematics of CMEs in the
inner corona. It is understood now that around 75% of CMEs show a three part structure with a
leading front, a dark cavity (the flux-rope) and the inner core (supposedly the prominence
material). However, the individual behaviour of these three parts comprising a single entity (the
CME), is poorly understood. Thus in this work, with the help of the combined observations from
Sun Watcher using Active pixel system detector and image Processing (SWAP) on-board Project
for On-Board Autonomy 2 (PROBA 2) and coronagraph K-COR at Mauna Loa Solar Observatory
(MLSO) we probe the kinematic signatures of the above three parts of CMEs. The results from
this work will improve our understanding of the initiation process, and it will also help us
understand the validity of self-similar expansion of CMEs in the lower heights.

ASI2023 343 Sudheer Mishra Oral

Sun and the Solar System

Initiation of Quasi-Periodic Pulsation at the Base of Kink Unstable Jet

Solar coronal jets are common and well-studied transients in the solar atmosphere, which may
significantly contribute to maintaining the mass and energy of the overlying solar atmosphere.
Magnetic reconnection and MHD instabilities may be the two possible mechanisms to trigger the
coronal jet. In this talk, | will discuss the initiation and evolution of a kink unstable blowout jet
using EUV AIA imaging and IRIS spectroscopic data. An inverse y-shape flux-rope appears before
the eruption of the jet, a morphological indication of the onset of kink instability. The lifting flux
rope may reconnect with the overlying pre-existing coronal magnetic field or internally to trigger
and for forming the blowout jet’s spire. Just after the launch, one leg of the flux rope erupts
completely, while another leg has connected to the solar disk. During the eruptive phase of the
jet, most of the plasma is ejected along this connected leg. The time-distance diagrams along the
eruptive jet show multiple spikes or bright dots were resulting from periodic fluctuations, i.e.,
quasi-periodic fluctuations (QPPs). The wavelet analysis confirms that QPPs have a dominant
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period of = 03 minutes. IRIS spectra obtained from the same region show the existence of broad
& complex profiles and bi-directional flows in the jet, which confirm the onset of magnetic
reconnection. Further, this periodic line-broadening and Emission Measure (EM) also show the
same period of = 03 minutes, which strongly supports that periodic magnetic reconnections
trigger QPPs in this blowout jet.

ASI2023 660 Rakesh Chandra Narwa Oral

Sun and the Solar System

SIMULTANEOQOUS STUDY OF METEOROID IMPACTS AND ELEMENTAL ABUNDANCES ON LUNAR
SURFACE

The elemental abundances on lunar surface are being collected by Chandrayaan-2 Large Area
Soft X-ray Spectrometer (CLASS) onboard CHANDRAYAAN - 2 while meteoroid impacts are
observed using - Automated Lunar and Meteor Observatory (ALaMO) and NELIOTA. The ALaMO
observatory has been capturing lunar impacts since November 2005 while the NELIOTA project
captures the same since February 2017. CLASS provides data on elemental compositions of the
lunar surface since September 2019. The meteoroid impacts on the lunar surface play a
significant role in depositing foreign elements which are rich sources of volatile compounds. The
preliminary study accounted for the observations of Mg, Al, Si and S at the sites of meteoroid
impact. This simultaneous study helps in understanding the processes that enable transport,
sequestration, and loss of volatiles from the lunar surface. The transport of volatiles to lunar
poles, the role of lunar regolith as a sink for volatiles can also be understood. This study provides
deeper insights into understanding the variation in elemental distribution across the lunar
surface and helps researchers in profiling the elemental data.

ASI2023 190 Arghyadeep Paul Oral

Sun and the Solar System

A Volumetric Study of Flux Transfer Events at the Dayside Magnetopause

Localised magnetic reconnection at the dayside magnetopause gives rise to Flux Transfer Events
or FTEs. These FTEs have been abundantly observed in-situ. The magnetic fields within the FTEs
are seen to exhibit complex helical flux-rope topologies with a mixture of field lines of various
connectivities. Leveraging the adaptive mesh refinement strategy, we perform a three-
dimensional resistive magnetohydrodynamic simulation of the magnetosphere of an Earth-like
planet and study the evolution of these FTEs. For the first time, we detect and track the FTE
structures in 3D and present a complete volumetric picture of FTE evolution. The temporal
evolutions of thermodynamic quantities within the FTE volumes confirm that continuous
reconnection at the active X-lines spanning the FTEs is the dominant cause of active FTE growth,
as indicated by the deviation of the pressure—volume curves from an adiabatic profile. An
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investigation into the magnetic properties of the FTEs shows a rapid decrease in the
perpendicular currents within the FTE volume, exhibiting the tendency of currents within the FTE
structure toward being field-aligned. Such FTEs are readily modelled from in-situ observations
using the linear (constant-a) force-free flux-rope model. An assessment of the validity of the
linear force-free flux-rope model for such FTEs shows that the structures drift toward a constant-
a state but continuous reconnection inhibits the attainment of a purely linear force-free
configuration. Additionally, the fluxes enclosed by the selected FTEs are computed to range
between 0.3 and 1.5 MWhb. The FTE with the highest flux content constitutes ~1% of the net
dayside open flux which is close to previous estimates in literature. These flux values are further
compared against the flux estimates provided by the linear force-free flux-rope model. For the
selected FTEs, the linear force-free model underestimated the flux content by up to 40%, owing
to the continuous reconnected flux injection.

ASI2023_50 VEMA REDDY PANDITI Oral

Sun and the Solar System

Eruption of the EUV Hot Channel from the Solar Limb and Associated Moving Type IV Radio
Burst

Using the observations from the Solar Dynamics Observatory, we study an eruption of a hot-
channel flux rope (FR) near the solar limb on 2015 February 9. The pre-eruptive structure is visible
mainly in EUV 131 A images, with two highly sheared loop structures. They undergo a slow rising
motion and then reconnect to form an eruptive hot channel, as in the tether-cutting
reconnection model. The J-shaped flare ribbons trace the footpoint of the FR that is identified as
the hot channel. Initially, the hot channel is observed to rise slowly at 40 km s-1, followed by an
exponential rise from 22:55 UT at a coronal height of 87 £ 2 Mm. Following the onset of the
eruption at 23:00 UT, the flare reconnection then adds to the acceleration process of the coronal
mass ejection (CME) within 3 R(®. Later on, the CME continues to accelerate at 8 m s-2 during
its propagation period. Further, the eruption also launched type Il radio bursts, which were
followed by type Il and type IVm radio bursts. The start and end times of the type IVm burst
correspond to the CME’s core height of 1.5 and 6.1 R(), respectively. Also, the spectral index is
negative, suggesting that nonthermal electrons are trapped in the closed loop structure.
Accompanied by this type IVm burst, this event is unique in the sense that the flare ribbons are
very clearly observed together with the erupting hot channel, which strongly suggests that the
hooked parts of the J-shaped flare ribbons outline the boundary of the erupting FR.
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Instrumentation and Techniques

Experimental verification of off-axis polarimetry with cadmium zinc telluride detectors of
AstroSat-CZT Imager

The cadmium zinc telluride imager (CZTI) on board AstroSat consists of an array of 64 pixelated
cadmium zinc telluride (CZT) detectors capable of measuring polarization of the incident
radiation at energies above 100 keV. Polarimetric response of CZTI for on-axis sources was
validated and investigated well before the launch of AstroSat through detailed experimental and
simulation studies which was paramount behind the tantalizing results obtained for Crab nebula
and pulsar polarization in 100 to 380 keV. CZTI has also contributed to the measurement of
prompt emission polarization for several gamma-ray bursts (GRBs). However, polarization
measurement of off-axis sources such as GRBs is challenging and therefore it is important to
experimentally calibrate the CZTI sensitivity to off-axis sources to enhance the credence of the
measurements. In this context, we carried out the experimental verification for off-axis
polarimetric capability of pixelated CZT detectors (identical to those used in CZTI). Our results
show that the CZT detectors can be used to measure polarization of bright GRBs with off-axis
angles up to ~60 degrees. However, at incidence angles between 45 deg and 60 degrees, there
are some systematic effects that need to be taken into account when interpreting the measured
polarization fraction. Here, we present the complete experimental procedure and the extensive
Geant4 simulations used for verifying and inferring the experimental data. We also discuss the
implications of our current results in the context of upcoming astronomical missions which plan
to use pixelated CZT detectors.

ASI2023 447 Bhavesh Jaiswal Oral

Instrumentation and Techniques

Concept Design of a Polarizing Stellar Coronagraph for detecting Exoplanets

Imaging the planets that orbit around other stars requires blocking the host star which is usually
8 to 10 orders of magnitude brighter than the planets. This is achieved with the help of a stellar
coronagraph. In the current work, a concept of a new type of stellar coronagraph is introduced
where the star light is blocked by a linear polarizer in the collimated beam. It is based on
differential rotation between the linear polarization state of planet light and that of star light.
This is achieved with the help of a set of thick birefringent crystals in the collimated beam of a
telescope where the planet light is made to travel extra optical path length compared to star
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light. By adjusting the orientation and thickness of the crystal, the optical path length can be
made to cause a phase difference of m, just enough to rotate the initial plane of polarization by
90 degree for planet-light without affecting the star light. Theoretical calculations involving the
phase difference due to birefringent crystals are presented along with the basic configuration
and design. It is shown that the design blocks the star light identically at all wavelengths
(achromatic). Application of this concept for detecting Earth-like extrasolar planet is discussed.

ASI2023 356 Harshit Shah Oral

Instrumentation and Techniques

Mechanical Design of the Pickup arm for TIFR-Multi-Object Optical to Near Infra-red
Spectrograph (TIFR-MOONS)

TIFR Mumbai and ARIES Nainital are developing a Multi-Object Optical to Near Infrared
Spectrograph for conducting the world’s largest young stellar object spectroscopic survey. It will
be a second generation instrument on the 3.6 m Devasthal Optical Telescope (DOT). This
instrument will be unique in the world due to its capability to simultaneously obtain 380 nm to
2500 nm spectra, at a resolution of R~2500, of up to 8 stars in the 10x10 armin2 field of view of
DOT. Apart from the main science case of conducting YSO survey, this instrument will also be
useful for various other science cases like transient follow-ups, stellar or galaxy cluster studies,
etc. The 8-sources within the FoV is acquired by moving pickup (8-nos) arms in the front optics
of the spectrograph. They redirects light compactly into the input slit of a traditional two arm
(optical & NIR) spectrometer. In my talk, | will present the optical and mechanical design model
around the optical layout to fulfill the design tolerance requirements. The positioning of any
pickup arm mirror (r, theta system) will be made by using a highly précised single ball screw with
two different pitch. One end of the screw will have an optical trombone which moves half the
distance to maintain the constant optical path length. The concept demands high precision opto-
mechanical requirements and proper alignment. | will also describe the alignment procedure
adopted for the opto-mechanical components in the front optics of this instrument.

ASI2023_415 Arun Surya Oral

Instrumentation and Techniques

MOIS: A configurable slit multi-object infrared spectrograph for DOT

The IR group at TIFR is developing a multi-object configurable slit spectrograph designed to be
used with the 3.6 Devasthal Optical Telescope (DOT). It will cover the near-infrared wavelength
band of 0.97 - 2.37 microns and have a spectroscopic field of view of 9’ x 3’ arc minutes. Following
the legacy of the MOSFIRE instrument at W.M Keck Observatory, MOIS is being designed as a
precursor to a future multi-object spectrograph for the planned National Large Optical Telescope
(NLOT). MOIS will be the first configurable slit multi-object spectrograph in India and is planned
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to be a workhorse instrument for the Indian astronomy community. It is designed with the
capability of five configurable slits created by 10 bars moving pair-wise in opposition. The design
had unique challenges of adequate thermal isolation and cooling of the slits units to ~120 K and
wide-field camera design for the f/9 beam of the telescope. We will discuss the detailed design
and modeling that have been completed as part of the preliminary design. We will also discuss
the potential science drivers for multi-object spectroscopy with DOT and with NLOT.

ASI2023 418 Bhavya Ailawadhi Oral

Instrumentation and Techniques

An automated photometric pipeline for the ILMT data

The International Liquid Mirror Telescope (ILMT) is a 4.0m survey telescope, located in Devasthal
(India), which constantly stares toward the zenith and observes a 22’ wide strip of the sky passing
over it in Time Delayed Integration (TDI) mode. During the survey, several new astrophysical
transients such as Supernovae and very faint sources like quasars and galaxies will be detected.
In order to process the data generated in the survey in an efficient and accurate manner,
automated tools and pipelines are required. We present the development of a fully automated
pipeline in python to perform aperture and PSF photometry on the ILMT data. The instrumental
magnitudes are calibrated (including the colour term) with respect to the Gaia catalogue. Long-
term light curves, from the calibrated magnitudes, will allow for a characterisation of the objects
as variables decaying gradually or rapidly.

ASI2023_511 KRISHNAN KUTTY A P Oral

Instrumentation and Techniques

Configurable Slit Unit for the Multi Object Infrared Spectrometer

At TIFR we have designed and developed a Configurable Slit Unit (CSU) to generate a multi-slit
configuration, a long slit, or an imaging aperture at the entrance focal plane of the Multi-Object
Infrared Spectrometer (MOIS, Puravankara et al.) being designed for the Devasthal Optical
Telescope. The CSU, consisting of 10 bars moving pair-wise in opposition, is capable of creating
up to 5 slits for spectroscopy at any location within the 86mmx86mm field of view of the
spectrometer. Keeping in mind the requirements of near-infrared spectroscopic observations,
the CSU is designed to operate at a temperature of 120 K. The regulated motion of the slit-bars
was achieved using piezo-electric walkers and the slits are positioned with an accuracy better
than 10 micron via a controlled position-sensitive loop. The modular nature of the design makes
the CSU scalable to accommodate a much larger number of slits. We shall present the results of
the cryogenic and optical laboratory tests of the CSU prototype built at TIFR.
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Parallel Session - General Relativity and Cosmology I
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General Relativity and Cosmology

A Unified EFT Approach to Understand Primordial Magnetogenesis

Observations indicate a detectable amount of magnetic field at astrophysical and cosmological
scales. This observed magnetic field can find its origin in the early Universe. If the inflationary
background is considered, breaking conformal symmetry is required to generate a sufficient
amount of magnetic field. Usually, conformal breaking is introduced by coupling between the
electromagnetic field and the inflation field or by including higher derivative terms. We propose
an Effective Field Theory (EFT) approach to unify these different approaches in the literature. We
show that the generation of primordial magnetic fields requires two conditions: conformal
invariance breaking and causal propagation. Based on Arxiv: 2207.05162 [gr-qc]

ASI2023 517 Joseph P J Oral

General Relativity and Cosmology

Testing the equivalence principle with Blackhole image observations

Observation of Blackhole shadows by the Event Horizon Telescopes provides an excellent
opportunity to test General Relativity in the strong field regime. One can use these observations
to test the fundamental foundations of GR, such as Einstein's equivalence principle. In simple
terms, Einstein's equivalence principle refers to simply changing the partial to covariant
derivatives of the matter fields. However, this assumes that matter fields (like electromagnetic
fields) are minimally coupled to gravity. Thus, any detection of a non-minimal coupling of the
electromagnetic field to gravity will imply a violation of the equivalence principle. In this talk, we
discuss using the Blackhole image observations to constrain the non-minimal coupling via the
Riemann tensor, which is also the leading-order quantum correction to gravity. First, we look at
the photon trajectory in Schwarzchild space-time in the presence of the non-minimal coupling.
We show that the non-minimal coupling can lead to unstable circular photon orbits, which can
be used to constrain the coupling strength from the observed image of the black hole. We will
also briefly discuss the effect of the coupling on the photon trajectory in the Kerr space-time,
which is more relevant to the upcoming observations of the supermassive black holes by the
Event Horizon Telescope.
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General Relativity and Cosmology

CMB weak lensing and galaxy weak lensing cross-correlation using ACT-DR4 and DES-Y3

Weak gravitational lensing of the Cosmic Microwave Background (CMB) and galaxies is a clean
probe of the total matter in the universe as it probes the baryonic and dark matter. The matter
that gravitationally lenses galaxies, which are at lower redshifts than the CMB, also contributes
to the lensing of the CMB, but with different weighing. Resultant cross-correlation between the
CMB weak lensing and weak lensing of galaxies offers a way to put robust constraints on the
cosmological and astrophysical parameters. We measure the angular power spectrum between
the weak lensing convergence map provided by the Atacama Cosmology Telescope (Data
Release-4 data) and the weak lensing shear map provided by Dark Energy Survey (Year-3 data).
This cross-correlation isimmune to certain systematics affecting either survey. We use the power
spectrum measurement, which passes specific null tests, to constrain the density of the matter
and the amplitude of the fluctuations in the matter distribution. We also explore constraints on
the amplitude of intrinsic galaxy alignment, with CMB as a high redshift source plane
complementary to the lensing source galaxies.

ASI2023_587 Shikhar Mittal Oral

General Relativity and Cosmology

Implications of the global 21-cm spectrum for high-redshift galaxies and JWST galaxy surveys

The first JWST results have taken us closer to the goal of directly measuring star formation at the
cosmic dawn. Various spectroscopic and photometric galaxy surveys plan to push this work
further in the near future. In my talk, | will present a new method to derive falsifiable predictions
for JWST galaxy surveys from measurements of the global 21-cm signal from the cosmic dawn.
The linear dependence of the 21-cm signal on galaxy formation physics makes it easy to read out
quantities such as galaxy luminosity functions (GLFs) under a bare minimum of assumptions. |
will then discuss the peculiar shape of the EDGES measurement of the 21-cm signal. While a large
amount of work has been devoted to the amplitude of the EDGES measurement, not much has
been said about its shape. | will show that the shape of the 21-cm signal measured by EDGES
requires either unphysically large modifications to the UV and X-ray SEDs of galaxies at cosmic
dawn or an excess over extrapolations of low-redshifts GLF that can be measured by the JWST.
This not only provides a means to develop models to analyse arbitrary 21-cm profiles but also
paves a path forward to synergise 21-cm and JWST measurements.
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General Relativity and Cosmology

Modelling the ionizing sources during the epoch of reionization

Majority of the galaxies detected at high redshifts (z > 6) till date are based either on the Lyman-
break colour selection techniques, called the Lyman-break galaxies (LBGs) or on the narrow-band
searches of the Lyman-alpha line, called the Lyman-alpha emitters (LAEs). The stars inside these
galaxies are believed to be the main drivers of reionization, although we still do not understand
their contribution unambiguously. One possible way to answer some of these questions is by
studying their large-scale properties. For example, the abundance and clustering of these galaxies
depend on how they populate the underlying dark matter (DM) haloes. We model the large-scale
properties of the high-z LBGs by populating the DM haloes in a N-body simulation. The model
parameters are then constrained by comparing the simulated mock galaxies with available
observations, like the galaxy UV luminosity function and the two-point galaxy correlation
function. Such 'mock’ galaxy catalogs are expected to be invaluable in constraining cosmic
reionization in the era of JWST and SKA, by means of cross-correlation studies of high-z galaxies
with redshifted 21-cm signal maps. Results from this ongoing work will be presented here.
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Plenary Session Il
[Time: 9:30 - 11:00]

ASI2023 779 Neeraj Gupta Invited

Plenary

The MeerKAT Absorption Line Survey (MALS) : An Overview

The MeerKAT Absorption Line Survey (MALS; https://mals.iucaa.in/) is a large project to blindly search
for HI 21-cm and OH 18-cm absorption lines with the primary goal to better characterize the cold atomic
and molecular gas in and around galaxies at 0<z<1.8. The survey is well underway using the 32K channel
mode of the correlator spanning both L (900-1670MHz)and UHF (580-1015MHz) bands. Due to the
excellent sensitivity and the large field-of-view of the MeerKAT telescope, this ~500 pointing-survey is
also delivering an extremely competitive HI 21-cm emission line (~10K galaxies) and deep radio
continuum (~million sources) survey. Further, the excellent channel resolution and sensitivity across the
wideband allows for fantastic modeling of in-band spectral indices and high resolution faraday synthesis
but also poses unprecedented challenges related to the large data volume (1.5 PB raw visibilities). The
MALS data products are being used to understand the relationship between the absorbing gas and the
galaxies, and will be released to the community through several data releases (first DR scheduled for
2023 Q1). In this talk, | will elaborate on technical challenges, the data release plan, multi-wavelength
synergies, and present the first results from the survey.

ASI2023 265 Amitesh Omar Invited

Plenary

Odd Radio Circles — New mysterious radio sources in the sky

Odd Radio Circles or ORCs are low surface brightness circular radio sources discovered recently
from the most sensitive international radio telescopes, namely SKA, GMRT and LOFAR. Some of
these objects may be 1 million light-year across, about 10 times larger than our Milky Way. The
progenitors and astrophysical processes responsible for their origins are presently debated.
Some of these ORCs may be the remnants of thermonuclear supernova outside the Milky Way
and lurking in the vast intergalactic space between its neighboring galaxies. The intergalactic
supernova events, taking place outside galaxies, were already known from the optical surveys.
Their remnants become bright in radio several thousands of years after the explosion and may
be detected anywhere in the intergalactic space with the right sensitivity of the radio
observations. As the sensitivity of the modern radio telescope arrays has increased many-fold,
astronomers are now able to detect these objects. This explanation fits well for those ORCs,
which do not have any known optical object at their centers. Some ORCs are most likely
associated with distant galaxies as their centers have a known optical galaxy and hence all of the
ORCs cannot be considered intergalactic supernovae. A widely known mechanism of disruption
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of a star by extreme tidal forces exerted by a massive black hole as the star comes in the close
proximity of the central massive black-hole in a galaxy can explain creation of ORCs in some
galaxies in terms of the energetics. In this process, the star is destroyed and about half of its mass
is thrown at very high speeds away from the black hole. This disruption process releases huge
amount of energy, similar to that produced in a supernova explosion. The shocks created in this
process can energize cosmic electrons, and may be responsible for the radio emission.

ASI2023 800 Saurabh Singh Invited

Plenary

Observing cosmic dawn through 21-cm signal

The emergence of the first stars and galaxies, often termed as cosmic dawn, and subsequent
ionization of the Universe constitute crucial epochs in the cosmic timeline. Studying the nature
of the first sources of radiation is essential to understanding their evolution. The spin-flip
transition from neutral hydrogen, 21-cm signal, constitutes a powerful probe of the early
Universe. Tracing its brightness at different cosmological redshifts and spatial scales can unravel
several poorly constrained astrophysical properties of the first stars and galaxies and their
interaction with the intergalactic medium. However, observing the elusive 21-cm signal from high
redshifts is challenging due to multiple factors, which include exceptionally bright foregrounds
and instrumental systematics. In this talk, | will discuss some of these challenges and how they
are being addressed by experiments worldwide. | will draw examples from SARAS and HERA, 21-
cm experiments aiming to detect the global and spatial fluctuations of the 21-cm signal,
respectively. | will discuss their calibration techniques, unique systematic and foreground
handling approaches, and how proposed space-based observations from PRATUSH can overcome
several challenges. | will conclude with the latest results from these experiments, which include
inference on the anomalous detection from the EDGES experiment, constraints on the properties
of the galaxies in the early Universe, and the improved limits by a joint model for the
interferometric and global signal experiments.
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Stars, ISM and Galaxy

Constraining R-process Nucleosynthesis Using 1291 and 247Cm in the Early Solar System

Short-lived radioisotopes 1291 and 247Cm are almost exclusively produced by the rapid neutron
capture process (r-process) and were present in the early Solar system (ESS) as confirmed by
meteoritic data. A recent study by Cote et al. (2021) has claimed that the observed abundances
1291 and 247Cm in the ESS are from one single “last” r-process event due to the very low
frequency of r-process sources. This, when combined with the fact that 1291 and 247Cm have
identical lifetimes of ~15.6 Myr, can be used to directly constrain the nature of the last r-process
event. The conclusion by Cote et al. (2021) was based on a one-zone Galactic chemical evolution
code that modelled the temporal stochasticity of r-process events in the Solar neighbourhood.
Here, we use the turbulent gas diffusion formalism that can simulate both the temporal and
spatial stochasticity associated with rare r-process sources. We find that 1291 and 247Cm in the
ESS do not come entirely from a single major event but get contributions from at least two more
minor contributors. This has a dramatic effect on the evolution of the 1291/247Cm ratio when 2-
3 different r-process sources, that are equally frequent but have distinct 1291/247Cm production
ratios, are considered. In this case, the measured ESS value in meteorites does not necessarily
correspond to that of the “last” major r-process event and consequently, cannot be used to
constrain it. Interestingly, however, we find that the requirement of concordance of the observed
1291/1271 and 247Cm/235U ratio in the ESS is a crucial constraint. We find that important
constraints on the properties of r-process sources that were operating during the formation of
the Solar system can still be made using the observed value of 1291/247Cm ratio in the ESS.

ASI2023 452 Shubham Singh Oral

Stars, ISM and Galaxy

Revealing a missing population of long-period pulsars with the GMRT

The susceptibility of conventional fast Fourier transform (FFT) based periodicity search to red
noise is likely to be the primary reason behind the lack of long-period pulsars in the current
population. Searching for periodic non-accelerated signals in the presence of ideal white noise
using the fully phase-coherent Fast Folding Algorithm (FFA) is found to be a more sensitive search
method than the FFT search with incoherent harmonic summing. With 2800 deg”2 of GMRT High
Resolution Southern Sky (GHRSS) survey data processing we have discovered six new pulsars
from the FFA search including three pulsars with exceptionally small duty cycles, which are now
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pushing the boundaries of known parameter space and revealing a pulsar population that may
have been missed in earlier surveys. We also discovered an extreme nulling pulsar with a nulling
fraction close to 90%. Only five other pulsars from the known population show such extreme
nulling fractions. We also report the results from localisation and timing studies of these newly
discovered pulsars, aiming to probe their emission properties and proximity with the pulsar
death-line.

ASI2023 444 Arpan Ghosh Oral

Stars, ISM and Galaxy

Spectroscopy of eruptive young variables using TANSPEC

In recent times, 3.6m Devasthal Optical Telescope (DOT) has installed an optical to near infra-red
spectrograph, TANSPEC, which provides spectral coverage from 0.55- 2.5 microns. Using
TANSPEC, we have obtained a single epoch spectrum of 9 young eruptive variables that are
categorised as FUors and EXors. We have analysed line profiles of the sources and compared with
the previously published spectra of these objects. Comparing the line profile shapes with the
existing theoretical predictions, we have tried to understand the physical processes that are
responsible for the current disc evolution and the present accretion dynamics. Our study has
shown the importance for time evolved spectroscopic studies for better understanding the
evolution of the accretion mechanisms which in turn can help in better categorisation of the
young stars displaying episodic accretion behaviour.

ASI2023 455 Anusree K G Oral

Stars, ISM and Galaxy

Hard X-ray pulsars: A Picture from AstroSat-CZTlI

Fermi-LAT has led to a golden era of y-ray pulsars with more than 270 detections in the last couple
of decades, fostering several population studies of y-ray pulsars leading to a LAT picture of the
pulsar magnetosphere. However, similar studies of non-thermal X-ray pulsations are lacking due
to the unavailability of sensitive instruments. These pulsars are weak emitters in the hard X-ray
bands and require substantial exposure times to detect pulsations. The Cadmium Zinc Telluride
Imager (CZTI) onboard AstroSat is an open detector above 100~keV and facilitates long
integrations irrespective of the spacecraft pointing. A custom algorithm utilizes this property to
recover hard X-ray pulsations of LAT-timed pulsars from the archival CZTI data (Anusree et al.
2021). The recent inclusion of some of the previously ignored CZTI pixels post-re-calibration
allows the construction of pulse profiles up to 1~¥MeV. Though the limited count rates preclude
detailed spectroscopy, a reasonable estimation of the power-law index of the radiation spectrum
of off-axis pulsars is possible with the AstroSat mass model simulations (Anusree et al. 2022).
This paper consolidates the results of our analyses of about 30~mega-seconds of CZTI data
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spanning ~6 years to obtain hard X-ray pulsations of selected y-ray pulsars. We gather a sample
of 19 pulsars observed in y-rays and have a distinct non-thermal emission component in their X-
ray spectra and present hard X-ray characteristics for each of them based on our analysis, such
as profiles up to sub-MeV CZTI bands and approximations of spectral slopes. We review the high-
energy observational studies of these pulsars and compare them with general characteristics
emerging from X-rays and y-rays. We conclude that y-ray pulsars appear usually pulsed in hard
X-rays with double or multiple peaked morphologies with a large variety of spectral slopes in the
80-200~keV CZTI band within the range 0.7-2.1.

ASI2023 479 Firoza Sutaria Oral

Stars, ISM and Galaxy

A soft x-ray survey of the Cygnus loop with Astrosat.

We present here a comprehensive x-ray and UV study of the southern, "break-away" region of
the Cygnus supernova Remnant (SNR), which has been extensively mapped by Astrosat. The 0.3-
10 keV x-ray spectrum is best fit by multi-temperature models of a shocked plasma, with the 0.5-
0.7 keV band dominated by charge exchange (CX) reactions. The observations further confirm
that the x-ray emission is limb-brightened, although the effect varies across this breakaway
region. The CX contribution is indicative of a highly ionized, shocked, ejecta interacting with a
cold interstellar medium. Overall, our observations are consistent with a model wherein the
supernova shock has only recently started interacting with the walls of a ISM cavity carved out
by a massive, possibly late -O or early -B type progenitor star.

ASI2023 443 Anirban Dutta Oral

Stars, ISM and Galaxy

Probing the accretion physics of a unique magnetic cataclysmic variable Paloma using X-ray
broadband study

Polars are a type of magnetic cataclysmic variables (mCVs) which show perfect synchronicity
between the spin period of the primary white dwarf (WD) and the orbital period of the binary
system. Whereas, Intermediate polars exhibit large asynchronicity between the two periods (>~
90%). However, there exist a few rare mCVs where the difference between spin and orbital
period is much less (<20%), which neither confirms as a true Polar nor an IP. We present the
broadband X-ray study of one such unique system — Paloma. Using simultaneous data from
XMM-Newton and NuSTAR observatories, covering a 0.3-40 keV energy band, our work highlights
the essential properties involving accretion physics and system geometry. We estimate the mass
of the WD by measuring the temperature of the strong shock produced by the infalling matter
above the WD poles. We notice strong spectral variability over the rotation cycle of the system,
indicating the presence of powerful and inhomogeneous intrinsic absorber present near the
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emission sites. We detect the possibility of photoionised emission from the warm intrinsic
absorber, heated up by the emission from the shock. We argue for a tall shock scenario based on
the presence of a weak neutral Fe K-alpha line and weak Compton reflection originating from the
surface of the WD. Also, we discuss possible explanations behind the significantly strong orbital
frequency peak compared to the weak spin frequency peak in the X-ray power spectrum, which
is a distinguishing feature of Paloma and not commonplace in traditional IPs.

ASI2023 506 Manoj Puravankara Oral

Stars, ISM and Galaxy

Investigating Protostellar Accretion (IPA) across the Mass Spectrum: First results from the JWST
Cycle 1 program

Investigating Protostellar Accretion (IPA) is a 66 hrs Cycle 1 JWST program that will observe five
deeply embedded protostars in their primary accretion phase, ranging in mass from 0.1 M_sun
to 12 M_sun (0.2 to 10000 L_sun) with NIRSpec and MIRI IFU. Leveraging the unprecedented
combination of sensitivity, angular resolution, wavelength coverage, and spectral resolution of
the JWST, we have obtained NIRSpec and MIRI data cubes that are rich in line emission and ice
absorption features. IPA has produced 1-d spectra in the 2-28 micron range and line maps of
ionic, atomic, and molecular emission and ice absorption from these protostars down to spatial
scales of ~ 30 au. We will present an inventory of the lines, the ice features detected, and their
spatial maps. We will measure the accretion rate and the mode of accretion from the
spectroscopic signatures of disk accretion and investigate how they scale with protostellar mass.
We will also study line diagnostics of shocks produced by jets/outflows and measure mass flow
rates in the winds along the envelope cavities in these protostars. Our JWST observations
provide, in unprecedented detail, a comprehensive picture of coupled accretion and feedback
that plays a central role in determining the masses of stars and shaping the conditions for planet
formation in protoplanetary disks.

ASI2023 341 Manoneeta Chakraborty Oral

Stars, ISM and Galaxy

Burst—disk interaction in neutron star low mass X-ray binary 4U 1636-536

Intense X-ray bursts (type-l bursts), originating from unstable thermonuclear conflagration on
the surface of neutron star low-mass X-ray binaries (LMXBs), can offer a promising tool to
constrain the equation of state of the supra-nuclear matter at the neutron star core and to probe
gravity in the strong field regime near the neutron star. In order to employ the bursts to
investigate the neutron star characteristics, the burst spectral properties and their evolution
must be understood in detail. Here, we present the detection of 51 thermonuclear X-ray bursts
observed from neutron star LMXB (low mass X-ray binary) 4U 1636-536 by the Neutron Star
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Interior Composition Explorer (NICER) over the course of a 3 yr monitoring campaign. We
performed the time-resolved spectroscopy for 40 of these bursts and showed the existence of a
strong, soft excess in all the burst spectra above the typical thermal emission. The excess
emission can be explained by the use of a scaling factor (the fa method) to the persistent emission
of the source, which is attributed to the increased mass accretion rate onto the neutron star due
to Poynting—Robertson drag. The soft excess emission can also be characterized by the use of a
model taking into account the reflection of the burst emission off the accretion disk. We also
present the time-resolved spectral analysis of five X-ray bursts simultaneously observed by NICER
and AstroSat, which confirm the main results with even greater precision. Finally, we present
evidence for Compton cooling using seven X-ray bursts observed contemporaneously with
NuSTAR, by means of a correlated decrease in the hard X-ray light curve of 4U 1636-536 as the
bursts start.
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Stars, ISM and Galaxy

Turbulent Multiphase ISM: Direct Comparison of Observations and Simulations

Magnetohydrodynamic (MHD) turbulence in the Interstellar Medium (ISM) significantly affects
its properties. But unfortunately, from an observational perspective, it is challenging to study
turbulent properties of the diffuse ISM through standard HI 21-cm absorption or emission data.
Turbulence-induced broadening of the spectral lines makes it difficult to infer the true physical
properties from the spectral data. A relatively recent method proposed to tackle this problem
involves the multi-gaussian decomposition of the HI spectrum to identify the different ISM
components, and employ statistical properties of turbulence, like Larson-like scaling of velocity
dispersion, to decouple the thermal and turbulent spectral line broadening. On the other hand,
several MHD simulation-based studies on ISM turbulence, with various kinds of turbulence
driving, have been conducted, involving the study of time evolution and the statistical properties
of various physical parameters like pressure, temperature, and magnetic field. But little effort
has been made to combine or compare simulation and observational results. In this work, we
check how the results from observational and simulation data for diffuse ISM tally. We take both
ISM MHD simulation data and actual 21-cm spectral data, pass them through the same analysis
pipeline, and compare the results. We notice a mismatch between the expected and the
observed outcomes. Further analysis shows that several assumptions about the gas in ISM, often
made during studies of observational data, may not be correct and, thus, may lead to incorrect
conclusions. We also identify shortcomings with simulation data and find that it may not correctly
represent the ISM in terms of the turbulence properties. Further, we modify the existing analysis
methodologies and create a better data analysis pipeline.
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Extragalactic Astronomy

Detection of minute-timescale gamma-ray variability in BL Lacertae by Fermi-LAT

BL Lacertae, the prototype of the BL Lacertae (BL Lac) category of blazars, underwent a giant
y-ray flare in April 2021. The Large Area Telescope (LAT) on board the Fermi Gamma-ray Space
Telescope (hereafter Fermi-LAT) observed a peak gamma-ray (0.1-500 GeV) flux of ~2 x 107 (-5)
photons cm-2 s-1 within a single orbit on 2021 April 27, which is historically the brightest
gamma-ray flux ever detected from the source. Here, we report, for the first time, the detection
of significant minute-timescale GeV gamma-ray flux variability in the BL Lac subclass of blazars
by the Fermi-LAT. We resolved the source variability down to two-minute binned timescales with
a flux halving time of ~1 minute, which is the shortest GeV variability timescale ever observed
from blazars. The detected variability timescale is much shorter than the light-crossing time (~
14 minutes) across the central black hole of BL Lac, indicating a very compact gamma-ray
emission site within the outflowing jet. Such a compact emitting region requires the bulk Lorentz
factor of the jet to be larger than 16 so that the jet power is not super Eddington. We found a
minimum Doppler factor 6_min of 15 using the & function approximation for the yy opacity
constraint. For a conical jet geometry, considering I = 6_min, the observed short variability
timescale for BL Lac suggests that the very compact emission region lies at a distance of about
8.62 x 107(14) cm from its central engine.

ASI2023 263 Souradeep Bhattacharya Oral

Extragalactic Astronomy

Uncovering the recent major merger in the Andromeda galaxy from Planetary Nebulae
kinematics

At a distance of ~780 kpc, Andromeda (M31) is the nearest giant spiral galaxy to the Milky Way.
Its proximity allows for a detailed study of its structure and stellar populations. M31 has
experienced a tumultuous merger history as evidenced from the many substructures that are
present in its inner halo, particularly the G1-Clump, NE- and W- shelves, and the Giant Stream. In
a series of papers published over the recent years, we have explored the planetary nebulae (PNe)
population of M31. Their line-of-sight velocity (LOSV) and chemical abundance measurements
have revealed the distinct thin and thicker discs of M31. Now we present the LOSV
measurements of PNe in the aforementioned four substructures. Including also measurements
of red-giant-branch (RGB) LOSVs in these substructures, we compare with predictions of satellite
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and host material in a recent major merger (mass ratio = 1:4) simulation to help interpret the
data. The observed projected radial distance vs. LOSV phase space for the two shelves and GS,
links these substructures' formation in a single unique event, consistent with a major merger. We
strikingly find the G1-clump to be dynamically cold, consistent with being composed primarily by
pre-merger disc material. Such a structure cannot form in a minor merger (mass ratio ~1:20), and
is therefore a smoking gun for the recent major merger event in M31. Juxtaposed with previous
results for its disc, we now conclude that M31 has had a recent (2.5-4 Gyr ago) 'wet' major merger
with the satellite falling along the giant stream disrupting the pre-merger disc to form the M31
thicker disc, while also forming the aforementioned inner-halo substructures and rebuilding the
M31 thin disc from freshly infallen gas. M31 is now the galaxy with the most well constrained
recent merger history. | will also address the possible scope for further constraints.
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Extragalactic Astronomy

Shell region in the North-Eastern Small Magellanic Cloud: Star formation history and kinematics
using UVIT/AstroSat and Gaia

The Small Magellanic Cloud (SMC) is one of the nearest gas-rich irregular dwarf satellites of the
Milky Way. Its evolution is affected by its interaction with its companion, the Large Magellanic
Cloud (LMC) and/or with the Milky Way. With its widespread star formation and low metallicity,
the SMC is one of the best test beds to study star formation and evolution in the interacting
environment. The shell region in the North-Eastern SMC is a tidally affected region that shows
the recent star formation. Our aim is to understand the spatial distribution, age dating, and
kinematics of this part of the tidally affected SMC disk, primarily due to its recent interaction with
the LMC ~ 250 Myr ago. We obtained the Far-UV (FUV) images of eleven fields of the Shell region
in the North-East SMC using the UltraViolet Imaging Telescope (UVIT) on AstroSat, the first Indian
Space observatory. We created science-ready images and performed the PSF photometry. We
cross-matched the detected FUV stars with the GAIA EDR3 data and eliminated the foreground
stars to create a Far UV catalog of a few thousand stars younger than ~ 600 Myr. We created
FUV-optical color-magnitude diagrams and estimated the ages of the stellar population using
isochrones to map the morphology, density, and tidal features present in this part of the SMC
disk. The identified episodes of star formation are used to constrain the details of the recent
interaction of the SMC with the LMC. We also estimated the dispersion in the proper motion of
the young and old stars to explore the kinematics of the outer SMC disk.
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Extragalactic Astronomy

Deciphering the origins of FRBs using local Universe CHIME/FRB discoveries

Fast radio bursts (FRBs) are one of the greatest unsolved mysteries in modern astronomy. Though
a plethora of models has been proposed to explain FRBs, the origin of these extremely energetic
millisecond-duration radio pulses remains a topic of great debate, owing to the paucity of well
localized FRBs. One of the promising methods to narrow down their origins is by identifying their
hosts and/or multiwavelength counterparts. Unfortunately, due to the limited sensitivity of
telescopes, multi-wavelength follow-up is most promising for local Universe FRBs (distance < 100
Mpc). The Canadian Hydrogen Intensity Mapping Experiment (CHIME)/FRB project has been
detecting FRBs since July 2018, and many of them have sufficiently low dispersion measure (DM)
suggesting a nearby origin. Even better, the localization of low-DM FRBs to a few arcminute
precision using the CHIME/FRB baseband system can result in a reliable host association for
nearby FRBs. In this talk, | will report on the CHIME/FRB discoveries of several local Universe
FRBs. Multi-wavelength follow-ups of these local Universe FRBs will enable more stringent limits
to be placed on high energy counterparts than for more distant FRBs, which are the majority of
the FRBs localized to a host galaxy to date. Finally, | will also discuss the constraints we derived
using these localized nearby FRBs on different proposed progenitor models, FRB energy function
and Milky Way halo contribution.

ASI2023 337 Gourab Giri Oral

Extragalactic Astronomy

Understanding the origin of peculiar jetted winged galaxies using multiwavelength modelling

A small fraction of the ejected jets from Active Galactic Nuclei (AGN) are found to be deviating from their
intended path, creating peculiar winged radio galaxies. Some of these sources raise X-shaped morphology
by bending the jet in opposite direction producing inversion symmetric structures. Because of this
peculiarity, the formation mechanism of such sources is still debated, with the debate relating the origin
to the asymmetric ambient medium or any complex activities occurring in the AGN. As more low-
frequency radio observations and high-resolution X-ray observations become available, unravelling the
macro-physics responsible for their formation is becoming increasingly difficult because of the
complexity observed associated with them. In this regard, we have performed numerical simulations
using hybrid Eulerian-Lagrangian framework and the Adaptive Mesh refinement techniques to shed some
light on the origin and evolution of these galaxies by better capturing the underlying physical processes.
Use of these updated approaches has helped us understand the unusual spectral properties observed in
these sources, which will be showcased along with their correlation to the diffusive shock acceleration
mechanism. We will also discuss how the formed morphology varies based on viewing angle and different
formation scenarios. Furthermore, the X-ray map obtained of the ambient cluster medium of such
galaxies from our simulations will also be showcased, along with a discussion on what information they
share while determining the macro-physics of these galaxies.
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Extragalactic Astronomy

A viable model to explain the Fast radio burst using the Gertsenshtein-Zel'dovich effect

Fast Radio Bursts (FRBs) are one of the super-energetic radio pulsed signals with a short (< 1 sec)
time duration. In recent years, numerous theoretical explanations for the origin of FRBs have
been proposed. However, even with exotic physics, models have been unable to universally
explain the properties of these events, such as peak flux and pulse width. In this study, we present
a novel model that explains the origin of FRBs of GHz frequency radio waves. The model has three
ingredients: compact object, progenitor with very strong effective magnetic field strength, and
GHz frequency gravitational waves (GWs). Due to the Gertsenshtein-Zel'dovich effect, when GWs
pass through the magnetosphere of such compact objects, their energy is converted into
electromagnetic waves. This conversion produces bursts of electromagnetic waves in the GHz
range, leading to FRBs. Therefore, we infer that millisecond pulsars may be the origin of FRBs.
Further, our model offers a novel perspective on the indirect detection of GWs at high-frequency
beyond detection capabilities. (Based on arxiv:2202.00032)

ASI2023_205 Sandeep Kataria Oral

Extragalactic Astronomy

Importance of Dark matter Angular momentum distribution on Bar Secular Growth Evolution in
Milky Way-type disks.

The dark matter halo properties, for example, halo spin, halo concentration, etc., play a
significant role in the formation and evolution of bars in disk galaxies. This study highlights the
importance of dark matter halo angular momentum distribution in the disk's central region. We
experiment with N-body galaxy models having disk and dark matter similar to Milky Way-type
galaxies. In these models, we vary the discontinuity of the angular momentum distribution of the
halo by controlling the prograde to retrograde orbits contained by the total energy of individual
orbits. Our N-body experiments suggest that bar forms after a few Gyr of disk evolution in all the
models. However, in the secular evolution of the bar, as we evolve these models until 10 Gyr, the
bar gains its strength in the model with the most continuous halo angular momentum
distribution, and the bar losses strength for the most discontinuous halo angular momentum
distribution. The secular evolution of bars suggests Box/Peanut/X-shaped bulges similar to those
found in the Milky Way disk should be more pronounced in halos with continuous halo angular
momentum distributions of halos.
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Extragalactic Astronomy

Dependence of evolution of gas content in disc galaxies on ram pressure.

Comprehensive observations and numerical simulations of galaxy clusters suggest that gas
deficiency in the galaxies could be due to ram pressure stripping due to the high-pressure intra-
cluster medium acting on the galactic discs. To extensively study the dependency of the gas
evolution in disc galaxies, we take an analytical approach to study ram pressure stripping (RPS),
using analytical models for galactic disc density profile and the distribution of halo gas. The
question of interest for the authors is: How does RPS vary with the ambient medium and the
galaxy's properties? Our numerical explorations give us the amount of gas removed from the
galaxy along with its distribution as the galaxy moves past the ambient medium. We have
explored the dependence of RPS on ambient medium parameters like: their morphology,
baryonic mass fraction and redshift. The parameters explored for the disc galaxies are their mass,
spin parameter, orbit, asymmetries (like spiral structures) and magnetic fields. We find that
galaxies in cluster halos get stripped of gas more efficiently as compared to group and galaxy
halos. The non-radial orbits and infalling galaxies not being face-on decrease the amount of gas
removed. We observe that the density of the gas concentrations, scale lengths, the mass of the
spiral galaxies, the number of arms, and the width of arms all affect how efficient ram pressure
stripping is. For a magnetized galaxy we find that, up until the cluster’s core, a strong magnetic
field enables gas retention in the disc of the spiral galaxy, upto radius comparable to the disc
scale radius, implying that the stripping rates are suppressed by a strong magnetic field, all the
way upto centers of cluster. This naturally explains the presence of gas rich galaxies in dense
cluster environments.
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Extragalactic Astronomy

The dynamical lineage of ultra-diffuse galaxies: Are they similar to dwarf irregulars or low
surface brightness galaxies?

Ultra-diffuse galaxies (UDGs) are remarkable for their very low stellar surface brightness and
relatively large stellar disks given their small dynamical masses. They are found in field to cluster
environments, comprising a significant fraction of galaxies in the local universe, and are hence
ideal test-beds to understand the formation and evolution of galaxies. The physical mechanism
that primarily regulates their structure and kinematics continues to be a puzzle. We carry out the
dynamical modeling of a sample of 7 atomic hydrogen-rich field UDGs, employing the distribution
function-based galaxy modeling framework AGAMA (Action-based Galaxy Modelling
Architecture); the mass models of these galaxies constructed from stellar photometry and Hl
21cm radio-synthesis observations were already available in the literature. Similarly, for
comparison, we model a sample of 7 low surface brightness galaxies (LSBs) and 8 dwarf irregular
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galaxies (dlrrs) as well. For each of the 3 samples, we next carry out Principal Component Analysis
(PCA) of the structural and kinematical parameters thus obtained to identify the crucial physical
mechanisms regulating the dynamics of the galaxies in each of these samples. The first two
principal components explain more than ~ 80% of the variation in the data for all the three cases.
Interestingly, we note that in case of UDGs and LSBs, their unique structural features are
regulated by the asymptotic velocity followed and the specific angular momentum of the stellar
disc. However, the dirrs seem to be dominated by the compactness of its mass distribution and
the stellar velocity dispersion. Our results thus indicate that the structure and kinematics of UDGs
and LSBs, are possibly governed by the same dynamical mechanisms, which are different from
those of the dirrs. We therefore conclude that the total dynamical mass and the stellar specific
angular momentum primarily govern the distinctive structural characteristics of the UDGs.
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Sun and the Solar System

Dynamical Instabilities in Multi-Planet Systems

Discovered high multiplicity exoplanet systems are generally more tightly packed when
compared to the solar system. Such compact multi-planet systems are often susceptible to
dynamical instability. We investigate the impact of dynamical instability on the final orbital
architectures of multi-planet systems using N-body simulations. Our models initially consist of
eight planets placed randomly according to a power law distribution of mutual Hill separations.
We find that more than 90% of our synthetic planetary systems go through a phase of dynamical
instability, losing at least one planet. The surviving systems emerging from this chaotic evolution
closely resemble the Kepler-detected multi-planet systems in terms of distributions of planetary
masses, orbital periods, period ratios, and mutual Hill separations after taking into account
transit geometry and Kepler detection efficiency. Our simulations reproduce various trends
among observed Kepler planets, such as multiplicity-dependent eccentricity distribution, smaller
eccentricities for larger planets, and intra-systems uniformity. These findings indicate that
dynamical instabilities may have played a vital role in the final assembly of super-Earths and sub-
Neptunes.

ASI2023 429 Devojyoti Kansabanik Oral

Sun and the Solar System

Deciphering Faint Gyrosynchrotron Emission from Coronal Mass Ejection using Spectro-
polarimetric Radio Imaging

Measurements of the plasma parameters of coronal mass ejections (CMEs), particularly the
magnetic field and non-thermal electron population entrained in the CME plasma, are crucial to
understand their propagation, evolution, and geo-effectiveness. Spectral modeling of
gyrosynchrotron (GS) emission from CME plasma has been regarded as one of the most
promising methods to estimate spatially resolved CME plasma parameters remotely. The very
low flux density of CME GS emission, however, makes this rather challenging. This challenge has
recently been overcome using the high dynamic range imaging capability of the Murchison
Widefield Array (MWA). Although the detection of GS is now possible routinely, the large number
of free parameters of the GS models and some degeneracies between the values of these
parameters make it hard to estimate all of them from the observed spectrum alone. These
degeneracies can be broken using polarimetric imaging. In this work, we demonstrate this using
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our newly developed capability of robust polarimetric imaging on the data from the MWA. Very
interestingly, we find that spectro-polarimetric imaging not only breaks the degeneracies but also
provides tighter constraints on a larger number of plasma parameters than possible with total
intensity spectroscopic imaging alone.

ASI2023 533 Binal Patel Oral

Sun and the Solar System

On the triggering of homologous blowout jets and the jet-flare-CME connections

We present a comprehensive multi-wavelength investigation of four homologous large-scale,
blowout-jet solar flares emanating from the fast-evolving part of an active region. The events
occurred during a period of = 16 hrs. All the jet-flare events led to not-so-wide coronal mass
ejections (angular widths = 95-1509), propagating in the LASCO coronagraphic images with
speeds ranging between = 300-500 km/s. Detailed imaging observations at various EUV filter-
grams in Atmospheric Imaging Assembly (AIA) onboard Solar Dynamics Observatory (SDO) reveal
that in all the cases, the source region of eruption lies at the boundary of the leading part of a
large AR 11515. The eruption originates from the footpoint of a large-scale loop system
connecting leading and trailing parts of the AR. In order to explore the cause of homologous
large-scale jets, we qualitatively and quantitatively study the process of flux emergence and
cancellation in the AR over a period of = 48 hours. We employ a non-linear-force-free-field
(NLFFF) model to show the magnetic field topology responsible for the jet eruption and related
topological features, such as magnetic flux ropes (MFRs), null points, quasi-separatrix layers
(QSLs), etc. Our analysis reveals the drastic and continued emergence of magnetic flux of
negative polarity at the leading boundary of AR caused successive interchange magnetic
reconnections between the newly formed magnetic loops and pre-existing large-scale loop
system. Being at the boundary of the AR, each blowout jet did not experience significant
constraining force by overlying field lines, which eventually resulted in CMEs. The study provides
important insights on the processes responsible for the continued build-up of magnetic free
energy in AR corona, large-scale restructuring of corona and repetitive triggering of space
weather events.

ASI2023 120 Debi Prasad Choudhary Oral

Sun and the Solar System

Association of Filament Eruption with Coronal Mass Ejection

We report characteristics of filament eruptions that did not produce coronal mass ejections
(CMEs). We examined 354 filament eruptions, each of which were located close to the disk center
in diffuse remnant magnetic fields of decayed or compact active regions. These events were well
observed in full-disk movies in He 304 and Fe XlII, HMI magnetographs and had good coronagraph
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coverage. Of the 354 eruptions, 232 events were associated with two ribbon flares. Out of the
232 eruptions with two ribbon flares 186 were accompanied with significant CME. The 122 events
that did not show two ribbon flares, 28 were accompanied by small CMEs. In most cases, the
CMEs with non-flare associated eruptions were enhanced streamers. Even though these
eruptions were indistinguishable in their magnetic setting, we study their origin by observing the
morphological flare properties in eruptive motion of the filament in the He 304 and Fe Xl movies.
From this result, we conclude that the non-CME- producing filament eruptions are confined
eruptions like the confined filament eruptions in active regions. We take the similarity of the
confined and eruptive quiescent filament eruptions with their active-region counterparts to favor
runaway tether-cutting reconnection for unleashing the magnetic explosion in all these
eruptions.

ASI2023 593 Divya Oberoi Oral

Sun and the Solar System

Augmenting Aditya-L1 Science with High Fidelity Radio Imaging

Solar radio imaging observations offer a wide variety of complementary information to what can
be gleaned. While this has been amply demonstrated, instrumental and algorithmic limitations
on the one hand, and the steep learning curve which needs to be negotiated in absence of
suitable analysis tools, have severely limited the use of radio imaging observations in the larger
community. Many new generation radio interferometers, especially the precursors for the
Square Kilometer Array (SKA), now provide data well matched to the needs of solar science. We
have developed algorithms and their robust implementations to build robust end-to-end
interferometric imaging pipelines which deliver state-of-the-art spectro-polarimetric snapshot
imaging. These pipelines have been designed with a non-specialist user in mind and we aspire to
make them public. At the low radio frequencies, where we have focused thus far, these
capabilities have been convincingly demonstrated in a large number of publications using data
from the Murchison Widefield Array (MWA) spanning the 80-300 MHz part of the band. The
dynamic range of these images and their polarisation purity is unprecedented. Here we highlight
the various different ways in which radio imaging observations can enrich and augment the
science being envisaged from Aditya-L1, scheduled for launch in 2023. Examples range from
coronal magnetography at a range of coronal heights; estimating magnetic fields entrained in the
coronal mass ejection (CME) plasma from a few to many tens of solar radii; exploring spatial-
temporal evolution of particle acceleration processes during active phenomenon and
understanding coronal turbulence via studying radio propagation effects. We will also briefly
touch upon our plans to extend our work to higher frequencies using the MeerKAT which offers
a frequency range from 580 MHz to 1670 MHz. Together these instruments allow us to probe the
solar corona from just above the transition region to high coronal heights.
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Instrumentation and Techniques

ZARTH to help catch ‘em young

Zwicky Transient Facility detects and announces in real-time over hundred thousand transients
and variables on every full night of observations. Multiple machine learning algorithms provide
different types of classifications of these objects. We have designed a game, ZARTH, short for ZTF
Augmentative Reality Transient Hunter, to bring a select set of nightly ZTF transients to the
masses. It will be a layer on top of the open Sky Map app, and allows players to catch a variety
of transients, somewhat like Pokemon Go, and compete with other players for best collections.
At the same time, the players are able to learn about the nature of the transients, and through
gamification aspects modeled after investments and returns also discover why astronomers
consider certain types of transients to be more valuable or rare. ZARTH could also be easily
adapted for STEM related activities in the classroom. We will describe and demo the game and
encourage members to join and spread the word.
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Instrumentation and Techniques

Searching for second-timescale radio transients with CHIME telescope

The Canadian Hydrogen Intensity Mapping Experiment (CHIME) is a transit radio telescope operating
across 400 - 800 MHz with a field of view of ~ 200 sq. degrees. The telescope has been regularly detecting
Fast Radio Bursts using the CHIME/FRB system. The sensitivity of CHIME/FRB reduces with larger pulse
widths due to the current design of its radio frequency interference (RFl) removal algorithms, making it
challenging to detect bursts with widths > 50 ms. Hence, slower duration transients are an as-yet
unexplored and open parameter space. Possible sources for such radio transients could include flaring
stars, compact binaries, radio counterparts of binary neutron star mergers or GRBs. Here we present our
transient search pipeline developed to detect slower duration radio transients (50 ms - 5 seconds) in the
CHIME data. The pipeline makes use of well-established softwares such as IQRM, PRESTO and FETCH for
RFI cleaning, single-pulse search and event classification respectively. The novel setup is designed from
inception to have a built-in system to inject simulated pulses (sampled across DM, fluence and pulse
width parameter space) in the real data and recover them using the pipeline. The statistics from the
injection system are used to optimise the detection efficiency of the RFI removal algorithm, measure the
false alarm rate, and measure the detection completeness of the pipeline. The pipeline will be deployed
to detect slow radio transients in the data gathered for the CHIME Slow Pulsar Search project.
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Instrumentation and Techniques

Slitless Spectrophotometry of Exoplanet Host Stars

The detection and characterisation of exoplanets has become an important area of astrophysics
in the past two decades, with current efforts mainly focused on exoplanet studies related to
atmospheric characterisation, global circulation, habitability and star-planet interaction. Most of
these observations require large telescopes, however recent studies have shown that 3-4m class
telescopes can also be used for exoplanet atmospheric characterisation. We were also successful
in obtaining transmission spectroscopy for a few selected bright targets with the 2m Himalayan
Chandra Telescope (HCT, refer to Unni et al., 2022) in the optical domain. In this work, we present
observations of exoplanet transmission spectrophotometry of hot Jupiter host stars with HCT.
We use both slitless grism spectroscopy and traditional slit spectroscopy to understand the
various systematic errors that may impact such observations. Primarily, we explore the
systematic error due to air mass, exposure time, atmospheric dispersion and instrument flexure
that may cause differential slit losses between the target and reference star. The selected targets
are bright and have suitable reference stars of similar spectral type and brightness to avoid major
systematic errors.

ASI2023_656 Kapil Kumar Oral

Instrumentation and Techniques

PARAS-2; Indigenous Development of High Resolution Spectrograph

We present here the design, development, optical alighnment, and calibration results of the PRL
second generation fiber-fed high-resolution spectrograph "PARAS-2,” which is commissioned
and attached with the 2.5m telescope at PRL observatory, Mount Abu, Rajasthan, India. It uses
the the white pupil design configuration with R4 Echelle grating as diffracting element and Grism
as a cross disperser. Post-commissioning data for the Uranium (Ur) calibration lamp shows the
resolution R 110000 in a single shot wavelength coverage of 380 nm to 690 nm. The spectrograph
is kept inside a temperature and pressure-controlled environment. The temperature is
maintained at 22.5+/-0.001 degree Celsius, and the pressure is maintained between 0.001-0.005
mbar. The peak efficiency of the spectrograph alone is 80 percent and 30 percent, including fiber
optics losses. Considering the telescope and atmospheric losses, the effective efficiency of the
spectrograph is 8-10 percent. The main science goals of this spectrograph is to discover and study
the exoplanets and possible bio-signatures around the fainter target stars of up to 12th
magnitude. With the initial calibration results, we claim the radial velocity accuracy of the order
of 50cm/sec for brighter sources and 1-2 m/sec for the fainter sources.
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Instrumentation and Techniques

Instrumentation for Solar System objects in the context of exoplanets

Since the discovery of the first exoplanet in 1995, the field of exoplanet studies has been rapidly
accelerating, with current efforts mainly focused on understanding spectral signatures of
exoplanet atmospheres, star-planet interactions, the interaction of the planet with their
satellites, and habitability. Our current understanding of exoplanets is severely limited due to
limitations of our instrumentation technology, atmospheric dispersion and the interstellar
medium. Currently, models play an essential role in bridging this knowledge gap. Models require
a lot of theoretical inputs like atomic data, molecular data, temperature, pressure, etc., of the
exoplanetary systems. In this context, the past decade has seen an extensive amount of work on
Sun-as-a-star studies (refer to Dumusque et al., 2021). Essential data from other Solar System
objects can be extrapolated to further our understanding of exoplanetary systems. In this work,
we are modifying the feed to the High-Resolution Echelle Spectrograph of the 2.3m Vainu Bappu
Telescope (VBT) such that we can feed the disc-integrated flux from the various Solar System
objects directly to the spectrograph. One of our major objectives is to create a high-resolution
template of the Solar System objects, including faint objects like Uranus and Neptune. The
center-to-limb variation of Jupiter can be modelled with much higher accuracy and can also be
extrapolated for gas giant exoplanets. Signatures obtained from the Galilean moons of Jupiter,
when they are observed together with Jupiter as an integrated source, can put a limit on the
detectability of exo-moons. We also expect to take continuous in-transit and out-transit spectra
to obtain the velocity signal in high-resolution.

ASI2023 556 Raghunathan Agaram Oral

Instrumentation and Techniques

Low Frequency Radio Telescope

The low frequency radio telescope is a new initiative undertaken by the Raman Research Institute
(RRI) for exploring the radio sky at low frequencies. Transient sky till date, has remained almost
unexplored and is expected to open up a new dimension of astronomical exploration. For
detecting transients routinely over large volume of space at frequencies below 300 MHz, there
does not seem to exist anywhere in the world an optimized setup with required sensitivity. In
this context, a radio telescope is being planned by RRI to be built to operate in the frequency
range of 30-360 MHz. It is expected to have i) a large instantaneous bandwidth of about 175 MHz
and wide field coverage of 2rt Sr. We describe in this talk, the design of a wide band radio receiver
system consisting of i) frequency independent broadband antennas ii) compact analog beam
former. iii) a high dynamic range front end receiver and iv) a 1024 channel precision
spectrometer, along with their performance characteristics. We also present the initial results
obtained on the sky after deploying the telescope in the field.
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General Relativity and Cosmology

Study of correlation between Tidal Deformability and Nuclear Matter Parameters

The neutron star (NS) interior properties are inaccessible to direct observations even with
sophisticated technology, owing to its extremely small size(~10 km) and enormous distance from
earth. However the observables such as mass, radius and tidal deformability can be theoretically
linked to the equation of state (EoS) of dense matter, and can be used to explore the interior
properties. The maximum mass of the NS idepends upon the stiffness of the EoS at densities
above 2 times saturation density, while the radius is dependent on the properties of nuclear
forces near the saturation density. In this work we are investigating the correlation between the
tidal deformability and the nuclear matter parameters(NMPs) to analyze the dependence of tidal
deformability on the EoS. We have observed the correlation between tidal deformability and
NMPs to be sensitive to the correlation among the NMPs themselves. The objective of the
investigation is to explore the effect of these correlations and to further constrain the EoS.
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General Relativity and Cosmology

Probing the Epoch of Reionization using uGMRT with deep field observations in Band-2

One of the main obstacles in low-frequency deep radio observations is to prominently eliminate
the foregrounds in detection of spin-flip transition of neutral hydrogen from Epoch of
Reionization (EoR) and Cosmic Dawn (CD). Foreground characterization is essential for efficient
removal of them. This paper uses UGMRT to study ELAIS-N1 deep field with significant
observation time of 24h at frequency 120 - 250 MHz with 120 MHz bandwidth. This work
performs image synthesis and reaches to the central background root mean square noise of ~
220 ?Jy/beam using upgraded GMRT for the first time. The resolution of the image is ~ 11.5
arcsec with a radio catalog of sources having flux density >10 ?Jy. We are discussing the flux scale
comparison and astronomical accuracy with other radio catalogs using cross-matching. As
galactic synchrotron radiation dominates the sky after removal of point source, we estimate the
statistical fluctuations in galactic diffuse synchrotron emission over a wideband of frequency
range 120 - 250 MHz using power spectrum estimators. This work demonstrates the improved
performance of uGMRT.
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General Relativity and Cosmology

A Neural Network Approach To Study The Speed Of Sound In Neutron Stars

The matter at Neutron star (NS) cores are at highly compressed state and due to gravity, the
density can be built up to a few times the nuclear saturation density. They are very compact and
have been observationally identified with pulsars with their mass being in the range from 0.7 - 3
solar masses and a radius between 10-15 km. They are therefore one of the best laboratories to
test the theory of strong interaction at high-density low temperature regimes. The information
about the structure of an NS can be given by their equation of states (EoSs). At high densities,
the first principle pQCD calculations are consistent and at lower densities field theory calculations
are consistent. The central density of the NS lies somewhere between these two densities and in
this regime the lattice QCD calculations fail. Hence, we need to resort to model-based or agnostic
approaches to construct EoSs. In this talk, | will present how we can effectively create several
new EoSs from the information on the speed of sound. Using the created EoSs, we create several
datasets to train our neural network. | will also talk about the neural network model using which
we can effectively predict a new EoS. Using these we study the variation in the speed of sound
inside the NS.
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General Relativity and Cosmology

How a non-detectable mode can provide a hint of modified gravity?

General Relativity predicts that the energy carried by gravitational waves is equally distributed

between the two orthogonal polarization states. kpiThis is confirmed by various detections by
LIGO-VIRGO-KAGRA. While the current detectors have a signal-to-noise ratio of around 5, the
third-generation detectors are expected to have a signal-to-noise ratio of more than 50 in the
ring-down phase. This will allow us to test General relativity more accurately. We show that, in
quadratic gravity, the massive spin-2 mode carries more energy than the spin-0 mode. We
demonstrate the implications of our results in two different scenarios — the gravitational wave
energy flux measured by the detectors and the backreaction of the emitted gravitational
radiation on the spacetime of the emitting black hole— and discuss their importance for future

gravitational wave detections.
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Plenary

Nature of galaxies : cosmic dawn to present

Galaxies are the building blocks of the Universe. How they form, how they reionize the Universe
and how they evolve subsequently are outstanding problems in astrophysics. This talk presents
an overview and our recent work on these problems. The formation of the first galaxies and their
role in reionization is hotly debated. The nature of star formation in first galaxies is a key to
understand the process of reionization. Traditional viewpoint based on an extrapolation of
luminosity functions has been that a major part of the photon budget required for reionization
was provided by the faintest galaxies yet undetected, however this is debatable. The scatter in
star formation rates at high redshift is as important as the smooth luminosity functions. Our
investigation shows that galaxies with a bursty star formation are relatively brighter and provide
the majority of ionizing photons required for reionization. This is confirmed now by the JWST and
is supported by observations of the escaping Lyman continuum from a few nearby starburst
galaxies, which are rare at low redshift but ubiquitous at high redshift. Further, we have
developed a model for the evolution of galaxies post-reionization. This model enables us to
reproduce galactic properties, such as star formation rates, stellar mass function, and mass-
metallicity relation, by building on an analogy with the evolution of main sequence stars that
obey virial equilibrium.
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Plenary

Multi-wavelength dust polarimetry and the role of magnetic fields

The magnetic fields contribute a significant amount of pressure—as much as turbulence does—
and more than thermal energy to the diffuse interstellar medium. These factors and gravity
collaborate in a complex way to govern the rate and efficiency of star formation. Stars form due
to the gravitational collapse of fragmented, dense cores that lie along the ridges of the molecular
cloud filaments. Investigating how each agent's contribution varies as a function of density and
spatial scale is crucial to fully understand magnetic fields' role. Thanks to the wide-field and
sensitive polarimeters, which enable us to shed light on this. In this presentation, I'll talk about
how to make a detailed map of a magnetic field, how to estimate the strength of a magnetic field,
and how to compare the importance of magnetic fields to that of turbulence, gravity, and stellar
feedback. | will talk about the results of the multi-wavelength polarization observations of a wide
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range of sources, such as low-mass star-forming filamentary clouds, massive dense cores in and
around bipolar Hll regions, massive clumps with energetic outflows, dark globules, etc. | will also
briefly discuss the HINSA Zeeman experiment with the FAST telescope and JCMT's BISTRO
project.

ASI2023 502 Archana Soam Invited

Plenary

Magnetic fields and dust grain alignment in different environments of Galactic star formation

Role of magnetic fields (B-fields) and turbulence in star formation is still under debate but
considering the magnetised nature of molecular clouds, we expect B-fields to have a significant
impact on this process. Observations of molecular clouds in different environments using
different astronomical techniques helps in understanding the various important aspects of star
formation. | mostly worked towards mapping B-fields in nearby low-mass star forming regions in
different environments viz. molecular clouds in isolation and HIl regions at their different
evolutionary stages using multi band polarization observations. This was done using optical, near-
IR, and sub-mm polarization observations to map B-fields from pc to sub-pc scales. In this talk, |
will briefly present my work on B-fields in various Galactic regions i.e. cores, filaments, and Hll
regions. We know that grain alignment is the key to understand interstellar dust polarization.
Therefore, | will mostly emphasise on my recently accomplished work on investigation of grain
alignment efficiency in PDRs using dust polarization measurements.
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ASI2023 796 Avinash Deshpande Invited

Plenary

The Indian Sky Watch Array Network (SWAN) : A strategic Initiative

The talk will aim to focus on a recent strategic initiative: the Indian Sky Watch Array Network
(SWAN), to be developed with active participation from students & faculty from 40-50 science &
technology institutes and universities in India. The key astronomy motivations would be
elaborated on, and the desired capabilities, as well as the challenges & opportunities ahead,
would be highlighted. The present status of the project, in its demonstration phase with a 8-
station VLBI setup, and the path forward in the immediate future, including certain observing
campaigns and a few key technical developments, will also be described.

ASI2023 683 Jayesh Goyal Invited

Plenary

Exoplanet Atmospheres and the Dawn of the JWST Era

The number of exoplanets that have been discovered has reached a staggering number of more than
5000. In this talk | will show the astonishing variety of exoplanets that have been discovered and the
possibility of different kinds of atmospheres these planets can have. | will discuss how we study exoplanet
atmospheres using the combination of observations from telescopes, planetary atmosphere models,
retrieval techniques and thereby characterise them. | will show what we have discovered in various
exoplanet atmospheres in the recent years using the Hubble Space Telescope (HST) and various ground-
based surveys, along with the challenges that we encounter while characterising exoplanet atmospheres.
James Webb Space Telescope (JWST) Transiting Exoplanet Early Release Science (ERS) program has given
us unprecedented observations of various exoplanet atmospheres across multiple JWST instruments,
with high precision and a large wavelength coverage spanning 0.5 to 5.6 microns. As a member of this
JWST ERS team since its inception, | will present how these observations were planned, targets selected
and their major goals. As part of the ERS program, transmission spectrum of WASP-39b, a hot Jupiter
exoplanet was obtained using NIRCam, NIRSpec and NIRISS, 3 of the 4 instruments onboard JWST. | will
show how we combined these observations with planetary atmosphere models to discover multiple
gaseous species with very high confidence in the atmosphere of this planet. | will discuss the constraints
on various chemical and physical properties as well as processes that we obtain. Finally, | will show where
we are heading in our quest to demystify these far away worlds and in our search for habitable planets
in our galaxy.

72




ASI2023_809 Joe Ninan Invited

Plenary

Evaporating Exoplanets

Since the first exoplanet discovery exactly 30 years ago, we have now discovered over 5000
exoplanets. While discovery of an exact Earth like planet around a Sun like star still eludes us, we
have made significant progress in characterizing and understanding the Zootopia of planets. In
this Plenary talk, | shall give an overview of where the community stands in search for Earth like
planets around Sun like stars, our attempts to understand various planets and their atmospheres.
Towards the end, | shall also talk about some recent exciting observational developments in
detecting evaporating Exoplanet atmospheres and their implications on understanding the
demographics and time evolution of exoplanets.

5" March 2023
Parallel Session - Stars, ISM and Galaxy IV
[Time: 12:00 - 13:00]

ASI2023 48 Sanjay Kudale Oral

Stars, ISM and Galaxy

In-field phasing for the GMRT array

For pulsar observations the signals from the individual antennas in an interferometric array are
usually combined together to synthesize a single dish. To maximize the sensitivity towards a
celestial source like pulsar, the antenna signals are added in phase (phased array). For a phased
array with N identical antennas, the signal to noise ratio (SNR) improves by a factor of N with
respect to single antenna. In conventional phased array like the one used in the GMRT, the
antenna based phases (ionospheric and instrumental) are derived from phase calibrator
observations interleaved with the target scans. This approach of using external field at regular
intervals for deriving antenna gains is not optimal, specially for the longer baselines and
introduces significant reduction in SNR along with adding observing overheads. In this talk we
will present a new approach of using in-field phasing with the upgraded GMRT (UGMRT), where
the antenna phases are determined in real-time using a model for the intensity distribution in
the target field. The antennas are kept in phase throughout the observation by applying antenna
based phase corrections derived from visibilities that are obtained in parallel with the phased
array beam data, and which are flagged and calibrated in real-time using a model for the
continuum emission in the target field. We are probing the scope of in-field phasing such that it
can give enhanced sensitivity for full GMRT array. We will highlight the methodology that has
been demonstrated using few pulsars and our findings from in-field phasing experiments during
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active ionospheric conditions. The time-domain sensitivity of the GMRT improves with the in-
field phasing (compared to conventional phasing) for any number of antennas added to form a
beam. The possible applications of in-field phasing in the study of pulsars with the GMRT will also
be discussed.

ASI2023 531 Kazim Sayeed Oral

Stars, ISM and Galaxy

Modelling Turbulence in Astrophysical Fluids

Turbulent flows are widespread in nature, appearing on length scales going from smoke
emanating from incense sticks to plasma in intergalactic medium, and play a critical role in
mixing, transport, and the creation of structures. In order to explain the structures observed, it
is evident that Turbulence needs to be maintained or forced and decaying turbulence doesn't
suffice our observations. Here, we integrate a module that induces turbulence into the PLUTO
code for Astrophysical gas dynamics, which is a piece of software that is available for free
distribution, has a structure that is both modular and adaptable, with highly scalable parallel
processing. Using it's hydrodynamic solver with Viscosity, Magnetic fields, Resistivity one can
simulate astrophysical environments and study the structures under supersonic turbulent
conditions. The nature of forcing can be controlled in terms of how compressive the stirring
mechanism is towards the gas. We have tested the forced turbulence module with different
resolution, under different Reynolds number, and under different types of forcing(from purely
rotational to purely compressive). We produce the normal velocity probability distribution
function(PDF), the lognormal PDF of density, and the energy spectrum of supersonic turbulence
which are in line with other simulations and the astrophysical environments of molecular clouds
and the ISM. We shall add magnetic fields to the simulation and using ideal MHD (Magneto
Hydro-Dynamics) see for the density structure alignments with the magnetic fields and velocity
flows to comment more on the part nature of turbulence plays in these environments.

ASI2023 639 Dipen Sahu Oral

Stars, ISM and Galaxy

Density Structure of Centrally Condensed Prestellar Cores from Multi-scale Observations

Starless cores represent the initial stage of evolution toward (proto)star formation, and a subset
of them, known as prestellar cores, with high density (\similar \e6 \cmq or higher) and being
centrally concentrated are expected to be embryos of (proto)stars. Determining the density
profile of prestellar cores, therefore provides an important opportunity to gauge the initial
conditions of star formation. In this work, we perform rigorous modeling to estimate the density
profiles of three nearly spherical prestellar cores among a sample of five highly dense cores
detected by our recent observations. We employed multi-scale observational data of the
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(sub)millimeter dust continuum emission including those obtained by SCUBA-2 on the JCMT with
a resolution of ~ 5600 au and by multiple ALMA observations with a resolution as high as ~ 480
au. We are able to consistently reproduce the observed multi-scale dust continuum images of
the cores with a simple prescribed density profile, which bears an inner region of flat density and
a \rsq profile toward the outer region. By utilizing the peak density and the size of the inner flat
region as a proxy for the dynamical stage of the cores, we find that the three modeled cores are
most likely unstable and prone to collapse. The sizes of the inner flat regions, as compact as ~
500 au, likely signify them being the most evolved prestellar cores known to date.

ASI2023 624 Nayana A.J. Oral

Stars, ISM and Galaxy

Shock-driven synchrotron emission from the 2021 outburst of RS Ophiuchi

We present low-frequency radio observations of the 2021 outburst of the Galactic symbiotic
recurrent nova, RS Ophiuchi. Our observations spant ~ 25-287 days post outburst at frequencies
0.15 to 1.4 GHz. Our study reports the first lowest frequency (0.15 GHz) radio detection of a
recurrent nova. The near-simultaneous spectral indices are alpha ~ -0.8 (F_nu \propto nu”?alpha),
indicating a non-thermal origin of radio emission in the observed frequencies. Radio light curves
are well represented by a shock-driven synchrotron emission initially suppressed by fore-ground
absorption due to an ionized clumpy circumburst medium. We estimate the mass-loss rate of the
red giant secondary to be ~ 3.2 X 107-6 Msun/year for a stellar wind velocity of 20 km/s. The
detection at 0.15 GHz in 2021, while there was no detection at this frequency during previous
outbursts (1985 and 2006) indicates lower foreground absorption in the line of sight during the
2021 outburst.

ASI2023 169 Archita Rai Oral

Stars, ISM and Galaxy

Polarisation study of dark molecular clouds

Dark nebulae, such as the ones described by Lynds (1962), have been relatively unexplored in the
optical due to the large extinction towards these regions. Lynds cataloged these dark nebulae
into 6 opacity classes on the basis of their visual appearance in the National Geographic-Palomar
Observatory Sky Survey images. Polarimetry is a good way to probe magnetic field structures
(Davis & Greenstein, 1951) in dark clouds. Polarimetric observations of the stars in the line of
sight through the dark nebulae/molecular cloud would help to probe the magnetic field structure
in the cloud and along the line of sight (Lazarian, 2007). Studies of the dark globule using optical
polarimetry and infrared photometry help us to understand the extinction and magnetic field
properties of the region. Infrared polarimetry would be even more appropriate in regions of high
extinction. Thereby, more stars can be detected and the phenomena like polarisation and
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extinction which depend upon the distribution of the interstellar dust and the interstellar
magnetic field can be studied in detail. The presentation will describe the star-forming molecular
clouds and the different observational studies which help to decipher their properties and the
properties of interstellar dust.

ASI2023 908 Rwitika Chatterjee Oral

Stars, ISM and Galaxy

Science from X-ray Spectroscopy and Timing (XSPECT) onboard XPoSat

XSPECT is an X-ray Spectrometer and Timing experiment payload on the XpoSat mission to be
launched in the immediate future. XPoSat also carries an X-ray Polarimeter POLIX. XSPECT has
both fast timing (~1 msec) and good spectroscopy (<200 eV at 6 keV) capabilty to carry out
spectro-temporal studies of X-ray sources in the soft X-ray energy (0.8 — 12 keV). Long term
spectro-temporal studies along with polarimetry could play a crucial role in understanding the
emission mechanisms and accretion geometry around compact objects. Therefore, XSPECT
together with POLIX will provide an excellent platform to probe strong gravity effects around
compact objects, which is first of its kind and will bring out niche science results. Few key science
cases that XSPECT aims to address are: (i) Long-term Spectro-temporal observations of Black Hole
Binaries at best possible time cadence of about few hours (ii) measuring the spin and mass of the
blackholes through continuum observations for bright sources like Cyg X-1, other transient
sources during an outburst etc., (iii) iron line studies and evolution of iron line profile over days
for bright transient sources (iv) evolution of X-ray spectrum NS-LMXBs, nature of soft thermal
component etc. Specific science cases for select sources with simulation results considering the
sensitivity limits and response of XSPECT instrument will be discussed in this presentation.

ASI2023 692 Deepthi S. Prabhu Oral

Stars, ISM and Galaxy

Far-ultraviolet investigation of the nearby globular cluster NGC 6397 using AstroSat/UVIT

Globular clusters (GCs) host several ultraviolet-bright stellar populations in various phases of
stellar evolution, such as horizontal branch, post-horizontal branch, non-canonical blue straggler,
white dwarf, and so on. These also include exotic objects such as cataclysmic variables, low-mass
X-ray binaries, and other close binaries. GCs are the only stellar systems that are able to undergo
nearly all the stellar dynamical processes over a time scale significantly shorter than the Hubble
time. It is hence important to investigate such UV-bright sources in GCs to throw light on several
topics, such as the late stages of low-mass stars’ evolution, stellar dynamics and its interplay with
stellar evolution, cluster evolution, etc. In this talk, | will discuss how we used the excellent
capabilities of AstroSat/UVIT, combining it with other datasets from HST, Gaia, and ground-based
telescopes to carry out the census of exotic UV-bright members of the nearby, core collapsed GC,
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NGC 6397. The main UV-emitting sources in the cluster are found to be blue HB stars, BSSs, WDs,
and a few gap objects (lying between the BS and WD sequences), including CVs. The cluster is
found to lack EHB, BHk, and pHB populations. | will present an extensive discussion on the
physical properties and the evolutionary status of the detected FUV sources.

5" March 2023
Parallel Session - Extragalactic Astronomy IV
[Time: 12:00 - 13:00]

ASI2023 665 Shrabani Kumar Oral

Extragalactic Astronomy

Ultraviolet Grating Spectroscopy of AGN using AstroSat/UVIT

We perform far ultra-violet grating spectroscopy of eight Seyfert 1-1.5 active galactic nuclei
(AGN) using AstroSat/UVIT slitless grating observations and study the accretion discs in these
AGN. We derive intrinsic continuum disc emission after correcting the observed spectra for the
Galactic and intrinsic extinctions and possible contributions from host galaxy emission, Fell
complex and emissions from broad and narrow line regions. We generally find a redder
continuum slope than that predicted by the Standard disc model. To further understand the
nature of discs, we used three accretion disc models - the multi-color disc blackbody (DISKBB),
intrinsic Comptonised disc (OPTXAGNF) and fully relativistic disc (ZKERRBB). The observed inner
disc temperatures derived using the DISKBB model lie in the range of ~ 31 - 3.6 eV, which
decreases with increasing black hole mass. For a standard non-rotating disk, these temperatures
are lower than that predicted. The intrinsic disc Comptonised model OPTXAGNF provided the
Eddington luminosity ratios in the range of 0.003-69. The inner disc radius for most of the AGN
could not be constrained and indicated a possibility of truncation of the disc above ISCO for some
of the AGN. We could not constrain the parameters (accretion rate, inclination angle) in ZKERRBB.
These results indicate that other emission components such as the soft X-ray excess and/or the
broadband X-ray power law could be contributing to the UV emission. We are in the process of
multi-wavelength UVIT+SXT+LAXPC spectral modeling of these AGN.

ASI2023 188 Tathagata Saha Oral

Extragalactic Astronomy

Multiwavelength follow-up studies of eROSITA detected AGN transients

Active galactic nuclei (AGNs) accrete persistently over a long timescale (105-106 years). During
its lifetime, an AGN exhibits stochastic variability up to a few percent. However, there are sources
where variability of orders of magnitude (>~10) accompanied by a Seyfert type change has been
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observed. Extreme variability is often associated with either a change in accretion structure (a
changing state event) or due to occultation by a cloud from the torus or the BLR (a changing
obscuration event). In most cases, detection of such extremely variable AGN transients have
been serendipitous. But with the advent of eROSITA the search for extreme transients has
become more systematic. The eROSITA X-ray telescope aboard Spectrum X/Gamma is conducting
all-sky scans every six months. Using these scans, we detect extreme extragalactic AGN transients
as they are happening. Subsequently, we trigger multiple follow-up X-ray observations using
XMM-Newton, Swift, NICER, SALT and optical spectroscopic and photometric follow-up
observations, to carry out extensive long term monitoring. Here, we present a few candidate
ignition and shutdown events detected with eROSITA and followed up by our multiwavelength
observation campaigns. In these sources, we track the changes in emission from various AGN
substructures like the accretion disk, corona, broad line region and the torus in real time as they
respond to significant changes in the accretion flow or torus eclipse events. Our research thus
helps discern the various modes of accretion onto supermassive black holes, the properties of
the broad line emitter and in general, the morphology of the circumnuclear gas.

ASI2023_749 Mousumi Das Oral

Extragalactic Astronomy

Signatures of star formation triggered by gas accretion in nearby galaxies

Gas accretion is an important process for the growth of galaxy disks. But it is difficult to detect
with certainty. However, gas accretion my trigger star formation in the outer disks of galaxies.
The star formation in the extended UV disks of galaxies is a good example. The star formation
maybe triggered by gas accretion or instabilities in the gas built up in the outer disk via accretion.
In this study we present UVIT observations of accretion driven star formation in nearby galaxies.
We have targeted galaxies that have extended HI disks, and those that show abnormal HI gas
velocities that could be due to accreted gas. We have detected such star formation in the outer
star forming rings rings of NGC2841 and gas filaments associated with NGC2403. We present
these early results and compare our study with theoretical models of gas accretion.

ASI2023 666 Ujjwal Krishnan Oral

Extragalactic Astronomy

Can galaxies evolve without interaction? New insights into the secular evolution of galaxies

In the local Universe, the evolution of the galaxies is majorly affected by secular effects. Star-
formation properties of a galaxy can be used to trace the evolution of the galaxy. Since the UV
fluxis a direct indicator of the star formation in galaxies, the UltraViolet Imaging Telescope (UVIT)
onboard AstroSat enables us to characterise the star-forming knots in the galaxy (within angular
scales < 1.5"). Isolated galaxies are the best template to unravel the effects of disk instabilities in
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the secular evolution of the galaxies. In this study, we intend to understand the secular evolution
of two isolated disk galaxies in the local Universe, NGC 628 and NGC 2903, using high-resolution
UVIT images. The morphological similarity of the sample galaxies with the Milky Way provides an
excellent opportunity to decipher the factors contributing to the evolution of our galaxy. UVIT
images are used to identify and characterise the star forming regions in NGC 628 and NGC 2903.
The star-formation properties of the spiral arms are studied using the estimated parameters and
are correlated with the spiral arm formation scenarios. In the case of NGC 2903, it is found that
the star-formation properties of the galaxy are affected by the presence of the bar. On the other
hand, spiral arms play a significant role in the evolution of NGC 628.

ASI2023 177 Savithri H. Ezhikode Oral

Extragalactic Astronomy

A multi-wavelength investigation of the NLS1 galaxy Mrk 110

Active galactic nuclei (AGN) are extremely luminous objects showing variable emissions at all
observed wavelengths. We study the nearby (z=0.035291) narrow-line Seyfert 1 (NLS1) galaxy
Mrk 110, which is highly variable in the optical/UV bands. The source has been monitored with
XMM-Newton, AstroSat, and NuSTAR since 2004. Using these long-term multi-wavelength
observations, we probe the evolution of accretion disc and corona components in the source by
investigating the spectral and temporal variability of the optical, UV, and X-ray emissions. From
AstroSat observations, we find UV and hard X-ray (2-10 keV) flux variability in the source over
time scales of weeks. The spectral analysis of the NuSTAR data clearly shows the presence of
relativistic X-ray reflection in Mrk 110 in the hard X-ray band. In the soft X-ray regime, evidence
of excess emission, known as the "soft X-ray excess", has been observed at all epochs of XMM-
Newton and AstroSat observations. We investigate the origin and variability of soft excess in the
source by modelling the multi-epoch broadband X-ray spectra with double Comptonisation and
reflection models. The optical to X-ray SED analysis helps us understand the disc-corona
geometry and the truncation accretion disc, which provides more insights into a potential
changing-look scenario related to the accretion rate fluctuations.
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Sun and the Solar System

New insights into the origin of long-lived solar gamma-ray emission

Sustained gamma ray emission (SGRE) from the Sun were discovered by the Gamma Ray
Spectrometer on board the Solar Maximum Mission by Forrest et al. (1985). SGRE often peaks
well after the end of the impulsive phase of the associated flare and can last up to a day. There
has been intense debate over how the SGRE-causing >300 MeV particles are accelerated: by flare
reconnection or MHD shocks driven by coronal mass ejections (CMEs). The Fermi Large Area
Telescope (Fermi/LAT) has detected dozens of SGRE events since 2011 compared to only a
handful of events in the pre-Fermi era. Examination of the underlying CMEs reveals that the CMEs
have very high speeds (average ~2000 km/s) and very wide (halo CMEs), similar to CMEs causing
ground level enhancement (GLE) events. The SGRE duration also matched that of interplanetary
type Il radio bursts suggesting that the same shock accelerates electrons to produce type Il bursts
and protons to produce SGRE. The close SGRE - fast halo association supports the shock paradigm
for SGRE. The close association prompts the question: are all fast halos associated with SGRE
events? To answer this, we investigated the SGRE association of 22 ultrafast halo CMEs selected
with the criterion that the CME sky-plane speed >1800 km/s as observed by the Solar and
Heliospheric Observatory (SOHO). All the halos are associated with large SEP events and IP type
Il bursts. The average speed of the 22 CMEs is ~2100 km/s, indicating that these CMEs are capable
of accelerating >300 MeV particles. We find that all frontside halos are associated with SGRE,
strongly supporting the shock paradigm. Even among the 9 backside events, 2 were associated
with SGRE, further indicating CME shock as the source of the energetic particles.

ASI2023 654 Aravind K Oral

Sun and the Solar System

The peculiar Comet C/2019 L3 observed through Indian and Belgian telescope facilities

Comets are the primordial remenants of our Solar system. They contain the pristine volatile
materials that were present in the proto-Solar nebula. Compared to short-period comets, the
long-period comets would have made only very few or no passages into the inner Solar system.
Hence, they present a better opportunity to analyse the pristine materials as they would have
undergone minimal internal and external evolution. Meanwhile, long-term observation of these
comets is essential to understand their activity better as these bodies cross perihelion. There is
an ongoing long-term observational analysis, using both long slit spectroscopy and narrow band

80




imaging, of a long-period comet, C/2019 L3 (ATLAS), using the HFOSC instrument on the 2 m HCT
as well as the TRAPPIST - NORTH/SOUTH telescopes respectively, as part of the INDO-BELGIAN
collaboration. Comet C/2019 L3 is a hyperbolic comet which had perihelion on 2022-Jan-09 at a
distance of 3.55 AU. Despite its sizeable heliocentric distance at perihelion compared to other
comets, C/2019 L3 was very active, dominated by dust activity. This peculiar comet was observed
starting in November 2021 and is still being observed from both facilities based on availability as
we prepare this document. For a comet with an unusually large perihelion distance to be still
active at a distance of 4.55 AU is surprising. This work will present the long-term activity observed
in the comet based on the data obtained from both Indian and Belgian telescopes. It will also
emphasise the advantage of combining spectroscopic and narrow-band imaging studies in the
field of cometary science.

ASI2023_308 DIBYA KIRTI MISHRA Oral

Sun and the Solar System

Variation in the Chromospheric Differential Rotation over the century

The Sun rotates differentially from the equator towards the pole as it is not a rigid body. In the
past, many studies have been done based on the rotation profile of the Sun for the photosphere
using different techniques and the photospheric differential rotation is now quite well
established. The differential rotation property was studied individually and compared with the
photospheric values in the chromosphere and solar corona. However, they also give
contradictory results for different data sources and methods. Due to a lack of detailed study on
the chromosphere, its dynamics still need to be understood. The beneficial aspect of this project
is the incorporation of a century-long KoSO Ca Il K data (1907-2007) which helps us study the
rotation profile in the chromosphere in different phases of solar cycles. We have applied the
image correlation technique on the entire ~ 100-year data for this purpose by taking sets of two
consecutive day images. From the analysis, we found that the chromosphere rotates 1.52% faster
than the photosphere but also rotates less differentially by comparing our result with previously
obtained photospheric values. We also applied our method to MDI white light data and other Ca
Il K data sources (Meudon and PSPT/Rome) to validate both method and data. Also, we
investigated the solar cycle dependency of differential rotation parameters and the north-south
asymmetry of the solar rotation profile.
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Instrumentation and Techniques

Crab nebula observations using MACE telescope

MACE (Major Atmospheric Cherenkov Experiment), an imaging atmospheric Cherenkov
telescope (IACT) has been commisioned by the HiGRO collaboration at Hanle (altitude 4270m asl)
in Ladakh region of North India. The telescope deploys 21m diameter tesselated light collector
and has the distinction of being the second largest IACT in the northern hemisphere of the world.
The telescope observes VHE gamma-rays from various astrophysical sources in wide energy band
of 20 GeV — 5 TeV with high sensitivity. The Crab nebula has been known to be a steady VHE
gamma-ray source and is used as a standard candle to calibrate the performance of an IACT. In
this presentation, we report the VHE gamma rays observations from the Crab nebula, using the
MACE telescope using the data collected during April 2021 to October 2022.

ASI2023_18 Prasanna Deshmukh Oral

Instrumentation and Techniques

Functionality Testing of Thirty Meter Telescope Segment Support Assemblies

India’s in-kind contribution to the TMT project includes Segment polishing (84), Segment Support
Assemblies (580), Actuators (1535), Edge Sensors (3284), Software development for the
observatory, and design and development of science instruments. TMTs Primary Mirror (M1) is
composed of 492 hexagonal aspheric segments. To compensate for residual polishing errors,
installation errors, gravity effects, and parasitic forces in the whiffletree support, each segment
is equipped Segment Support assembly (SSA) comprising of 21 Warping Harness (WH)
mechanisms, which allow low-order corrections to the optical surface. Presently TMT SSAs are
being manufactured and assembled at L&T, Coimbatore. Each TMT SSA consists of around 500
individual components that are put together using a rigorous assembly procedure to ensure
desired functionality and performance. To ensure the functionality aspect of SSA after assembly,
we have devised a test procedure and implemented it using the SSA Test controller developed
by TMT and S&T Netherland. Tests include - Health Check of WH actuators and Leaf Spring, Leaf
spring offsets, dead band width, WH operational stroke, stroke-strain relationship, hysteresis,
and noise measurement. In this paper, we will describe different tests performed, test equipment
used, and test results of the first two ITCC SSAs assembled at L&T, Coimbatore.
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Instrumentation and Techniques

Manufacture and Assembly of Segment Support Assemblies for Primary Mirror Segments of
Thirty Meter Telescope in India

India as a member partner of the consortium of countries like the USA, Canada, Japan & China,
is involved in the development of a Thirty Meter Telescope (TMT) and is responsible for the
realization of certain very important subassemblies for TMT apart from the cash contribution.
India’s in-kind contribution to the TMT project includes Primary Mirror Segment polishing (84),
Manufacture and Assembly of Segment Support Assemblies (580), Actuators (1535), Edge
Sensors (3284), Software development for the observatory and design and development of
science instruments. This paper describes the different aspects and challenges of realizing
Segment Support Assembly (SSA), which supports the Primary mirror segments. The SSA is a
flexures-based whiffle tree mechanism that can support the Mirror segment and correct the tip-
tilt and aspherical aberrations caused due to various environmental conditions including gravity
effects. TMT Primary Mirror (M1) is composed of 492 hexagonal aspheric segments equipped
with Segment Support assembly (SSA), Each TMT SSA consists of around 500 individual precision
components of tolerance as low as 5 micrometers, and Component size ranges from 4.5 mm to
1200mm manufactured using various grades and tempers of Aluminium, Stainless Steel, Copper,
Aluminium Nickel bronze, Manganese Bronze, Invar, Brass, Titanium, etc. Manufacturing
included precision machining, and TIG welding, along with special secondary processes such as
Anodization, Gold Chemical Conversion, passivation, Dicronite coating, and BR127 application.
All the manufactured parts were thoroughly inspected by the Vendor and ITCC, identified (India
TMT Co-ordination Center) Third Party Inspectors. After manufacturing and Inspection, these
parts are assembled using a meticulously worked-out assembly procedure to ensure desired
functionality and performance.

ASI2023 750 Sunil Chandra Oral

Instrumentation and Techniques

Robotic Telescopes, Intelligent Observatories: Technological Innovation for small sized optical
telescopes

The advancement in power-optimized control systems, computation capabilities and minimizing
algorithms for solving complex equations, etc., have brought the concept of an intelligent
observatory to reality. The intelligence of an observatory is a strong function of local needs and
resources. The Las Cumbres Observatory (LCO), which runs a network of 25 telescopes hosted at
7 different sites around the globe as a single instrument, is one example of a multi-node,
completely robotic observing facility. Photometric surveys such as the Zwicky Transient Factory
(ZTF) and Legacy Survey of Space and Time (LSST) are expected to discover many optical
transients in the northern and southern skies. Characterizing all of those becomes a big challenge
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for the astronomical community. Small sized telescopes attached with modern control softwares,
optimisation algorithms, pipelines and decision making protocols can play a pivotal role in
discovering new breeds of sources and also to participate in multi-messenger driven
astronomical investigations. Robotic observing not only ease the observing but also optimise the
telescope times. SAAOQ's intelligent observatory programme, with its ambitious plans of
combining optical and radio observing facilities in the long-term, has advanced to upgrade
several existing optical telescopes at Sutherland to semi-or near autonomous operating modes.
The said project is fuelled mostly by the official partnership with LSST to utilise the small sized
telescopes at Sutherland and in other parts of Africa for transient followup program for LSST
triggers. | have been contributing to the autonomous alert translation, modernisation of
observing request submission, scheduling, data pipelines, data distribution system, and archives,
all connected to a virtual central brain, which will enable the SAAO with AEON compliance. | will
brief the current status of SAAQ's intelligent observatory programs and innovative approaches
applicable for small sized optical telescopes.

5" March 2023
Parallel Session - General Relativity and Cosmology IV
[Time: 12:00 - 13:00]

ASI2023 315 Junaid Yousuf Oral

General Relativity and Cosmology

How the uncertanties affect the detection of Stochastic Gravitational Wave background in the
advanced LIGO.

A stochastic gravitational wave or also known as stochastic gravitational wave background
(SGWB) is formed by a very large no of weak, independent, and unresolved sources. There are
always some uncertainties in scientific experiments. No matter how precise we are in carrying
out the experiments there will always be some sort of uncertainties. Due to these uncertainties,
there will always be some limitations in drawing inferences from the results. We have worked to
see the effects of Calibration uncertainties on the detection of stochastic gravitational wave
background. We have identified the parameters of the calibration model, which can contribute
to the uncertainty while detecting a stochastic gravitational wave signal. The effects due to the
uncertainty in these parameters have been calculated on the detection of different types of
SGWSB signals. Our work mainly is on the SNR and the parameter estimation of the SGWB signals.
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ASI2023_673 Anshuman Tripathi Oral

General Relativity and Cosmology

Extracting the 21cm Power Spectrum using Artificial Neural Networks

The Epochs of Reionization and Cosmic Dawn are two crucial epochs in the structure formation of the
Universe's first billion years. Detection of redshifted HI 21-cm signal is one of the key scientific goals of
the ongoing/upcoming radio telescopes like EDGES, SARAS, MWA, SKA, and a potential probe for
exploring these epochs. The HI 21cm signal can be measured using an interferometer or by averaging
across the whole sky using a single radio telescope. However, these experiments suffer from systematics
and are heavily dependent on the accuracy of foreground removal. Therefore, it is essential to
understand the significance of each contaminating component when using non-parametric methods to
detect the signal, such as machine learning or Bayesian statistics. Our study uses Artificial Neural
Networks (ANNs) to separate the HI power spectrum and associated parameters from the given total
observed sky power spectrum, which contains the HI signal, real observed foreground, and systematics.
This trained model can assist us in producing better findings from ground-based data for the upcoming
radio interferometric experiments like SKA, MWA, and HERA. Our initial findings demonstrate a
substantial accuracy in retrieving the signal and their parameters from Cosmic Dawn (CD) and Epoch of
Reionization (EoR) utilizing the mock data sets of the signals that include the real observed foreground.
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ASI2023 328 Aayushi Verma Poster

Stars, ISM and Galaxy

Photometric Study of the Open Cluster Kronberger 55

We present our study of Kronberger 55, an open cluster located in our galaxy, to un- derstand
star formation activities. We used optical and near-infrared (NIR) photometric observations from
1.3m Devasthal Fast Optical Telescope (DFOT) and near-infrared photo- metric observations from
TANSPEC mounted at 3.6m Devasthal Optical Telescope (DOT) respectively. We have used
multiwavelength archival data as well. The age, distance and extinction of this cluster are
evaluated to be <5 Myr, ~3.5 kpcand E(B -V ) ~1.0 mag respectively. The identification of Young
Stellar Objects (YSOs) is done on the basis of ex- cess infrared (IR) emission. The inspection of
mid-infrared images gives information of the presence of extended dust, gas emission and
outflow activities: one peak is found at the loca- tion of Kronberger 55 and another 5'.35
southwards to it. The radio continuum emission is associated with this southern peak. The
presence of two clumps with a filamentary structure is further confirmed by the Herschel sub-
millimeter images. Hence this region is promising candidate of end-dominated collapse.

ASI2023 577 Abhishek Prabhakar Poster

Stars, ISM and Galaxy

Variations in Diffuse FUV Background

All-sky dust maps find several uses, from dereddening photometric data to modeling dust
scattered radiation. Existing 2D maps and 3D maps continue to help us understand dust
structures in our galaxy. However, GALEX has covered ~75% of the UV sky from its FUV (1539A)
and NUV (2316A) photometric bands at high resolution, which allows us to extract dust
information at scales less than 6’/pixel. In this work, we study the variations in diffuse
background map constructed from co-adding diffuse background data from multiple GALEX
visits. Our preliminary analysis suggests that there is no detector noise in the diffuse map, hence
we focus on (i) spatial variation and (ii) temporal variation, at NGP in the GALEX FUV band.

ASI2023_101 Akant Vats Poster

Stars, ISM and Galaxy

N- and CN-containing PAHs in interstellar environments: Rotational spectra

Since the discovery of benzonitrile (C6H5CN), 1- and 2-cyanonaphthalene (C10H7CN) in the cold,
dark molecular cloud TMC-1, the search for other N- and CN-containing polycyclic aromatic
hydrocarbon (PAH) molecules have gained importance. The present work investigates the pure
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rotational spectra of two astronomically-relevant PAHs; pyrene (C16H10) and coronene
(C24H12) in N- and CN-substituted PAH forms (C15H9N, C16H9CN, C23H11N and C24H11CN) in
the frequency range of 8 to 33 GHz. Density Functional Theory with anharmonic vibrational
frequency calculations has been employed for calculating the spectroscopic parameters and
simulating the rotational spectra. The accuracy of the computational methods adopted in this
work has been verified before applying them to the chosen molecules. Results found CN-PAHs
the more suitable candidates to be detected in the interstellar medium due to their larger
permanent dipole moment. It is observed that pyrene shows a smaller partition function that
makes CN-pyrene a strong candidate to be discovered in cold, dark molecular clouds such as the
TMC-1. The present work sets a benchmark for theoretical rotational spectra of N- and CN-
containing PAHs and may act as a guide for laboratory experiments and observational searches.

ASI2023_117 Akshat Chaturvedi Poster

Stars, ISM and Galaxy

Radio Pulsar Glitches : More than one trigger?

Neutron stars, observable as radio pulsars, are known for their very stable rotation and small
spin-down rates. A glitch is a timing irregularity of radio pulsars marked by a sudden increase in
the spin-frequency, often followed by a relaxation towards the unperturbed frequency. This is
thought to be caused by sudden and irregular transfer of angular momentum to the slowly
rotating solid crust by the superfluid component, or as a result of crust quakes. Till now, a total
of 666 glitches have been observed in 208 radio pulsars. In an earlier work (with less than half
the number of glitches) we found an indication of bimodality in glitch magnitudes. Using a
Gaussian Mixture Model (GMM) analysis, we find the current data to bear this trend out. It is
clearly bimodal with a strong statistical significance. To understand the nature of the underlying
cause behind this bimodality, we consider the correlation of the glitch magnitude with the
before-time (time since the previous glitch) and the after-time (time to the next glitch). To do
this, 491 glitches are chosen from 94 glitching pulsars. Each of these 94 pulsars exhibits multiple
glitch episodes providing inter-glitch intervals between consecutive glitches. These 491 glitches
are then separated into two sets corresponding to the two Gaussians obtained using GMM
analysis (with appropriately chosen confidence intervals). As expected, the correlations for the
before-time and the after-time are not similar. However, the most significant finding is that the
nature of the correlations appears to be completely different for the two sets of glitches
belonging to different Gaussians. Considering the internal structure of neutron stars, we find that
this difference is likely to be an indication of the fact that the glitches are indeed being caused
by two different physical mechanisms.
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ASI2023_732 Ambreesh Khurana Poster

Stars, ISM and Galaxy

Finding the parents of today's globular clusters

High density, old age, and large stellar numbers make Globular clusters (GCs) efficient factories
for a plethora of stellar exotica including compact object binaries, millisecond pulsars, SN1a, and
blue stragglers. Host to some of the oldest stars, GCs provide constraints to the star formation
history and even the host galaxy's assembly. However, what could have been GC progenitors still
remains uncertain. In our study, we explore the possibility that the progenitors of the Milky Way
(MW) GCs may have had properties, except for metallicity, very similar to those of the massive
young star clusters (YSCs) observed today in starburst galaxies. Our numerical simulations show
that star clusters with an initial distribution of masses and sizes similar to the YSCs after 10-12
Gyr of evolution do reproduce the distribution of properties similar to the observed GCs in the
MW. In addition to the distribution of the bulk properties of star clusters, this finding also have
implications on the production rate of various stellar exotica including the merger rate of binary
black holes detectable by the LIGO-Virgo-Kagra detectors.

ASI2023_90 Amit Pathak Poster

Stars, ISM and Galaxy

Interstellar Aromatics: identification using spectroscopy

Single or fused Benzene rings constitute aromatics that are highly stable due to the presence of
delocalized electrons. These molecules are ubiquitous in terrestrial environments and are formed
by the burning of hydrocarbons (viz. vehicle exhausts, smokes, etc.). We focus on aromatics,
specifically Polycycylic Aromatic Hydrocarbon (PAH) molecules that are expected to be present
in interstellar space and are inherently involved with the chemistry of the local environment. The
presence of PAH molecules is known by the observation of strong emission features at 3.3, 6.2,
7.7, 8.6 and 11.2 um in the Milky Way and in external galaxies. Confirmation of the presence of
fullerene cation in the interstellar medium (ISM) strongly supports the presence of PAHs. In the
harsh interstellar conditions, PAHs experience physical and chemical processing that brings
changes in the molecule. lonization, dehydrogenation, etc. produce significant spectral
signatures that are being diagnosed spectroscopically. We have been studying variants of PAHs,
viz., deuterated, dehydrogenated and also with addition of aliphatic side groups. Density
functional theory (DFT) has been used to calculate the theoretical vibrational spectra of PAHs.
The spectra obtained matches well with available experimental spectra and provides important
clues to the form of PAHs present in the ISM. We also present rotational spectra of nitrogen
containing PAHs that may help in detection of these PAHs. References 1. Tielens A.G.G.M., 2008,
ARA&A, 46, 289 2. Campbell et al., 2015, Nature, 523, 322 3. Buragohain et al., 2015, MNRAS,
454,193 4. Buragohain et al., 2018, MNRAS, 474, 4594 5. Buragohain et al., 2020, ApJ, 892, 11 6.
McGuire et al., 2021, Science, 371, 1265
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ASI2023_491 ANAGHAAG Poster

Stars, ISM and Galaxy

Dynamical modelling of the purely gaseous bar in dwarf irregular galaxies

About 30 % of galactic discs exhibit a non-axisymmetric central mass component called the bar.
The quadrupole moment associated with the gravitational potential of the bar component helps
in angular momentum transport and hence in the secular evolution of galaxies. The stellar
dynamics in the galactic bar is highly non-linear with the orbits either regular or chaotic, and
hence it is challenging to study bar dynamics analytically. Most of the barred galaxies host a
stellar bar, with or without a gaseous component. However, there are a few gas-rich and dark
matter dominated dwarf galaxies which host purely gaseous bars, i.e., galaxies without a stellar
bar component. However their occurrence is rare, and only three such galaxies have been
reported in the literature: NGC 2915, NGC 3741 and DDO 168. Interestingly, if a non-axisymmetric
instability is triggered in a gas component, it may soon be ripped off by shock waves, and
therefore, it is a mystery as to how some dwarf irregular galaxies have sustained a purely gaseous
bar. Besides, the physical mechanism stabilising the stellar disk against bar formation in such
galaxies remains unknown. Using N-body + hydro-dynamical simulations, we study the formation
of the purely gaseous bar in the dwarf irregular galaxies NGC3741 and NGC2915. Our dynamical
model consists of a stellar disk, a gas disk and a high-spin triaxial dark matter halo. The initial
condition for the galaxies is generated using DICE (Disk Initial Condition Environment) software
as constrained by the mass models already available in the literature, as was constructed using
stellar photometry and HI 21cm radio-synthesis observations. Our results show that the in the
presence of a high spin oblate dark matter halo, the disc indeed develops a gaseous bar and spiral
arm without a stellar component, which survives for more than ten dynamical times.

ASI2023 469 Anil Kumar Poster

Stars, ISM and Galaxy

Compact star merger events of stars composed of interacting strange quark matter

Properties of nuclear matter at density beyond nuclear saturation density are not well understood.
Compact star is unique laboratory to provide us with a plenty of information for studying such dense
nuclear matter. According to Bodmer and Witten conjecture, strange quark matter (SQM) composed of
up (u), down (d) and strange (s) quarks could be true ground state of strongly interacting matter at high
density. Conversion of nuclear matter into SQM via weak interactions give birth to new possibilities of
compact objects one is hybrid star and other is strange star. Hybrid star is a NS with core composed of
guark matter and SS is entirely composed of SQM up to surface. Recent gravitational waves and NICER
observations of pulsars provides us lot of information about constraints on mass, radius and tidal
deformability of these compact objects. We model the SQM inside SS to make it compatible with these
astrophysical observations. For that we consider modified bag model and vector bag model as stable
SQM region can be generated with these two models with certain values of parameters.
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ASI2023_672 Anirudh Salgundi Poster

Stars, ISM and Galaxy

Spectro-Temporal behaviour of Black Hole X-ray Binary GX 339-4 using AstroSat data

Galactic Black Hole X-ray Binaries (BHXRBs) show rapid spectral and temporal variability during
their outburst period. GX 339-4 is a well studied BHXRB which showed this kind of variability in
different enrgy bands during its perevious outbursts before 2021. With the simultaneous data
from LAXPC and SXT onboard AstroSat, we have attempted to thoroughly explore different
spectral and temporal properties of GX 339-4. The X-ray light curves and the spectra are
examined to check the spectral variabilities during the flux state transitions. We also computed
the Power Density Spectrum to look for temporal features and its correlation with the spectral
state of the source. Different model fitted parameters show that the source was in hard state
during 2021 with photon index ~1.6. Therefore, the corona was significantly hot and big. Our
study also sheds lights on the accretion ejection properties of the source.

ASI2023_114 Ankita Mondal Poster

Stars, ISM and Galaxy

The origin of the very metal-rich stars near the sun.

Stars of all ages are found near the sun- young and old, with abundances up to about [Fe/H] = 0.5. The
most metal-rich stars with [Fe/H] > 0.1, could not have formed near the sun, because the interstellar
medium near the sun is not so metal-rich. It is widely believed that they formed in the inner Galaxy and
migrated out to solar neighborhood via radial migration. The migration process moves stars from near-
circular orbits at one radius to near-circular orbits at another (mostly larger) radius via transient torques
(e.g. from spiral structure), and their vertical dispersion is lower after the migration, due to the
conservation of z-action. These processes may work together to produce an observed age-velocity
relation for the solar neighborhood, similar to that for stars born near the sun. We study the abundances
and motions of stars with [Fe/H] > 0.1 near the sun, from the APOGEE, GALAH and Gaia surveys. We look
for chemical and dynamical properties of these stars that give insights into their possible origin in the
inner Galaxy. From their (Vphi ,VR) distribution, some of these metal-rich stars are associated with the
Hercules moving group of stars, trapped by the Galactic bar in stable orbits around the rotating bar’s L4
neutral point. These orbits carry the stars out into the solar neighborhood. Our Gaussian Mixture Model
analysis supports this view. As part of this study, we investigate the distribution of orbital actions (JR,
Jphi, Jz) for about 3.9 million stars within 1 kpc from the Sun. Unlike the stars of near-solar abundance,
we find no change of orbital eccentricity distribution with abundance for the metal-rich stars with [Fe/H]
=0.1to0 0.5. These stars have all had a common dynamical history since their birth in the inner Galaxy.
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Stars, ISM and Galaxy

Investigating the orbit of a millisecond pulsar discovered by the GHRSS survey

Millisecond pulsars or MSPs (pulsars with a spin period less than 30 ms) act as very precise clocks
with accuracies comparable to the best atomic clocks on Earth. Timing studies of MSPs give us
key insights into their astrometric, binary properties, and relation to rest of the pulsar population.
Precise measurements of these parameters put a newly discovered MSP in its proper place in the
pulsar's period versus the period derivative diagram. We will present the timing study of an MSP
11242-4712, discovered by the GMRT High Resolution Southern Sky (GHRSS) survey
(Bhattacharyya et al, 2015). This MSP has a periodicity of 5.31 ms and a dispersion measure(DM)
of 78.6 pc/cc. Precise localization of this MSP in the image plane with the gated imaging
technique, provides additional input for the convergence in the timing fit. We will present the
timing study of this pulsar with the upgraded GMRT(uGMRT) band-3 (300-500 MHz) observations
spanning from October 2019 to December 2022, i.e, over 3 years of data. This timing study has
revealed the compact orbit nature and companion mass of the MSP. This is likely in a special
evolutionary phase, a "spider MSP" with a very low mass companion. Frequency-dependent
eclipsing is commonly seen for other spider MSPs. We will also present results from
investigations of the eclipse properties of MSP J1242-4712.

ASI2023 216 Anshika Pandey Poster

Stars, ISM and Galaxy

A comprehensive rotational study of astronomical iso-pentane within 84 to 111 GHz

The rotational line survey by ALMA (Atacama Large Millimeter/submillimeter Array) recently
revealed the presence of i-C3H7CN (i-PrCN) and n-C3H7CN (n-PrCN) in a 3-mm atmospheric
window between 84 to 111 GHz towards the hot core region Sagittarius B2(N) (Sgr B2(N)). This
was the first interstellar detection of a linear straight-chain molecule. In this light, we report the
rotational spectra of the C5H12 isomeric group in the same frequency range. We performed
quantum chemical calculations for spectroscopic parameters. The pure rotational spectrum of
the species has been simulated using the PGOPHER program. The rotational spectrum of this
molecule makes it a good candidate for future astronomical detections since the radio lines can
be calculated to very high accuracy in mm/sub-mm wave regions.
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Stars, ISM and Galaxy

U-band Photometric Studies of North Celestial Cap Region

The North Celestial Cap (NCC), covering region of § > 80°, was observed in the U band as part of
the TAUVEX UV telescope program (a bi-national Indo-Israeli collaboration), designed for UV
survey of the sky. The aim of the optical U-band observations was to identify and catalog objects
which could potentially show UV variability. While the TAUVEX program was eventually curtailed,
the optical data taken by the IIA Himalayan Chandra Telescope (HCT) over 3 months (October
2009 — December 2009) is still useful, from the viewpoint of tracking stellar variability in hot stars
(and cooler stellar/extra galactic objects which are U- and NUV-bright). The calibrated
magnitudes are matched against the North Celestial Cap Survey (NCCS) catalogue (Gorbikov, E.
and Noah, B., 2013) and the sources themselves cross-correlated with other, multiwaveband,
observations of this field, notably from GALEX, but also with other, archival, UV datasets. We
thus present an updated spectral energy distribution (SED) of all astronomical objects in this field,
with emphasis on the UV band.

ASI12023_425 Arup Kumar Maity Poster

Stars, ISM and Galaxy

Probing the early stages of the massive star formation toward AFGL 5180 and AFGL 6366S

Massive stars (M > 8M_solar) greatly influence the evolution of their host galaxies through their
extreme mechanical and radiative feedback. But their formation mechanisms are not clearly
understood. In this regard, the observational study of the young massive stars is important for
understanding their mass accumulation processes. Class Il 6.7 GHz methanol maser emission
(MME) is a reliable proxy for tracing the early stages of massive stars. Hence, we have selected
the sites AFGL 5180 and AFGL 6366S, each hosting a Class Il 6.7 GHz MME. Dust continuum
images reveal the hub-filament system (HFS) toward each site and a filamentary connection
(length ~ 3 pc) between them. The hub toward AFGL 5180 harbors several compact VLA 8.46 GHz
radio continuum emissions, suggesting the presence of a small cluster of massive stars. The star
formation activity (e.g., YSOs, outflows) is evident toward the entire filament, which is more
concentrated toward the ends. The 12C0/13C0O/C180 molecular line data reveal that MMEs are
physically associated with the same filamentary cloud, allowing us to discard the earlier proposed
cloud-cloud collision scenario in these sites. The high-resolution (~0".1-0".8) near infra-red (IR)
images and ALMA 1.3 mm dust continuum map reveal an IR-bright high mass protostar (mass ~
8.2M_solar) toward AFGL 5180. Overall, our initial results hint at the connection between HFSs
and the end-dominated collapse of the filament at an evolved stage. In this talk, | will discuss
these results regarding the mass accumulation processes involved in the early stage of massive
star formation.
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Study of Variable stars in the field of intermediate age open cluster NGC 2126

In this project we performed TESS Full Frame Image photometry of variable stars in the field of
intermediate age open star cluster NGC 2126. Light curves were obtained for eleven targets, their
power spectrum was constructed. There were three eclipsing binaries. Their binary trend was
subtracted to look for pulsations in the members. V551 Aur had a pulsating member. The orbital
periods were calculated for the three binaries. There were two y Doradus variables, five 6 Scuti
variables and one hybrid variable. The pulsational frequencies for these targets were also
calculated. The cluster membership for these stars where checked using gaia data. The light curve
of V551 Aur was modeled to derive basic parameters for the binary.

ASI2023 592 Atul Pathania Poster
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Insights into Radio and High Energy Emission from Gamma Ray Pulsars and Opportunities for
MACE

Rapidly rotating neutron stars with very strong surface magnetic fields are observed to emit
pulsed emission in the whole range of electromagnetic spectrum from radio to high energy
gamma-rays. These so called pulsars are known for their exceptional rotational stability. The
radio emission from pulsars is generally believed to be powered by the rotational energy of
neutron stars. More than 3000 pulsars have been currently known from radio observations,
however, it is observed that a large population of pulsars is also bright in optical, X-rays and
gamma-rays. The Fermi-LAT observations in the energy range above 0.1 GeV have discovered a
significant number of radio- quiet gamma-ray pulsars and its latest catalogue features about 300
pulsars. In gamma-ray pulsars a significant fraction of spin-down luminosity is converted into the
emission of high energy photons. However, origin of non- thermal broadband electromagnetic
emission from pulsars is not completely understood and remains an active area of research. In
this work, we explore the connection between radio and high energy gamma-ray emissions using
archival data and investigate the plausible physics involved in the non-thermal emission from the
gamma-ray pulsars. We perform pulsar population study to predict the detectability for the
MACE gamma-ray telescope, which has just started its regular science operation at Hanle. We
also highlight the prospects of detecting high energy gamma-ray emission above 20 GeV from
new pulsar candidates with the MACE.
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Detection of PAH feature in star-forming regions and late-phase stars from 3.6m Devasthal
Optical Telescope

Observation from various infrared space telescopes (Spitzer, IRAS, and ISO, etc.) show the mid-
infrared emission featuresat 3.3,6.2,7.7,8.6,11.2,and 12.7 um are ubiquitous. They are present
in Hll regions, reflection nebula, post-AGB stars, planetary nebulae, and external galaxies. These
emission bands are related to the vibrational transitions in aromatic molecules such as polycyclic
aromatic hydrocarbon (PAH). Hence, these bands are also known as Aromatic Infrared Bands
(AIBs). There are feature variations from source to source, indicating different PAHs in different
objects. To understand the complex chemistry and physical conditions leading to these
differences, we attempt to study a variety of astrophysical objects in IR bands. In this work, we
report the high-resolution infrared imaging results of two planetary nebulae (NGC 6543 and NGC
6826), two reflection nebulae (NGC 2023 and NGC 7023), an HIl region (AFGL 437), and a post-
AGB star (IRAS 22272+5435). The near-IR observations were taken from TIFR Infrared Camera-lI
(TRICAM2) on 3.6 m Devasthal Optical Telescope (DOT). The near-IR observations were
performedinJ, H, K, PAH, and nbl (narrow-band L) filters, with wavelengths centred at 1.20, 1.65,
2.19, 3.28, and 3.59 um, respectively. The 3.28 um AIB is a significant band arising due to the C-
H stretching vibration in PAHs. Its observations confirm the existence of PAH molecules in the
line of sight and give insight into the location and environment where PAHs are present. Analysis
shows emissions from warm dust and PAHs in the circumstellar shells of the source. We also
attempted to interpret these observational results in terms of the properties of the PAH
population (e.g., change in size, shape, charge, and composition). IR Imaging of these objects is
among the first observation in the PAH band from the ground-based telescope. The near-IR band
morphologies of these objects are discussed and compared with the optical bands.

ASI2023 154 Avinash Kumar Paladi Poster
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Multiband Extension of Wideband Timing Technique

Wideband timing technique can simultaneously measure the pulsar times of arrival (ToAs) and
DMs with high precision. We present a modified Wideband Technique that should allow one to
analyze multiple frequency band pulsar data simultaneously. Further, we have incorporated
wideband likelihood in TEMPO2 that will be required to perform pulsar timing with a precision
up to 1 ns level.
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Potential for FRB-like emission from Magnetar XTE J1810-197

Fast radio bursts (FRBs) are millisecond-duration pulses with very high flux density and most-likely of
extra-galactic origin. The actual origin and emission physics of FRBs are not understood yet, however, the
leading theories involve magnetars as the candidate source of FRBs. Magnetars constitute a sub-class of
neutron stars which exhibit extraordinarily high magnetic fields. Magnetars are mainly detected via their
high energy emission, e.g., X-ray bursts or persistent emission. Some magnetars also exhibit transient
radio emission. In their active phases, magnetar gives rise to bright radio pulses. The origin, as well as the
classification of these pulses, is not very clear. Here we present a case study on magnetar XTE J1810-197,
the first ever magnetar known to exhibit transient radio emission. Since its second outburst in December
2018, Magnetar XTE J1810-197 has been regularly monitored using the Giant Metrewave Radio
Telescope (GMRT). We primarily study the radio energetics of the magnetar via its bright radio bursts,
and its potential evolution with time. Through this case study, we present answers to questions like: (1)
is it possible that the magnetar J1810-197 could emit a burst with energy comparable to that of the
repeating fast radio bursts or to that of the Galactic FRB 200428, and, (2) if yes, over what timescales?
Our results, i.e., answers to the above questions, also have implications for the potential of observing
FRB-like bursts from the Galactic population of magnetars.

ASI2023 178 Belinda Damian Poster
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Hunt for low-mass stars and brown dwarfs in diverse environments

Brown dwarfs bridge the gap between low-mass stars and planets. Identifying and exploring these cool
objects aid in understanding the dominant mechanism through which they form and in tracing the very
low-mass end of the initial mass function (IMF). We study these substellar objects in diverse
environments such as the nearby young Sigma Orionis cluster, in the feedback dominated region IC1396
and in the distant W5 twin clusters - 1C1848 east and west using multiwavelength data and various
techniques. We primarily use the NIR photometric data from the CFHT-WIRCam (in J, W and H bands),
Subaru-HSC (inr, i, and Y bands), UKIDSS-WFCAM (in J, H, and K bands) and Mayal telescope-Newfirm (in
J, H and K bands). We also use the optical (CFHT-Megaprime and PanSTARRS) and MIR (Spitzer-IRAC,
MIPS) data. With the multiwavelength data we photometrically identify the candidate low-mass objects
and refine their membership in each cluster using Gaia data and confirm with follow-up spectroscopy
using IRTF-Spex and GTC-EMIR. With the census of members in each cluster ranging from the massive
stars in the region to the Jupiter mass sources, we probe the IMF down to the planetary mass regime and
study its dependance on the environment and compare with other well-known star forming regions.
Additionally, the protoplanetary disks being the birth sites for planets, provide raw materials for its
formation. Therefore understanding the evolution and dissipation of the disks will constrain the planet
formation theories and provide clues to the formation of brown dwarfs. We report the disk population
in these regions and analyse its properties such as disk frequency and dependance on stellar mass and
age.
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Dust polarization properties as a function of extinction and distance towards anti-center Galaxy

Dust polarization observations at optical wavelengths help understand the dust grain properties
and trace the plane-of-the-sky component of the magnetic field. In this study, we use the optical
polarization data acquired from AIMPOL along with the distances (?) and extinction (?v ) data.
We studied the variation of polarization efficiency (?/?v ) as a function of ?v and polarization rate
(?/?) versus ? towards five clusters NGC 1931, Stock8, NGC 1960, NGC 1664, and NGC 2281
located towards the anti-center Galaxy. These clusters lie within a 10° radius around the star-
forming region NGC 1893, but at different distances. We employ a broken power-law fit and
Bayesian analysis on ?/?v versus ?v and ?/? versus ? plots. Our earlier work towards NGC 1893
revealed the presence of two dust populations along the line of sight: (i) foreground dust
exhibiting higher polarization efficiency but a lower polarization rate, and (ii) Perseus dust
showing a lower polarization efficiency but a slightly higher polarization rate. When the data of
other clusters are clubbed together by excluding two clusters, the same trends are present. We
conclude that the assumption of similar dust properties and magnetic field orientations as a
function of distance and extinction over the larger projected area say a 10-degree diameter of a
specific region of interest, may be valid, especially towards NGC 1893.

ASI2023 677 Biki Ram Poster
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Study of variability and emission behaviour of the black hole LMXB 4U 1543-475 during the
2021 outburst using AstroSat.

We report a detailed broadband timing and spectral study of the black hole low mass X-ray binary
(LMXB) 4U 1543-475 using the data from SXT (Soft X-ray Telescope) and LAXPC (Large Area X-ray
Proportional Counters) instruments on board AstroSat during its 2021 outburst. AstroSat
observed the source over seven epochs during the decaying phase of the outburst. The hardness
intensity diagram of LAXPC and MAXI exhibits the evolution of the spectral state during this
outburst. For most of the AstroSat observations, the source was observed to be in softer states.
We performed the spectral analysis of the AstroSat observations and found the source spectra
to be best described by a combination of a thermal multicolored disk model and a non-thermal
power-law model. We observed a decrease in inner disk temperature (1.02 keV to 0.95 keV) with
decreasing flux. The source moved towards a non-thermally dominated state with increasing
Comptonization efficiency during final epochs. We conducted power spectral analysis for all
seven observations to estimate the variability of the disk and corona. The integrated RMS
changed drastically for the first three observations, followed by the lowest variability in the 4th
and 5th observations, and finally, it again increased for the last two observations. The increase
of non-thermal flux at the 6th observation, along with the sudden change in RMS variability,
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implies that the corona is the major contributor to the variability in this epoch. We examined the
energy dependence of the variability components to probe their correlation with the radiative
counterparts. The variation of the temporal and spectral parameters indicates a spectral state
transition between the sixth and seventh epochs, possibly from a soft intermediate state. This
work sheds light on the evolution of disk and corona components during the decaying outburst
phase of black hole LMXBs.

ASI2023 403 Broja G Dutta Poster
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The origin of X-ray time lag in Black Hole Transients and AGN: an implication on to accretion
dynamics

The time lag properties are important because it gives a model-independent view of accretion
dynamics. The time lag properties are inclination dependent, and the origin of time lag is difficult
due to the presence of non-linear physical processes contributing to the time lag. We attempted
various Galactic black hole transients (high and low inclination sources) and bare-type AGN. We
have calculated the X-ray time delay/lag between the different energy bands. We have studied
the various spectral parameters such as the size of the Compton cloud, accretion rate,
temperature of the electron cloud, and optical depth using various phenomenological and
physical models. We find that the time lag changes sign for both types of sources when the
accretion rate varies, and a similar variation of comptonizing region is observed from delay/lag
for both types of source. We concluded that the origin of time lag/delay delays could be
satisfactorily explained by considering the Comptonization, reflection, light-crossing time (i,e., an
inclination of the source and focusing), and the effect of outflows/Jets mechanisms for both the
transients and AGN sources.

ASI2023 68 Govind Nandakumar Poster
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The Galactic chemical evolution of phosphorus observed with IGRINS

Phosphorus (P) is considered to be one of the key elements for life, making it an important
element to look for in the abundance analysis of spectra of stars. Yet, there exists only a handful
of spectroscopic studies to estimate the P abundances and investigate its trend across a range of
metallicities. This is due to the lack of good P lines in the optical wavelength region and the
requirement of careful manual analysis of the blended P lines in near infrared H band spectra.
We determined P abundances for 37 K giants stars by fitting CO blended phosphorus line at
16482.92 A in their IGRINS HK band spectra. We have reliable stellar parameters estimated using
optical FIES spectra obtained in a previous study of the same set of stars called Giants in the Local
Disk (GILD). I will present [P/Fe] vs [Fe/H] trend for these stars in the metallicity range of -1.2 dex
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< [Fe/H] < 0.4 dex and compare this trend with the very limited literature sample as well as the
theoretical chemical evolution trend in Cescutti et al. (2012). | will then discuss the possible
nucleosynthetic origin sites of P by comparing it with other elemental abundances whose
nucleosynthetic origins are comparatively well known. | will also discuss briefly about the two
metal poor P enhanced s-rich stars belonging to the Milky Way halo population whose origins are
a mystery. Finally | will discuss the best stars (i.e, the range of stellar parameters) to reliably
measure P abundance from the P | line at 16482.92 A.

ASI2023 669 Hema Anilkumar Poster
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Understanding the X-ray emission from T Tauri Stars in Different Star Forming Regions

T Tauri stars (TTS) are young, low mass (M < 2MO) pre-main sequence stars, usually associated
with molecular clouds, and often found in young associations. The X-ray emission from these
stars has been studied earlier but not well understood. In Sun-like stars, X-rays from the corona
are due to the presence of the magnetic dynamo, and a similar phenomenon is proposed for the
TTS as they possess a sub-surface convective layer. A collective analysis of TTS in different
environments might give better insights into this puzzle which has never been explored before.
In this work, we obtain the X-ray parameters (X-ray luminosity, plasma temperature, absorption
column density, and emission measure) of the TTS in three active star-forming regions - Rho
Ophiuchi, Serpens, and Carina from the Chandra data archive and compare them with their
optical and infrared properties. This comprehensive study will provide a better understanding of
the processes involved in the origin of X-ray emission from TTS.

ASI2023 486 Hemanth M Poster
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Changes in the circum-binary environment of the accreting High mass X-ray binary pulsar GX
301-2 during its long spin-up episode

Some of the accretion powered X-ray pulsars with supergiant companion stars undergo
occasional rapid spin-up episodes that last for weeks to a few months. GX 301-2 exhibited such
an 80 days long spin-up episode in 2019 when the spin frequency of the pulsar increased by about
2% over two orbits of the binary. By performing time-resolved and orbital phase-resolved
spectroscopy with the MAXI/GSC spectra of the source, we studied the characteristics of the
circum-binary environment of the X-ray pulsar during and outside the spin-up episode. We found
that the circum-binary environment of the pulsar changed significantly during the spin-up
episode, the details of which will be discussed in this talk.
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Evaluation of night sky at Varahmihir Astronomical Observatory, Dongla, Ujjain

Situated on the Tropic of Cancer at 23°26'43.2"'N and 75°45'45.5"E, the Varahmihir Astronomical
Observatory (VAO) is a newly established observatory of Madhya Pradesh Council of Science &
Technology. The prime objective behind creating this observatory is to popularize astronomy and
astrophysics among children and youth of central India as well as carry out research on relatively
bright objects. The observatory has a 0.5m telescope from the Planewave, which is equipped
with a large format CCD from the Apogee. Though VAO is located at a low altitude and
surrounded by villages, however, the sky is relatively dark and it offers a large number of clear
sky during mid-September to May. In an attempt to characterize the site, we have made
observations using a 0.5m telescope for sky-brightness, atmospheric extinction and seeing. In
this poster, we report the sky condition at VAO as well as the results of a few observations carried
out as a part of the science verification.

ASI12023_40 Jeena S K Poster
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Rapidly Rotating Massive Pop Il stars: A Solution for High Carbon Enrichment in the Early
Galaxy

Very metal-poor (VMP) stars ([Fe/H]S< -2S) of mass S\lesssim 0.8\, M_\odot$ are thought to be
the fossil records of the nucleosynthesis of the earliest generation of massive stars that were
present in the early Galaxy. A large fraction of VMP stars are found to be enhanced in C relative
to Fe ([C/Fe]$>0.7S) and are referred to as carbon enhanced metal-poor (CEMP) stars. A subclass
of CEMP stars that have a low abundance of heavy elements are called CEMP-no stars are thought
to be produced from the interstellar medium (ISM) polluted by the supernova ejecta of the very
first generation (Pop Ill) massive stars. Although theoretical models of supernova explosions can
explain the relative abundance pattern reasonably well, the very high enrichment of C
([C/H]S\gtrsim -2.5 S) observed in many of the CEMP-no stars is difficult to explain when
reasonable values of dilution of the supernova ejecta with the ISM are adopted. We explore
rapidly rotating models of Pop Il stars that undergo efficient mixing and reach the so-called
quasi-chemically homogeneous (QCH) state. We find that rapidly rotating models that reach the
QCH state can eject large amounts of C in the wind and the resulting dilution of the wind ejecta
in the ISM can naturally explain the high C enrichment observed in CEMP-no stars. We find that
rapidly rotating massive Pop Ill stars are a promising site for explaining the origin of CEMP-no
stars. This indicates that a substantial fraction of Pop Il stars were rapid rotators.
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Identifying pulsar candidates using scintillation on radio images

Pulsars are usually detected by their narrow pulses or periodicity in time domain data. With a
synthesis imaging telescope like the GMRT, typically pulsar surveys use wider incoherent beams
to map large areas of the sky, but the incoherent beam is less sensitive compared to regular
imaging data. Also, the detection sensitivity of time-domain searches for pulsars is affected by
dispersion smearing, scattering, and rapid orbital motion of pulsars in binaries. The radio
continuum images do not suffer from the limitations of time domain searches. They, therefore,
are equally sensitive to all pulsars and allow us to find hard-to-detect pulsars, such as sub-
millisecond pulsars, pulsar-black hole systems, and pulsars near the Galactic Centre. Building on
a variance imaging technique proposed by Dai et al (2016), we have developed a new technique
that detects pulsar candidates in standard radio images by measuring their scintillation
bandwidth and timescale from the autocorrelation of dynamic spectra of sources. We use
existing GMRT observations of PSR B1508+55 and its neighbouring sources as a test case for our
technique. We demonstrate that the technique correctly differentiates between the pulsar and
other non-scintillating point sources and show that the extracted dynamical spectrum of the
pulsar is equivalent to that extracted from the GMRT phased array beam. We are developing an
automated pipeline for processing archival data and testing it on GMRT and uGMRT data. We will
show results from our analysis of known pulsar fields and challenges in dealing with interference
and instrumental effects.

ASI2023 96 Joseph Saji Poster
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Statistical analysis of long GRB prompt emission and X-ray flares: multivariate clustering and
correlation

Gamma-ray bursts (GRBs) are the brightest explosions in the universe. Despite several decades
of observations, the nature of GRBs still remains elusive. This work uses an extensive Neil Gehrels
Swift observatory database to conduct a systematic correlation study between the GRB prompt
emission and X-Ray flares in the afterglow. The study of flares superimposed on the afterglow of
GRBs will help us to enhance our understanding of the nature of the environment and the process
of the central engine that gives rise to delayed flaring. We have used 15 years (2005-2020) of
Swift observations. 240 GRBs with X-Ray flares were identified. Different temporal parameters
like duration, quiescent period (the period of inactivity of the central engine after prompt
emission) and minimum timescale variability are measured using observed count light curves. In
addition, spectral properties like energy flux, energy fluence and the spectral photon index of
both the prompt emission and the individual flare episodes were measured. These parameters'
distributions and the correlations between prompt and flare emissions are presented. A positive
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correlation is observed between the quiescent period and the flare duration. The consecutive
flaring episodes are longer and less energetic than the preceding flare episodes, as well as the
prompt emission. Also, the minimum variability timescale of the X-Ray flare light curves tends to
be larger than that of the prompt emission. A catalogue of these parameters characterising the
prompt and flare emissions is produced. The implications of the observed correlations are
discussed with respect to the model [Beniamini & Kumar 2016], suggesting that the central
engine is the origin of observed late-time flares. Combining theoretical model and observational
evidence, an understanding of the reason behind observed characteristics are made.

ASI2023_257 K.J. Nikitha Poster
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Investigation of the blue straggler stars in globular cluster NGC 5053 using AstroSat-UVIT

Globular clusters serve as ideal laboratories to test stellar evolution theories owing to their ages
and densely packed structure. While the studies of these in optical bands have been extensively
conducted, the UV regime has been comparatively understudied. One of the primary
contributors to the UV flux from a globular cluster are the blue straggler stars (BSSs). The
formation and evolution of these stars remain an open issue. They are expected to form either
through a mass transfer mechanism or a collisional/merger mechanism. Various studies have
demonstrated that it is possible to predict which mechanism would be more prominent in a
cluster based on the characteristics of the cluster and these stars. NGC 5053 which is a metal
poor and a rather dispersed globular cluster was analyzed using the UV instrument of AstroSat,
namely the Ultra Violet Imaging Telescope in three far-UV (F154W, F169M, F172M) and three
near-UV (N219M, N245M, N263M) filters. Sixteen known BSSs and eight BSS candidates have
been located using the UVIT filters in this cluster. The contention that the candidates belong to
the BSS stellar population in the cluster is supported with results from photometry as well as by
fitting their spectral energy distributions with stellar atmospheric models. The BSS population of
this cluster is estimated to have effective temperatures ranging from 7750— 8250 K, with the
mass and radius being between 1.2-1.3 M©® and 0.9-2 RO, respectively. Based on our analyses
of their SEDs and radial distribution, which appears to be more centrally concentrated, we believe
the BSS population of this cluster has a collisional origin.

ASI2023_20 Kajal Mahajan Poster
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Exploring possible contributors to pulsar timing noise

Pulsars are highly magnetized, fast rotating neutron stars and despite of regular rotation they
exhibit irregularities in their spin down rate, and these irregularities can be called as timing noise.
They also display switching between two integrated profiles called as mode changing, and the
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nulling is a extreme case of mode changing. During nulling and based on other modes, it has been
observed that the slowing down rate of pulsars is different, so this is the basis of additional
evidence in slow down rate of pulsars. We proposed a question regarding the amount of timing
noise that can be accounted from the nulling behaviour of pulsars, if there exist any dependence
of timing noise on nulling. The changing period derivatives of pulsars implies to the two state
behaviour(normal and null state). We have performed simulations using a fortran code for
changing period derivatives, and estimated the values of residuals. Results were encouraging as
the values of the residuals that are obtained after the simulations are comparable to the actual
values of timing noise parameter which has been estimated previously. The simulations have also
helped us to appreciate the behaviour of timing noise parameter as the function of NF(nulling
fraction) at the given value of null length. Hence, for nulling pulsars we can get timing noise when
period derivatives changes which corresponds to the two different states(normal and null state).

ASI2023_212 Ketan Rikame Poster
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X-ray Diwali in sky: Study of flares and bursts during eclipses of X-ray binary systems

In X-ray binary systems, X-rays are produced close to the compact object due to matter accretion
from the companion star. This radiation can interact with the surrounding matter to give rise to
secondary radiation called reprocessed emission, which also includes emission lines. The
reprocessed emission contains clues about the environment of the compact object and can help
better understand the matter around the compact object, its chemical composition, ionization
levels, etc. In eclipsing X-ray binary systems, during the eclipse, the direct emission of X-rays
produced near the compact object are blocked by the companion star, and only reprocessed
emission is observed making them ideal systems to study the reprocessed emission. Flares are
observed in high-mass X-ray binaries (HMXBs) due to increase in the rate of matter accretion
onto the compact object. In neutron star (NS) low-mass X-binaries (LMXBs), X-ray bursts are
observed due to unstable thermonuclear burning of accreted fuel on the surface of neutron stars.
Some X-ray binaries show flaring or bursts even during the eclipse. The study of such eclipse
flares and eclipse bursts gives additional clues regarding the size of the reprocessing region and
also helps distinguish between different components of the X-ray spectrum observed during the
eclipse. We have searched for flares during the eclipses of HMXBs in a large volume of archival
X-ray data and detected eclipse flares in several HMXB sources (Vela X-1, LMC X-4 and 4U 1700-
37). Similarly, we also found bursts during eclipses of a few LMXB sources (EXO 0748 676, XTE
J1710-281). In this work, we compare the spectral properties of the eclipse flares and eclipse
persistent emission data in HMXBs. We also do the timing study of the eclipse bursts observed in
LMXBs.
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Discovery of double BSS sequences in the old Galactic open cluster Berkeley 17

Blue straggler stars (BSS) are peculiar objects which normally appear as a single broad sequence
along the extension of the main sequence. Only four globular clusters (GCs) have been observed
to have two distinct and parallel BSS sequences. For the first time for any open cluster (OC), we
report double BSS sequences in Berkeley 17. Using the machine-learning based membership
algorithm ML-MOC on Gaia EDR3 data, we identify 627 cluster members, including 21 BSS
candidates out to 15 arcmin from the cluster center. Both the BSS sequences are almost equally
populated and parallel to one another in Gaia as well as in Pan-STARRS colour-magnitude
diagram (CMD). We statistically confirm their presence and report that both BSS sequences are
highly segregated compared to the reference population out to ~5.5 arcmin and not segregated
thereafter. The lower densities of OCs make BSS formation impossible via the collisional channel.
Therefore, mass transfer seems to be the only viable channel for forming candidates of both
sequences. The gap between the red and blue BSS sequences, on the other hand, is significant
and presents a great opportunity to understand the connection between BSS formation and
internal as well as external dynamics of the parent clusters.

ASI2023_49 Kiran L Poster
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Probabilistic Classification of YSOs and other IR-selected Milky Way sources

The discovery and classification of Young Stellar Objects (YSOs) are essential for understanding
the star formation process. Traditional approaches to identification of YSOs have relied primarily
on broadband color criteria derived using color-color (CCD) and color-magnitude diagrams
(CMD). However, the classifications from these methods are quite ambiguous due to the overlap
of different source types in CCDs and CMDs and do not state the confidence in classification.
Here, we employ machine and deep learning algorithms to probabilistically classify YSOs, Active
Galactic Nuclei (AGN), Asymptotic Giant Branch (AGB) and main-sequence (MS) stars. We
simultaneously use photometric colors and magnitudes in three near-infrared (2MASS J, H, and
Ks) and four mid-infrared bands (AIIWISE W1, W2, W3, and W4) for classification. Our approach
also sub-classifies YSOs into Class |, II, Il and flat spectrum YSO and AGB stars into carbon-rich (C
AGB) and oxygen-rich (O AGB) AGB stars. We adopt an ensemble approach to account for the
uncertainty in photometric measurements during classification. We apply our ensemble of 300
classifiers to nearby spatially isolated targets compiled in preparation for NASA’s upcoming space
mission Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices
Explorer (SPHEREX), i.e., infrared-bright sources likely to include a large proportion of YSOs. Our
classification indicates that out of 8,426,242 sources, 1,046,344 have class predictions with
probability exceeding 90%, amongst which ~58% are YSOs. Amongst the rest ~38% are AGB
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stars, ~3% are (reddened) MS stars, and ~2,000 sources are AGNs whose red broadband colors
mimic YSOs. We validate our classification by analyzing the spatial distribution of identified
candidate YSOs towards the Cygnus-X star-forming complex. We estimate the distance to the
Cygnus-X star-forming complex using Gaia DR3 parallax measurements of candidate YSOs
attributed to Cygnus-X and obtain a value of 1.4710.48 kpc in-line with previous estimates.

ASI2023 93 Komal Chand Poster
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Hot stellar populations of Berkeley 39 using Swift/UVOT

The multi-wavelength spectral energy distributions (SEDs) are indirect way to detect hot
companions of binary systems as they emit a significant amount of their flux at UV wavelengths.
Berkeley 39 is an old Galactic open cluster located at a distance of 4200 pc. Using the ML-MOC
algorithm on Gaia EDR3 data, we identified 861 members and 20 BSS in this cluster. Here, we
characterize 18 blue straggler stars (BSS) and 6 main-sequence (MS) stars of Berkeley 39 using
their SEDs. For this, we use UV data from swift/UVOT, optical data from Gaia DR3, IR data from
2MASS, Spitzer/IRAC, and WISE. We found excess flux in UV data points of 3 BSS, implying the
presence of hot companions. Therefore, we fit them with double-component SEDs. Of the 18
BSS, the remaining 15 are successfully fitted with single-component SED.

ASI2023 292 Krishna Kumar Kowshik Poster
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Fundamental parameters and mass function of three open clusters.

We present the results from an analysis of three open clusters ECX6-27 IR Cluster— (RA: 20:33:56, Dec:
41:22:54), Majaess 30 (RA: 02:44:36, Dec: 60:59:43), and Teutsch 55 (RA: 02:29:08, Dec: 62:06:19) —
situated in the galactic plane using archival data from GAIA DR3 and 2MASS surveys. We used proper
motion data from GAIA DR3 to identify likely cluster members separated from the field using a gaussian
likelihood model. The cluster radii were estimated as 4° for ECX6-27 IR Cluster, 3" for Majaess 30, and
3.5  for Teutsch 55 by fitting King’s density profile to the radial density profile of the clusters. We followed
standard practices of photometric analysis by plotting colour-colour diagram (CCD) and colour-
magnitude diagrams (CMDs) of the member stars. The line-of-sight interstellar reddening E(J-H),
distances to the clusters, and their ages were obtained from the fit of theoretical isochrones of solar
metallicity to the CCD and CMDs. ECX6-27 IR Cluster has E(J-H) = 0.95 + 0.03 mag, Majaess 30 has E(J-H)
=0.35 % 0.03, and Teutsch 55 has E(J-H) = 0.2 + 0.05 mag. The distances and log(age)s of the clusters are
respectively: ECX6-27 IR Cluster - 1.995 + 0.2 kpc and 7.0 + 0.2; Majaess 30 - 3.162 + 0.25 kpc and 7.5 +
0.3; and Teutsch 55 —3.467 + 0.4 kpc and 7.3 £ 0.2. Using Kroupa’s form of mass function, we obtain the
mass function slopes as -2.68 £ 0.3, -2.42 + 0.15, and -2.96 + 0.19 for ECX6-27 IR Cluster, Majaess 30, and
Teutsch 55 respectively. The three clusters in the present study are located in the vicinity of larger star
forming regions and may be probed to understand the nature of star formation around molecular clouds.
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White Dwarf Pulsars as Source of Continuous Gravitational Waves

Binary systems comprising a rapidly spinning magnetized white dwarf and a low mass companion
star are dubbed as White Dwarf Pulsars. These sources are getting increasing interest from the
theoretical as well as observational points of view. The spectacular pulsed emission over the
entire electromagnetic spectrum from radio to X-rays observed from these peculiar sources
appears to be powered by the spin of magnetized white dwarf and is modulated over the spin
frequency of the white dwarf. The process of energy release in the magnetosphere of fast
rotating, magnetized white dwarf can be attributed to a canonical spin-powered pulsar model.
An asymmetry around the spin-axis of highly magnetized white dwarf may generate the
gravitational wave emission. In this work, we investigate the mechanism of gravitational wave
emission from the rapidly spinning white dwarfs due to magnetic deformation. The amplitude
and luminosity of continuous gravitational waves are estimated for three white dwarf pulsar
candidates namely AR Scorpii, AR Aquarii and RX J0648. We discuss the prospects of detecting
the gravitational wave from these candidates by the upcoming high sensitivity detectors in the
vibrant field of gravitational wave astronomy. Importance of white dwarf pulsars as potential
targets for the multi-messenger astronomy is also highlighted.

ASI2023 283 Mami Deka Poster
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The HIF-stellar photosphere interaction theory: 6 Scuti stars

6 Scuti stars are intermediate-mass pulsating variable stars with masse range 1.0-3.0 solar mass
having spectral types between A2 and F2 located at the intersection of the Cepheid instability
strip with the main sequence. We can use them as astrophysical laboratories to test the theories
of stellar evolution and pulsation. The single-mode 6 Scuti stars obey a period—luminosity (PL)
relation, which make them reliable distance estimators (McNamara 1997, 2011 ;Ziaali et al. 2019
; Poro et al. 2021 ; Barac et al. 2022 ) to our Galaxy as well as to nearby galaxies, while the
multimode & Scuti stars provide an important astrophysical tool to understand the properties of
deep stellar interiors (Breger & Pamyatnykh 1998 ). In this work, we have investigated the
observed Period-Colour-Amplitude-Colour (PCAC) relations at maximum/mean/minimum light of
Galactic bulge and LMC & Scuti stars for the first time and tested the theory of the interaction of
hydrogen ionization front (HIF) and stellar photosphere of Simon et al. ( 1993 ) using MESA - RSP
code. The PCAC relations as a function of pulsation phase are crucial probes of the structure of
the outer envelope and offer an insight into the physics of stellar evolution and pulsation. The
behaviour of the & Scuti PCAC relations found in this study can be explained using the HIF-stellar
photosphere interaction theory. Another important result, we found from this study is that the
bulge 6 Scutis are comparatively hotter than the LMC & Scutis.
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Evolution of Quasi Periodic Oscillation Frequencies in Accretion disks around Black hole

Quasi Periodic Oscillations (QPOs) are often observed timing properties in black hole x-ray
binaries. Though these are exhaustively studied, till date, their origin is under debate. The origin
of these QPOs have been attributed to several underlying physical processes taking place in the
accretion disc around the black hole. Several models like the disk oscillation model, Lense-
Thirring effect, the discoseismology model and others have aimed to explain the origin of QPO,
but most of them do not take into account explaining both timing and spectral properties from
the same model. Here, we have considered the shock oscillation model to explain the reason
behind the observed QPOs. In order to explain it, we solve conservation equations in
hydrodynamics, including maximum possible physical processes. We use the Rankine-Hugoniot
shock conditions to estimate the location of the shock. Finally, we aim to apply our solution to
the observed QPOs for different black hole binaries.

ASI2023_166 Mayuresh Surnis Poster
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Low Frequency Monitoring of Magnetar PSR J1818-1607

Magnetars are neutron stars with high surface magnetic field strengths (> 10714 G) and periods ranging
between 2 - 12 s. They are characterised by transient and highly variable high-energy emission, often
exhibiting luminous high-energy bursts, accompanied by erratic rotational behaviour. Only six of these
stars have shown radio emission so far, which is usually observed after a high-energy flare and fades
away at later times. Given this small number of radio-loud magnetars, the origin and mechanism of this
emission is not well understood. Thus, any active magnetar that exhibits radio pulsations, provides an
exciting prospect to study emission physics in the presence of extreme magnetic fields. In this talk, |
would present results from the low frequency monitoring campaign of a radio-loud magnetar, PSR J1818-
1607 carried out with the uGMRT. In our observations at Band3 (300-500 MHz) and Band4 (550-750
MHz), we see flux density variations as well as a hint of low frequency turnover similar to what was seen
in another radio-loud magnetar J1809-1943. | would also discuss about the local environment of the
magnetar based on radio images for the field, which is the first of its kind of study for this magnetar.

ASI2023_273 MD SAIFUDDIN Poster
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Star Formation in Perseus

The Perseus molecular cloud contains the young star-forming clusters IC 348 and NGC 1333, both
of age 1-3 Myr lying within 300 pc of the Sun. In this paper, we analyse and obtain parameters,

106




masses and IMF of these two clusters using HCT data. It was found that neither cluster exhibits
mass segregation nor do the most massive stars reside in areas of enhanced stellar surface
density compared to the average surface density. We also study the spatial distributions and
kinematics of these clusters with reference to the other clusters present in the Perseus cloud
using Gaia DR3 data to ascertain if these clusters formed by triggered star formation.

ASI2023 688 Megha Das Poster
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"A soft x-ray study of Planetary nebulae with Astrosat/SXT".

Planetary nebulae (PN) represent the end stages of the evolution of stars with ZAMS 8.0 M,
and are formed by the material shed from the post-MS star, as it completes its evolution on the
AGB and post-AGB branches. X-ray studies of PN with Chandra ( e.g. J. H. Kastner et al., 2012, AJ
144, 58) and XMM-Newton have revealed the presence (and, more notably, the absence) of X-
ray bright central point sources (CS) in several PN, with a hard X-ray excess suggesting the
presence of binary companions. In this study, we use Astrosat/SXT 0.3-8 keV data, taken as part
of an Astrosat multi-wave band program on PN, to study the x-ray spectral signatures of both the
CS and nebulae, from several, nearby PN with well-resolved structures in the UV. Despite the low
count-rate (e.g., only (1.021 £0.5147) x 107{-2} s*{-1}) in the case of NGC 3587 at 622 pc), and
relatively short exposure times, the spectrum for this source is best fit by an absorbed thermal
plasma model (XSpec wabs*mekal), with the solar abundances, a column density of NH =
7.86x107{19} cm{-2}, and temperature kT = 0.775912 keV in the absence of a hard x-ray
component, and we attribute all x-ray emissions to the nebula itself.
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Accretion outburst in a Very Low Luminosity Object: the first direct discovery of the rare event.

Very Low Luminosity Objects (VelLLOs) are deeply embedded protostars with an intrinsic luminosity of
less than 0.1 times solar luminosity. They are considered to be the precursors of low-mass stars or
substellar objects in the quiescent phases of a cycle of episodic mass accretion. Many VellLOs are
associated with strong outflows, indicating the previous existence of massive accretion. Indirect chemical
tracers, such as line emission from N2H+ and CO isotopologues, have been used to investigate the
occurrence of episodic accretion in VelLLOs. We present the first direct spectroscopic evidence of the FU-
or-like outburst in a VeLLO. Young stellar object, SSTgbs J21470601+4739394, previously classified as a
very low luminosity object, was discovered to have an increasing mid-IR light curve by Park et al., 2021.
Our follow up observations with Gemini/GNIRS (R=1700) confirmed the object's binarity and found
diffused emission in the vicinity. The characteristics of the spectrum, taken close to the maximum point
in the light curve, resemble those of young stellar objects in a high-accretion state. We identify this object
as a bonafide FU-or and conduct a comprehensive spectroscopic and photometric analysis.
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Diffuse UV Background from mid-to-high galactic latitudes: Correlation with Galactic
components

Background radiation, more specifically in the UV can only be studied using space telescopes.
GALEX has observed the sky in UV photometric bands. The background map extracted from
GALEX has been studied in a larger context, being dust scattered radiation. Here, we look at a
few fields to determine correlation of diffuse background in GALEX: FUV (1539A) and NUV
(2316A) bands with other diffuse maps: IR (IRIS — 60/100 um), H-alpha (WHAM) and soft X-rays
(ROSAT — R2 and R5 bands) maps; which trace ISM at different temperatures along with galactic
components: dust extinction E(B-V) and neutral hydrogen column density N(H I).
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Membership determination in open clusters using DBSCAN Clustering Algorithm.

In this paper, we explore membership determination of open star clusters using clustering
techniques DBCAN (Density-Based Spatial Clustering of Applications with Noise) and HDBCAN
(Hierarchical -Based Spatial Clustering of Applications with Noise) for a sample of 9 clusters using
Gaia DR3 data. We select stars from the Gaia-DR3 catalog, and construct a five-dimensional phase
space (three-dimensional spatial position and two-dimensional proper motion) and obtain
reliable cluster members. We use the complete sample to find cluster parameters using ASteca
as well as to study the kinematic structure of the clusters using both the samples from DBSCAN
and HDBSCAN. We present our results using both methods and compare them to the values
obtained by earlier authors.
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Circumgalactic medium (CGM) Diagnostics

Galaxies are surrounded by Circumgalactic medium (CGM) that plays an important role in galaxy
evolution by supplying fresh fuel for star formation, regulating the stellar feedback etc. Various
parametric and non parametric models of the CGM have been developed in order to explain the
emission and absorption from CGM using different observable like Emission Measure (EM),
Dispersion Measure (DM), Column Density etc. These models have different parameters which
are to be constrainted using different observable diagnostics. In order to do so, we have built a
library of these models where one can generate various profiles like Density, Pressure,
Temperature, Entropy, EM maps, DM maps, Column Density and compare them with
observations. Doing so, one can thus compare different models and take the best CGM model
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out of all the existing models. The best model can be chosen with the help of many observations
of the CGM which are going to be available in the near future with the advent of new sensitive
probes like eROSITA, HaloSat, Athena etc and existing facilities like XMM Newton, Suzaku,
Chandra etc. The other observations include the Dispersion Measure and Rotation Measure (RM)
of newly discovered FRBs which are distributed in the entire sky and thus we can map the entire
sky. The ultimate motive is to have an utility where model prediction can be done quickly with
various adjustments like changing the parameters, adding models together, adding a new model
etc. In this regard our library of models is modular, quick, flexible and thus can be utilized widely
and efficiently.
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Revealing the Role of Computational Chemistry in the Era of ALMA to Characterize Interstellar
Medium

Over 270 molecular species have been confirmed in the interstellar medium (ISM), approximately
40% of which are more than five atoms defined as Complex Organic Molecules (COMs), reflecting
interstellar molecular complexity. The chemical network connecting the formation and depletion
of hundreds of these molecular species consists of thousands of possible reactive channels.
Investigating the interstellar chemical network helps explore the varied characteristics of the
different astrophysical environments. Additionally, the chemical network comprising deuterated
speciesis a unique and potent way of studying the different evolutionary stages of star and planet
formation, thereby understanding their chemical and dynamical history. Specifically, the D/H
ratio unveils the mystery of the ‘interstellar region’ responsible for the synthesis of the complex
species. In the era of ALMA and other future ground based facilities such as SKA and ngVLA, the
interstellar census is expected to rise exponentially in coming years, along with the increased
number of COMs and deuterated species. However, we have a handful of data for reactions
responsible for formation of COMs and their deuterated forms. The rapid development in the
computational tools and the powerful quantum theories can address this limitation. Here, | will
present computational chemistry’s role in exploring the unknown reaction networks, particularly
emphasizing the kinetic isotopic effect (KIE) and Thermodynamic isotopic effect (TIE) studies due
to the difference in zero point energy of isotopologues. The expanded network is expected to
provide improved astrochemical models which include deuterium fractionation and better
characterize the evolution of star and planet forming regions using high sensitivity observations
with ALMA and other facilities.
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IC 5146 dark streamer: A site of intertwined filaments, hub-filament systems, and end-
dominated collapse

Despite our vast understanding of the physical environment of star clusters (hosting massive
stars), less is known about their formation processes. Several studies suggest that dust and
molecular filaments play a central role in star formation processes. The system of several
filaments converging to a common zone is known as the hub-filament system (HFS) and is quite
popular as a potential birthplace of massive stars. Furthermore, the isolated filaments are found
to collapse at their edges, forming star clusters. Thus, the role of filaments in the star formation
processes becomes a vital topic of discussion and demands careful multi-wavelength analysis. In
this context, we have analyzed multi-wavelength data of a nearby filamentary system IC 5146
dark streamer (i.e., fl; d ~600 pc). At the eastern and western ends of fl, two HFSs were previously
known. Our derived high-resolution hydrogen column density map (resolution ~13".5) indicates
two intertwined sub-filaments (i.e., fl-A and fI-B) toward fl, revealing a nearly double helix-like
structure. An identical signature is also observed in the C180 emission. The analysis of 13CO data
hints at the collision of two cloud components (Velocity ~2 and ~4 km/s), explaining the origin of
HFSs and the presence of several massive sources. The magnetic field position angle measured
from the filament's major axis shows a linear trend along the filament. This signature is confirmed
in the other nearby EDC filaments. Thus, it may present a more quantitative observational proxy
of the EDC scenario. Based on our observational outcomes, we witness multiple physical
processes operational in our target site. Overall, IC 5146 streamer can be recognized as the first
reliable candidate of intertwined sub-filaments, edge collapse, and HFSs together. In this talk,
the major outcomes of our work will be presented and discussed.
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Evolution of H alpha emission line in Nova V1674 Herculis

Classical Novae belong to the broad class of cataclysmic variables consisting of a mass-accreting
white dwarf and a mass-losing main sequence star(K-M type). This is a type of semi-detached
binary system in which the secondary star is filling its Roche lobe. Novae explosion occurs due to
the thermal nuclear runaway on the surface of the white dwarf, which is accreting matter from
its companion. As a result, the star brightens by ~10 magnitudes, and the envelope of the
accreted matter gets ejected at very high velocities. The early stages of the novae are well
studied; however, there is often no or scanty information on the late-decline and the quiescent
phases of the novae. But why are we interested in these not-so-exotic quiescent phases of
novae? Our study is related to the answer to this question. In this poster, we will explain the
importance of observing novae in their late-decline phase and the quiescence phase. We will
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discuss classical nova V1674 Her (a hybrid Nova transitioning from Fe Il to He/N spectral type),
which went into outburst in 2021. Nova V1674 Her is the fastest (t2~1.2 days) galactic nova on
record. We will show the evolution of the velocities and structures in the H alpha emission line.
These lines show multiple minor peaks on flat-topped profiles. We will also discuss how long the
quiescent burning phase lasts for this nova and present some of the calculated physical
parameters of the ejecta.
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Astrochemistry of protostellar sources using ALMA observations and its future implications with
JWST

Understanding the physical and chemical conditions in the innermost regions of deeply
embedded Class 0/I protostellar sources is of utmost importance to determine how molecular
complexity develops in protostars and how far it progresses before the molecules are
incorporated as ices into planetesimals in protoplanetary disks and delivered to planets in the
habitable zone. We have investigated the physics and chemistry (origin/presence of complex
organic molecules, including prebiotic molecules), in a sample of Class 0/I protostellar systems
on solar system scales using the high sensitivity observations from Atacama Large
Millimeter/submillimeter Array (ALMA). We also modeled the inner protostellar region using the
Local Thermodynamic Equilibrium (LTE) radiative transfer method and determined the column
densities and excitation temperature of detected molecules. Our results show that low-mass
protostellar sources are very rich in prebiotic as well as complex organic molecules, and their
measured abundances are decided by local physical conditions, whereas for some, it is kinetics
driven. Our work also allows us to search for ice absorption features for the same sources using
JWST-MIRI and NIRSpec with GTO/GO programs to address whether complex species form
initially in the ice, prior to star formation or are formed by hot gas-phase chemistry during the
protostellar phase.
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A curious case of subpulse drifting and nulling in pulsar J0026-1955

Pulsars are excellent astrophysical laboratories for studying physics under extreme gravitational
and magnetic fields. After more than five decades of research, physical processes that govern
their radio emission mechanism remain an outstanding problem. PSR J0026-1955 was
independently discovered by the MWA (McSweeney et al. 2022), and it exhibits unusual sub-
pulse drifting characteristics, a large (~¥70%) nulling fraction and mode changing. These
characteristics make it an excellent source for uncovering the intricacies of pulsar emission. We
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observed this pulsar using the upgraded Giant Meterwave Radio Telescope (UGMRT) at dual
frequency bands, covering a frequency range of 300-750 MHz. Our preliminary analysis confirms
the peculiar subpulse drifting behaviour seen in MWA data, including at least two distinct drifting
modes, rapid changes between these modes and an evolution of drift rate within a mode. Our
analysis also reveals the evolution toward a faster drift rate is usually followed by a null sequence,
and there is also some evidence for memory across nulls. With all these intriguing properties,
PSR J0026-1955 presents an ideal testbed for the carousel model of sparks and holds the
potential to uncover the intricacies of pulsar emission physics.
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Far and Near UV catalogue of sources in the UVIT deep field around 1C4329a

The primary aim of our project is to produce a catalogue of bright sources in Far ultra-violet and
Near ultra-violet band as well as study their variability on short timescales. The excellent spatial
resolution of UVIT and its unique feature of simultaneous imaging in both FUV and NUV band
enables us to produce UV colour for our detected sources, as well as simultaneous variability
studies in both the bands help us to study the nature of UV emission from these sources. We
have analysed the deep UVIT field obtained for observation of Seyfert galaxy 1C4329a and
detected 1000 sources in FUV and 3133 sources in NUV band above 3 sigma SNR level. We
performed astrometry and photometry on all the detected sources and produced a catalogue
containing their position, Far and near UV flux, magnitudes and UV colours. We are also
investigating the UV variability for some bright sources in our field on short time scale for the
first time.
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Discovery of cyclotron and narrow iron Ka lines in HMXB GRO J1750-27

This work reports the discovery of two closely spaced cyclotron resonant scattering features (CRSFs),
along with the presence of a narrow Fe Ka emission line at 6.4 keV in the broad-band NuSTAR spectra of
transient Be X-ray pulsar GRO J1750-27 obtained during the outburst from 2021 September. The source
underwent the fourth outburst, since its discovery in 1995. The NuSTAR observation was performed
during the rising phase of the outburst. Pulsations at a period of 4.450710(1) s were observed in the 3—
60 keV energy range. The detailed timing analysis reveals that the average pulse profile comprises a broad
peak with a weak secondary peak, which evolves with energy. The broad-band phase-averaged spectrum
is described by a blackbody, a power law, or a Comptonization component. The two CRSFs are present
around 36 and 42 keV in the energy spectrum. These lines indicate a magnetic field with a strength of
about 3.7 and 4.4 x 10712 G for the neutron star. The application of the accretion-disc torque models
gives an estimated source distance of ~ 13.6—16.4 kpc.
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Interaction of Heavy Nucleus Acoustic Shock Waves in Quantum Plasma

Quantum plasmas have been a significant area of study for nearly six decades due to their
frequent occurrence and potential applications in many astrophysical plasmas, laboratory
devices using the compression of matter with laser, x-ray, or ion beams, inertial confinement
fusion (ICF) plasmas, quark-gluon plasmas, solid-state plasmas, semiconductor electron-hole
plasmas, as well as in nanoplasmonics. The number density of degenerate electrons is so high in
dense astrophysical environments that the electron speed and Fermi energy are on scale with
the speed of light in a vacuum and the electron mass-energy, respectively. Consequently, the
collective behavior of this dense matter is determined by quantum effects. When dissipation
effects outweigh dispersion effects in a specific nonlinear medium, shock waves result. The study
of the evolution of nonlinear shock waves in degenerate quantum plasmas has attracted the
attention of many researchers due to their presence in interstellar compact objects such as
neutron stars, white and brown dwarfs, and high-power laser operations. In this paper, the head-
on collision of two heavy nucleus acoustic (HNA) shock waves in a quantum plasma made up of
relativistic degenerate electrons, light nuclei, and non-degenerate mobile heavy nuclei is
presented. Two Kortweg-de Vries-Burgers equations for shock waves are derived using the
extended Poincare-Lighthill-Kuo perturbation approach. After the collision, the analytical phase
changes of the HNA shock waves have been determined. Due to the dependency of nonlinearity,
dispersion, and dissipative terms on the physical factors, such as number density ratio, charge
density, magnetic field strength, etc, we have studied the impact of such numerous physical
parameters that significantly alter the distinctive characteristics of HNA shock waves. The
findings of this study may provide insights into the distinctive characteristics of various nonlinear
HNA waves in various astrophysical contexts, particularly in white dwarfs.
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Characterization of exoplanet atmosphere using transmission spectroscopy.

Studying the physical and chemical characteristics of an exoplanet’s atmosphere is of utmost
importance to understand the diversity of planetary atmospheres out there in the universe and
it gives usinsights into the process of formation, evolution and migration of planets. Transmission
spectroscopy is one of the most successful techniques to study the atmosphere of an exoplanet.
We have analyzed the transmission spectrum of two exoplanets. In this talk, | will discuss about
our investigation of Hubble Space Telescope (HST) and James Webb Space Telescope (JWST)
observations of two hot jupiters namely, WASP-39b and WASP-96b using a 1D planetary
atmosphere radiative convective equilibrium model, ATMO for forward and retrieval studies. |
will talk about the different physical and chemical characteristics that we have retrieved for the
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planets and the presence of different molecular species that we have detected in the atmosphere
of these planets. For HST and SPITZER data of WASP-39b, we find three distinct absorption
features of water vapour in this planet’s transmission spectrum, as found by previous studies.
We also find evidences of Na in the planet’s atmosphere, however, at very low abundance. Our
retrieved model predicts the presence of CO and CO2 in the atmosphere of WASP-39b which is
in accordance with the recently published study of JWST NIRspec PRISM data as a part of ERS.
Both of these exoplanets have been observed with JWST as initial targets under ERS (Early
Release Science) program.
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Probing the M dwarf radius valley with CARMENES

An outcome of studying transiting planets around M dwarfs is the revelation of a bimodal
distribution of planets, with peaks at 1.3 R_earth and 2.6 R_earth. The relative paucity of planets
between 1.5 R_earth and 1.8 R_earth is termed as the radius valley. Formation of planets in a
gas poor environment wherein substantial Hydrogen (H) could not be accreted or the scenario
wherein the outer H atmosphere is eroded by XUV irradiation in the initial 100 Myrs of planet
formation are the two most promising theories to explain the lack of planets in the radius valley.
We have observed several M dwarf transiting systems with the space-based satellite TESS and
performed follow-up radial velocity (RV) observations with the optical and NIR spectrograph,
CARMENES, fiber-coupled with the 3.5-meter telescope at the Observatorio de Calar Alto in
Almer\'ia (Spain). We would report the discovery and characterization of a handful multi-
planetary systems detected on each side of the radius valley, particularly focussing on one
example for the M3.0 V star TOI-1468 having two planets straddling the radius valley. The inner
planet has a rocky composition and the outer one is consistent with a rocky core with a H/He gas
envelope. Similar discoveries can further help determine a more precise location of the radius
valley for small planets around M dwarfs and, therefore, shed more light on planet formation
and evolution scenarios.
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Atmospheric characterization of super-Earth exoplanets in the era of JWST

Starting from the seminal discovery of 51 Pegasi b, the discovery of more than five thousand
exoplanets today has revealed a much larger chemical and physical diversity than found in the
Solar System. Observational surveys like Kepler have revealed potentially habitable planets to be
common, and facilities like the James Webb Space Telescope (JWST) have the ability to
characterize their atmospheres in search of signs of life. Hence, one of the primary goals of
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exoplanetary science is to confirm the presence of an atmosphere, characterize it and measure
its composition. Until today, we have been able to understand the presence of an atmosphere
for only one rocky exoplanet known as 55 Cancri e, which lacks an H2-dominated atmosphere. In
this talk, | will discuss atmospheric physics and chemistry of nitrogen-dominated ultra-short
period super-Earth 55 Cancri e based on observations that favor a high mean molecular mass
atmosphere. | will present the results from our state-of-the-art forward model of exoplanet
atmospheres which couples the radiative-convective equilibrium model with photo-chemical
kinetics. | will discuss how our model helps to constrain atmospheric physics (e.g., temperature-
pressure profiles) and atmospheric chemistry (e.g., chemical abundances) that satisfy past space-
based observations from HST. | will also show the simulated transmission and emission spectra
of the atmospheres of 55 Cancri e by varying the initial elemental C/O, N/O ratios, and the vertical
mixing parameter and study the potential observability of the simulated spectra with JWST. Our
work also suggests possibilities of atmospheric characterization of rocky exoplanets using Indian
ground-based facilities such as the TANSPEC instrument onboard the 3.6 m ARIES Devasthal
Optical Telescope (DOT) or the proposed Indian space mission EXOWORLD.
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Searching for Extraterrestrial Intelligence through Multi-wavelength Observations

Till now, Earth is the only known planet to humankind that can support intelligent life. One
approach to finding extraordinarily advanced intelligent civilizations compared to humans is to
search for Dyson Spheres, a hypothetical megastructure built by an advanced civilisation around
their host star for harvesting energy. The observational signature of the Dyson sphere is a change
in the spectrum of the host star, dim in optical while bright in infrared. But, Young Stellar Objects
(YSO) found in nebulae have similar spectral characteristics as a Dyson sphere. Suazo et al. (2022)
have used a Machine Learning algorithm to select Dyson sphere candidates based on the infrared
photometric observations of the stars in our galaxy. However, this algorithm sometimes fails to
detect any nebular feature around a star, even when the star has been identified as a YSO via
other observations. In the case of a YSO, we expect a higher fraction of red stars, because of dust
reddening, in its surrounding nebular region compared to a random star located in a non-nebular
environment. We plan to use this characteristic of YSOs to filter out the YSOs from the list of
potential Dyson sphere candidates identified by Suazo et al. (2022). Our initial analysis shows
that for a sample of 218 randomly chosen the main sequence, 218 Herbig Ae/Be and 218 T-Tauri
stars, the average value of the fraction of red stars for Herbig Ae/Be is 0.330 + 0.283, 0.669 +
0.262 and 0.864 + 0.064, respectively. This significant difference in the fraction of neighbouring
red stars could potentially be used to differentiate whether a Dyson Sphere candidate belongs to
a nebular region or not. We apply this method to verify potential Dyson sphere candidates
identified by Suazo et al. (2022).
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Investigation of spectra for millisecond pulsars

Since MSPs (Milli-second pulsars having spin period < 30 ms) are intrinsically faint sources
combined with lack of availability of sensitive wide-band observing facilities until about last
decade (before upgraded GMRT, UWL receiver for Parkes, LOFAR came online), simultaneous
multi-frequency study of spectra (as well as other properties) for MSPs is still in its infancy as
compared to normal pulsars. Due to the observed diversity of spectral properties of MSPs, and
in absence of systematic flux measurements for a large sample of MSPs, it is not possible to draw
a firm conclusion from the comparison of the spectra of MSPs and ordinary pulsars. The
sensitivity of the GMRT aided with wide band width observing facility makes it the premier
instrument for investigation of MSPs in the southern sky. We will present the investigation of
spectral index variation for some of the MSPs discovered by the GMRT. We investigated temporal
variation of the spectral index for the folded profile and pulse phase resolved spectral index
variations for some of the MSPs discovered by the GMRT that were monitored regularly over last
few years. For example for PSR J2144-5237, discovered with the GMRT, we investigated the
spectra for multiple observing epochs (in band-3, band-4 and band-5) and found huge variations
observed in the spectra for J2144-5237 at different epochs (e.g. ranging from -4 to -2 in band-5).
Also we note that J2144-5237 has several profile components, and each have different spectral
index. In addition, we will present single pulse study of spectral properties for some of the
brightest MSPs using the uGMRT. These observations was taken simultaneously on band-3 (300-
500 MHz, in coherent dedispersed mode) and on band-4 (550-750 MHz, in phased array mode).
We will also explore the constraints that this study can put on MSP emission physics.
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Spectral behaviour during rapid flux change in Swift J1728.9-3613 using NICER and NuSTAR.

Recent studies confirmed that Swift J1728.9-3613 is a Black hole X-ray binary. Hardness intensity
diagram indicates that it is a high inclination source. During an outburst black hole X-ray binary
undergoes a transition from hard state to soft state and soft to hard state. They exhibit a short
lived intermediate state during state transition. The behavior of accretion disk during
intermediate state is not well understood. We analyzed simultaneous NICER and NuSTAR
observations for Swift J1728.9-3613 during the intermediate state. We observe drastic change in
the flux without much change in hardness. We did the spectral analysis to see the variation in
parameters as flux changes. We found that the change in flux is due to the variation in coronal
behavior.
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TESS Photometric Variability of Young Brown Dwarfs in Taurus Star-Forming Region

Photometric variability studies of very low-mass stars (VLMs) and Brown Dwarfs (BDs) are
important tools to probe the physical nature of their atmospheres. Photometric variability in
these dwarfs is due to the presence of surface features like magnetic spots (strong magnetic
fields) or dust clouds, which cause optical modulation as it rotates, and it is possible to measure
the period of rotation of an object from its light curve. The time-series photometric variability is
a key probe of atmospheric inhomogeneities in VLMs and BDs. Here, we present TESS high-
quality light curves of young ( ~ 3 Myr) VLMs and BDs in the Taurus molecular cloud. Our aim is
to search the fast rotation of low-mass stars and picturized the dynamic atmosphere and surface
features. Out of 11 of the highest-confidence Taurus members, we find that 72% are periodic in
nature among them 3 BDs have a period < 1.5 d. Interestingly, we have detected 4 flare events
in 3 young BDs. From the flared light curves, we have estimated the total bolometric flared
energy in a range of 10736 to 10737 ergs, which is close to the superflare energy range. Such
superflares strong effect on the habitability of planets around M-dwarfs.
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Why do we see hot-emission stars at high galatic latitude?

Stars are usually found in associations in the active star-forming region. It is rare to find stars
away from any molecular clouds, and in the regions high above the Galactic plane. High-latitude
clouds (|b| >30°) are predominantly diffused or translucent. Thus, these low-density
environments at high latitudes create a challenge for the formation of hot stars, as they are not
convenient sites for star formation. We choose a sample of 40 high galactic latitude emission-
line stars (Shridharan et al. 2021) of spectral type B and A. By analyzing the dynamics of these
stars, a comprehensive understanding on the formation is made. Through the trace back analysis
we evaluated the formation region of these stars.
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Observational study of low-frequency radio continuum and HI properties for a sample of nearby
galaxies using GMRT.

The Spitzer IR Spectrograph observations of FR-I & FR-Il radio galaxies at redshift <0.22 have
detected pure rotational emission lines from warm (100—1500 K) molecular H2 gas. It results in
a new class of radio galaxies having large H2 luminosities of the order of 10740-10742 erg/s and
large L(H2) to L(PAH) ratios; of 0.03—4 or greater. These galaxies are called radio molecular
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hydrogen emission galaxies (radio MOHEGs). Despite having a significant amount of molecular
hydrogen gas, these galaxies show insufficiency in star formation, with an inadequate amount of
star formation rates. It is suggested that galaxy collisions or cooling flows drive the molecular gas
in MOHEGs, further heated by radio-jet feedback via shocks or cosmic rays. Furthermore, most
of these galaxies appear to have stellar disks, dust disks, or dust lanes. We have detailed studies
in optical and IR regions on MOHEGs. The low-frequency radio continuum, redshifted H1 studies,
and higher spatial resolution of the H2 emission region and its kinematics will give further insights
into the radio-jet feedback mechanism. Moreover, it would help us understand the kinematics
of unsettled/turbulent phase molecular gases in these galaxies.
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Complex magnetic fields in the massive star-forming region Cep A using JCMT SCUBA-2/POL-2

Magnetic fields play a crucial role in the formation and evolution of molecular clouds. Hub-
filament systems (HFSs) are the potential sites of protocluster and massive star formation and
play a key role in mass accumulation to initiate the massive star formation. The role of magnetic
fields in such regions is not well understood. We present preliminary results based on the sub-
millimeter (850 um) dust continuum polarization observations towards a massive star-forming
Cep A using JCMT SCUBA-2/POL-2. We found that the polarization fraction (P) decreases with
intensity (I) with the power-law index of a = 0.7. P, on the other hand, deviates from the general
distribution and exhibits a relatively lower a of 0.4 for | > 220 mJy/beam. This implies that the
dust grains in the densest portion of the core are better alighed where massive star formation
activity is prominent. Despite the uniform large-scale magnetic field structure on the outskirts,
the magnetic field morphology is found to be complex in the clump region of Cep A. We have
analyzed the correlations between the structure of B-fields, gravity, and outflows. We found that
the magnetic and gravitational fields are aligned along the N-S region; whereas outflow
orientations are better correlated with B-fields along the E-W region. Based on the energy
parameters, we will talk about how important the magnetic fields are in comparison to gravity,
turbulence, and outflows.
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Probing the drastic changes in the frequency dependent eclipsing for PSR J1544+4937

We report very drastic changes in the eclipse cut-off frequency for the black widow pulsar 11544+4937.
Majority of such systems often exhibit relatively long duration ~ 15% radio eclipses caused by ablated
material from the companion stars (e.g. Polzin et al. 2020). The eclipse observed in such systems are
frequency dependent and are more pronounced at lower frequencies (< 1.5 MHz). PSR J1544+4937 is a
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Fermi black-widow MSP with spin period 2.16 ms discovered by Giant Metrewave Radio Telescope
(GMRT, Bhattacharyya et al. 2013). The previous studies reported an eclipse cut-off frequency of 345
MHz for a few epochs of observations for this system (Kansabanik et al. 2013). We observed a factor of
two increase in the cut-off frequency for this system from our observations on 12th February 2022. Later
follow-up observations showed that the cut-off frequency is changing with time. In this presentation we
will report a systematic study of variation of eclipse cut-off frequency for about a decade, where we
observed significant differences in the cut-off frequency values in a few day’s time scale. Such drastic
variations in cut-off frequency is not reported for this system or any other spider millisecond pulsar
system before. This shows that PSR J1544+4937 is clearly undergoing some kind of transition, where the
eclipse environment is dynamically evolving over short timescales. These changes in the observed eclipse
cut-off frequency could depict temporal changes of the magnetic field strength and electron density in
the eclipse region.
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Rotational Spectroscopy of the Interstellar Branched Chain Molecule: s-C4H9CN

The rotational line survey recently revealed the presence of i-C3H7CN (i-PrCN) and n-C3H7CN (n-PrCN)
in 3-mm atmospheric window between 80 GHz to 111 GHz towards the hot core region Sagittarius B2(N2)
(Sgr B2(N2)) with the Atacama Large Millimeter/submillimeter Array (ALMA). This was the first
astronomical detection of a largest branched noncyclic molecule. In this light, through computational
methods, we have studied the rotational spectrum of sec-butyl cyanide (s-C4H9CN) within the same
frequency range towards the Galactic Center star-forming source Sgr B2(N2). We performed quantum
chemical calculations for spectroscopic parameters of astrochemically relevant molecules, followed by
their rotational spectrum simulations for ALMA band-2 (67-90 GHz) for probable detection of s-BuCN in
Sgr-B2(N). The rotational spectrum of s-BuCN makes it a good candidate for future astronomical search
towards the Sgr B2(N2).
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Different models of Star Formation and their Observational Evidences

Understanding the formation process of stars constitute one of the basic problems in astrophysical
research. Both low and high stars forms via different physical processes and various models have been
proposed in the literature. Various efforts have been already made to observationally validate these
models but the satisfactory explanation is still far from reality. Availability of good quality multi-
wavelength data from various telescopes/instruments provides an excellent opportunity to study in
detail the physical process of star formation in different star forming region. In this talk, | will be
presenting the results of our study related to star formation in several star forming regions and their
implication on various models of stars formation.
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Polycyclic Aromatic Hydrocarbon clusters as carriers of interstellar IR emission bands

Several astronomical objects in the Galaxy and in external galaxies show mid-infrared spectra
that are dominated by features at 3.3, 6.2, 7.7, 8.6, and 11.2 um, known as the unidentified
infrared (UIR) bands. These emission features match very well the vibrational modes of polycyclic
aromatic hydrocarbon (PAH) molecules (Tielens 2008). In order to completely understand the
UIR bands, spectroscopic data on different PAH species are needed including pure PAHs, ionized
PAHs, PAHs with side groups, substituted PAHs and PAH clusters. Since there is very limited data
on PAH clusters, the present work investigates infrared (IR) spectra and enthalpy of formation of
PAH clusters in neutral and ionized forms. The effect of "packing” on the IR spectra of PAH
clusters is discussed. The computed IR spectra are then compared with observations.
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HI Brackett decrement analysis of APOGEE emission-line stars

Near-infrared HI recombination lines are known to be indicators of the accretion and outflow
activities in YSOs. They are formed in distinct regions around a YSO such as accretion columns,
circumstellar disk, disk wind, and outflows. To understand the physical conditions of the HI
recombination region, we analyze APOGEE H-band spectra which contain Brackett 11-20
emission lines. We identified 1418 sources showing the Brackett series in emission from Data
Release 17. The sources were classified based on photometry and Gaia DR3 astrometry, mainly
into Classical Be, HAeBe, and T-Tauri stars. Further, the spectra were visually checked to identify
metallic lines, especially Fell and [Fell]. We perform a comparative case-B recombination analysis
using Brackett series flux measurements with the theoretical values from Storey & Hummer and
Kwan & Fischer models. For the first time, we present a homogenous study of Brackett
decrement analysis discussing the physical conditions of line emitting medium in different types
of emission-line stars.
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Are magnetic fields shaping these cometary globules or vice-versa? Cases of L328, L323, L331
clouds

In this work, we present the R-band polarization observations of three isolated cometary globules
namely LDN 323, LDN 328, LDN 331 with interesting head-tail morphology to study the magnetic
field geometry of the clouds in context of the direction of ionizing radiation. R-band polarization
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the magnetic fields in the region. The foreground contribution to the observed polarization
values were subtracted by making polarimetric observations of stars that are located in the
direction of the cloud and with known distances from Gaia measurements. A polarization map
representing the geometry of the magnetic field in the cometary globule complexes was
produced. More analysis such as distribution of polarization position angles in different regions
and variation of polarization properties with distance of the background stars, were performed.
Magnitude of plane of the sky magnetic field was calculated using structure-function analysis
employing a modified Davis-Chadrashekar-Fermi formula. For studying the correlation between
cloud morphology and magnetic field morphology a modified version of HRO (Histogram of
Relative Orientation) analysis was employed.
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Disk Variability of Classical Be stars using LAMOST medium-resolution spectra

Classical Be stars (CBe) are non-supergiant spectral type B stars indicated by Balmer emission
lines that originate from their circumstellar disk. This circumstellar disk is formed from the
ejection or decretion of mass from the star due to rotational speeds close to its critical velocity.
The dynamical perturbations in the decretion disk can be observed as variability in Ha strength
and profiles using multi-epoch medium-resolution spectra. CBe stars usually exhibit variability in
the short-term (hours to months) as well as in long term (years to decades). Non-radial pulsation
(NRP) explains significant line profile variability (LPV) on short-term and binarity effects are found
to be an important source of intermediate-period disk variability. The extreme case of such
variability is the appearance/disappearance of the Ha emission line, indicative of the formation
of a disk or disk-less state in CBe stars. In this work, we use a catalogue of 1162 candidate Be
stars identified from LAMOST Medium-Resolution (R ~ 7500) Spectra from LAMOST Data Release
7. We visually identified 25 variable Be stars, where 10 candidates show profile variability and 15
candidates show a change in Ha emission strength based on the multi-epoch data available for
each star. Equivalent Widths and Full Widths at Half Maximum values were estimated for our
sample of variable Be candidates. Light curve (V-mag) analyses were performed to calculate the
period of variability for CBe systems. Results from these analyses will provide a reference for
future investigations of the disc-formation in the vicinity of the CBe stars, as well as a better
understanding of the LPV and the significance of binarity in decoding the “Be phenomenon”.
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Optical spectroscopic view on the classical symbiotic outburst of CM Aql

Classical symbiotic outbursts (Z-And type) are the most common type of outburst in symbiotic
systems. However, our understanding of them is sparse. In the literature, four different models
are proposed to explain such outbursts; such as 1) Expansion of WD photosphere at a near
constant bolometric luminosity due to an increased accretion rate that exceeds study burning, 2)
Shell flash or thermal pulse similar to nova outburst, 3) Dwarf nova-like outburst due to accretion
disk instability, 4) Combination nova, where an outburst is initiated by disk instability following
an enhanced shell burning. On 2020 Feb 28, one of the early known but poorly studied symbiotic
stars, CM Aql, reported undergoing an outburst by Gaia alert (Gaia20bcf). We present optical
spectroscopic follow-up observations of CM Aqgl from the Himalayan Chandra Telescope (HCT)
for the past two and half years, studying the spectral evolution during the Z-And type outburst.
In this study, we present the evolution of different parameters, such as the temperature and
luminosity of the hot component in the system, and compare it with previously reported studies.
We also present the pre-outburst light curve showing wave-like variation originating from orbital
motion and post-outburst light curves showing multiple peaks, which are typical for Z-And
outbursts.
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Promise from Gaia in Constraining Compact Object Formation Physics

Theoretical studies from several groups including ours have predicted that the unprecedented
astrometric data from the Gaia satellite should help discover thousands of compact object
binaries in detached orbits, about a hundred of which are expected to be black holes. True to this
prediction, several tens of candidate compact object binaries have already been identified from
Gaia's third data release. This number is expected to increase significantly in future data releases
as well as ongoing analysis of the current data. This group of compact object binaries, especially
those containing black holes and neutron stars, are complementary to the more traditional
interacting ones detected via X-ray, radio, or gravitational waves. In my presentation, | will
describe how several properties, traditionally not directly measurable, of these compact objects
can be constrained with Gaia's observations only. Furthermore, | will describe how we can finally
put meaningful constraints on highly uncertain supernova physics with this (potentially) large
number of detected black holes and neutron stars with well-constrained properties.
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Change in accretion flow in an Intermediate Polar V709 Cas

We have carried out detailed time-resolved timing analysis of an intermediate polar V709 Cas,
using the long-baseline, short cadence optical photometric data from the Transiting Exoplanet
Survey Satellite(TESS). We found an orbital period of 5.33306 + 0.00004 hr, a spin period of
312.748 £ 0.002 sec and a beat period of 317.927 + 0.002 sec, which are similar but more precise
than the earlier published results. From the continuous data, we report the system’s accretion
geometry as disc overflow with disc-fed dominance. The double-peaked pulse profile nature
shows it being a two-pole accretor.
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Fundamental parameters and mass function of three open clusters.

We present the results from a analysis of three open clusters ECX6-27 IR Cluster— (RA: 20:33:56,
Dec: 41:22:54), Majaess 30 (RA: 02:44:36, Dec: 60:59:43), and Teutsch 55 (RA: 02:29:08, Dec:
62:06:19) — situated in the galactic plane using archival data from GAIA DR3 and 2MASS surveys.
We used proper motion data from GAIA DR3 to identify likely cluster members separated from
the field using a gaussian likelihood model. The cluster radii were estimated as 4” for ECX6-27 IR
Cluster, 3" for Majaess 30, and 3.5" for Teutsch 55 by fitting King’s density profile to the radial
density profile of the clusters. We followed standard practices of photometric analysis by plotting
colour-colour diagram (CCD) and colour-magnitude diagrams (CMDs) of the member stars. The
line-of-sight interstellar reddening E(J-H), distances to the clusters, and their ages were obtained
from the fit of theoretical isochrones of solar metallicity to the CCD and CMDs. ECX6-27 IR Cluster
has E(J-H) = 0.95 + 0.03 mag, Majaess 30 has E(J-H) = 0.35 + 0.03, and Teutsch 55 has E(J-H) = 0.2
+0.05 mag. The distances and log(age)s of the clusters are respectively: ECX6-27 IR Cluster - 1.995
+ 0.2 kpcand 7.0 £ 0.2; Majaess 30 - 3.162 + 0.25 kpc and 7.5 £ 0.3; and Teutsch 55 -3.467 £ 0.4
kpc and 7.3 £ 0.2. Using Kroupa’s form of mass function, we obtain the mass function slopes as -
2.68 + 0.3, -2.42 + 0.15, and -2.96 + 0.19 for ECX6-27 IR Cluster, Majaess 30, and Teutsch 55
respectively. The three clusters in the present study are located in the vicinity of larger star
forming regions and may be probed to understand the nature of star formation around molecular
clouds.
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Spectroscopic study of a WC9-type WR star: [KSF2015] 1381-19L

We have carried out a detailed spectroscopic investigation of a faint and very less studied Wolf
Rayet (WR) star: [KSF2015] 1381-19L of WC9-type which was found to be located in the inner
dust obscured region of the Milky Way galaxy at a distance of 4kpc. For our study, we have
generated tailored spectroscopic models using a 1-Dimensional Non-Local Thermodynamic
Equilibrium radiative transfer modelling code “CMFGEN” and fitted the extinction corrected and
flux calibrated emission lines present in the optical (5000-9000 A) and near-IR (H & Ks bands)
spectral data that we had observed from the 2m-Himalayan Chandra Telescope. We estimated
the best fitting spectroscopic model by comparing the ionisation line strength ratios of various
diagnostic emission lines between the observed and modelled spectra. From the best fitting
spectroscopic model, we have derived possible values of stellar physical parameters such as
effective temperature, mass, luminosity, wind velocity structure, mass loss rate etc. as well as
chemical abundances of various elements such as Helium, Carbon, Oxygen, etc. present in its fast
expanding stellar winds. Also, we have fitted the object’s photometric spectral energy
distribution (SED) data with our model SED and estimated the photometric quantities such as
absolute magnitude, extinction parameters such as E(B-V)=2.4 for R=3.1, along the line of sight.
From our study, we also report that this WR star falls under the category of a non-dust producing
WC9-type star.

ASI2023_349 SUCHISMITO CHATTOPADHYAY Poster

Stars, ISM and Galaxy

Study of the kHz QPO properties in the 4U 1636-53,4U 1820-30, 4U 0614+091, 4U 1728-34.

We present the systematic analysis of the energy-dependent time lags and rms fractional
amplitude of the kilohertz quasi-periodic oscillations (kHz QPOs) of neutron-star low-mass X-ray
binaries 4U 1636-536, 4U 1820-30, 4U 0614+091 and 4U 1728-34 using AstroSat’s LAXPC data.
We observed that for the upper kHz QPO the slope of the best-fitting linear model to the time-
lag vs frequency variation is more or less consistent with the zero and the total rms amplitude
integrated over the 3—10 keV energy band decreases with the increasing frequency of the kHz
QPO. Furthermore, We also see a linear correlation between the variation of the quality factor
with that of the rms amplitude variation. Finally, from the observed alternating variability trend
in the time-lag and increasing fractional rms amplitude with the increasing energy in individual
sources. we discuss the mechanism that could be responsible for the radiative properties of the
kHz QPOs.
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Exploring the role of metallicity on star formation in the Outer Milky Way

Metallicity plays an immense role in the formation process of stars and planets. Understanding
the star formation properties as a function of metallicity will impact our current understanding
of galaxy evolution in the early universe — however, it is a challenging topic to quantify the
differences due to the metallicity effect observationally. The outer part of the Milky Way is an
ideal place to study the role of metallicity on various star formation processes because the metal
abundance declines with galactocentric distance. The efficiency of gas cooling and dust shielding
processes decreases with lower metallicity. It, therefore, affects the physical and chemical
conditions of gas and dust compared to the Central Molecular Zone and Solar neighborhood. We
have selected 19 star-forming regions in the outer Milky Way and observed CO(1-0), 13CO(1-0),
HCN(1-0), HCO+(1-0) using the 14-m telescope at the Taeduk Radio Astronomy Observatory, KASI
and complemented with deep near-infrared data (JHK) from UKIDSS and CFHT. We will present
the results of the dependency of dense gas tracers (HCN and HCO+) on metallicity obtained from
the molecular data. Based on JHK data the disk fraction studies for these outer Galaxy targets are
done, we will discuss the role of low metallicity for short lifetime in protoplanetary disks. Finally,
we will talk about the role of metallicity and Galactocentric distance on star formation activities,
such as star formation rate (SFR), and efficiency (SFE), combining molecular and near-infrared
data.
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Survey of carbon-deficient giants in the Milky Way: Shedding light on the Weak G-band puzzle

Weak G-band stars or carbon-deficient giants are a rare class of G-K giants, whose spectra show
a very weak or absent CH band at 4300A. Spectroscopic studies showed carbon abundances of
these stars are under-abundant by about a factor of 20 when compared to the normal giants and
highly enhanced in nitrogen abundance. Studies found high lithium enrichment in most of these
stars. Weak G-band stars are claimed to be intermediate-mass stars with mass ranging from 2.5
Msun - 5 Msun. They are rare, as only about three dozen were known. Thus, we initiated a
systematic survey among large spectroscopic databases, including LAMOST, for these peculiar
stars among giants spanning disk metallicity. Our results increased the sample to three-fold and
confirmed their rarity in our Galaxy. Spectra of some of these new carbon-deficient giants were
obtained using the Himalayan Chandra Telescope. In this talk, | will discuss the newly discovered
samples' properties, including their kinematics, Li and CNO abundances, masses, and
evolutionary phases. Results show observations do not agree with standard stellar evolutionary
models, indicating non-standard processes are required to explain the anomaly of light elements
in these rare class of stars. The paper based on the above results is under review.
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HINSA Zeeman Observations Towards PGCC G089.75-02.16

The Zeeman effect allows us to study the line-of-sight magnetic field in the interstellar medium.
The most common tracers are HI, OH, and CN. However, at densities where the transition from
sub-critical to super-critical occurs, the available tracers do not provide sufficient information to
study the magnetic field. In this study, we employ the HI Narrow Self Absorption (HINSA) feature
using the Five-hundred-meter Aperture Spherical Telescope (FAST) to study the line-of-sight
magnetic field strengths towards a Planck Galactic Cold Clump (PGCC) G089.75-02.16. PGCCs are
dense, cold clouds that host the pristine physical conditions governing the star formation
process. We also analyze the mass-to-flux criticality and the Alfven Mach number to reveal the
stability of the cloud and the role of turbulence in the cloud.
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Insight from observational study of two open clusters: King 6 and Trumpler 3

Open clusters are not trivial stellar systems. Their dynamical evolution is not yet fully understood.
They are excellent targets to understand issues related to galactic structure, stellar population,
dynamical evolution, and star formation process in the Galaxy. We present new UBVRI
photometry of two open star clusters i.e., for King 6 and Trumpler 3. The data is collected from
104-cm Sampurnanand Optical Telescope, ARIES Nainital, using 2k x 2k CCD which covers about
13 x 13 arcmin2 field on the sky. We could reach down to ~ 21 mag in V band. GAIA DR3 archival
astrometric data is used to determine membership probability, mean proper motion and
parallaxes for the member stars of the target field. These may be used to determine the
fundamental parameters (Reddening, age, distance), structural parameters, mass function and
mass segregation for the objects. The CCD photometry for King 6 is being reported for the first
time.
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How do massive star clusters form? A case study on Galactic Molecular Cloud G148.24+00.41

Clouds more massive than about 105 M are potential sites of massive cluster formation.
Studying the properties of such clouds in the early stages of their evolution offers an opportunity
to test various cluster formation processes. We make use of CO, Herschel, and UKIDSS
observations to study the global properties, physical structure, kinematics, and cluster formation
potential of one such cloud, G148.24+00.41. Our results show the cloud to be of high mass (~
1.1 x 1075 M(©), low dust temperature (~ 14.5 K), nearly circular (projected radius ~ 26 pc), and
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gravitationally bound with a dense gas fraction of ~ 18%. The cloud consists of 4-5 filaments and
shows the signature of longitudinal inflow towards the central clump through the filaments. The
mass in the filaments ranges from ~ 1 x 103 to 6.5 x 10*3 M(® and the total mass contained in
the filaments is around 1.4 x 1074 M. The major filament is ~ 26 pc long, ~ 4.2 pc wide, and
has a line mass of ~ 260 M pc”-1. Our analyses suggest that the central area of the cloud is
actively forming protostars and is moderately fractal with a Q-value of ~ 0.66. We find evidence
of global mass segregation with a degree of mass segregation (A_???) = 3.2. We discuss these
results along with the structure of the cloud in the context of its cluster formation prospects and
conclude that the cloud has the potential to form a massive cluster in the range ~ 2000-3000
M@, but has to do so via dynamical processes such as conveyor-belt mode of cluster formation,
where global convergence of both gaseous and stellar content may lead to a compact cluster.
The converging flows towards the cluster centre are evident from the velocity gradient of gas in
the filaments.
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Infrared spectroscopy of n-Annulene PAH molecules

Annulenes are interesting derivatives of polycyclic aromatic hydrocarbon (PAH) molecules that
can have aromatic as well as non-aromatic character. The ubiquitous presence of infrared
emission features at 3.3, 6.2, 7.7, 8.6, 11.2, and 12.7 micron in various astrophysical
environments and their profile variations indicate the presence of a variety of PAH molecules in
space. Emission models are attempted to match all the emission bands simultaneously. These
models require infrared properties of specific PAH molecules as input. To have a broad data base
for this input, guantum chemical computations have been performed for n-Annulenes, which are
non-benzenoid PAHs. DFT computations are performed using B3LYP functional in conjugation
with 6-31Gd basis set through the GAMESS suit of programs. [14]-Annulene (Pyrene with no
interior bonds), [18]-Annulene (Coronene with no interior bonds), and [22]-Annulene are
studied. All the molecules are aromatic in nature.The computed IR spectra of each molecule in
neutral and cation are reported. In nutral molecules C-H streatch vibrations are dominant
feature, just as in the corresponding plain PAHs like pyrene and coronene. There is very little
difference due to the inner hydrogens in [14]-Annulene and [18]-Annulene. In the cations too the
spectral variation is similar to plain PAH cations. Additional infrared features that appear in the
spectra are identified. The possibility of Annulene formation in the ISM and their relation to
different astrophysical conditions are discussed.
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X-ray/Ultraviolet Spectrum of the NLS1 galaxy MRK0279 using multi-epoch observations

Seyfert-1 Galaxies, one of the largest sub-groups of active galactic nuclei, are home to super
massive black holes(SMBHs). The central SMBH is surrounded by a rotating accretion disk which
emits in X-rays, close to the Eddington limit. Their spectra is characterised by the presence of
both narrow and broad emission lines. This study looks at the broadband X-ray and ultraviolet
spectrum of the Seyfert-1, MRK0279. Simultaneous multi-wavelength observations made by the
different instruments onboard AstroSat namely, SXT, LAXPC and UVIT, were used. The
observation was made in 2018 and had an exposure time of 140ks. X-ray data from ESA’s XMM-
Newton data was also used for analysis. This 60ks observation was made in 2005. Data was
filtered to remove any background emissions and flares. Spectra for corresponding energy bands
were then extracted from the filtered files. Spectra for the different energy bands, namely 0.3-
8.0keV and 4.0-80.0keV respectively, were merged to obtain a single broadband spectrum. XMM-
Newton observations are in the broad X-ray energy band 0.3-10.0keV. The spectral energy
density function obtained was then fit to theoretical models. It was found that the observed
spectrum can be explained using a powerlaw emission as is expected from a Seyfert-1 galaxy.
The flux calculated from the spectra agrees closely with the predicted values.
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Identifying break/curvature in the GeV spectrum of 3C 454.3.

The GeV spectral break found in the gamma ray spectrum of 3C 454.3 is a special observation
feature discovered by Fermi-LAT telescope. The Fermi-LAT spectrum of 3C 454.3 does not follow
a power-law function and shows a clear break at an energy of few GeVs. The interesting feature
is that, the energy of break is almost stationary, ie, even when the flux changes by a factor of 20,
this break shows a change by a factor of less than 2 only. While the presence of break is
statistically significant, it is difficult to differentiate the spectrum between a broken power-law
or a curved function such as power-law with an exponential cutoff or a log parabolic
function,over a short period of time. In this context, we have analysed several gamma ray
spectral energy distributions of the source corresponding to different epochs using various
spectral models. We could find that the Smooth broken power-law and Log parabolic function
describes the gamma ray spectrum equally well. Further the lower and higher energy spectral
indices of the gamma ray SED s show a significant positive correlation. In addition to this , the
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difference in low and high energy spectral indices clearly deviate from the value 0.5 of classical
radiative cooling. One of the possible implication will be the inherent break in the particle energy
distribution together with Klein Nishina energy loss mechanism which has to be srutinized
further.
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RAD@home citizen science discovery of an AGN spewing a large unipolar radio bubble on to its
merging companion galaxy.

Active galactic nucleus (AGN) feedback during galaxy merger has been the most favoured model
to explain black hole—galaxy co-evolution. However, how the AGN-driven jet/wind/radiation is
coupled with the gas of the merging galaxies, which leads to positive feedback, momentarily
enhanced star formation, and subsequently negative feedback, a decline in star formation, is
poorly understood. Only a few cases are known where the jet and companion galaxy interaction
leads to minor off-axis distortions in the jets and enhanced star formation in the gas-rich minor
companions. Here, we briefly report one extraordinary case, RAD12, discovered by RAD@home
citizen science collaboratory, where for the first time a radio jet—driven bubble (~ 137 kpc) is
showing a symmetric reflection after hitting the incoming galaxy which is not a gas-rich minor
but a gas-poor early-type galaxy in a major merger. Surprisingly, neither positive feedback nor
any radio lobe on the counter jet side, if any, is detected. It is puzzling if RAD12 is a genuine one-
sided jet or a case of radio lobe trapped, compressed and re-accelerated by shocks during the
merger. This is the first imaging study of RAD12 presenting follow-up with the Giant Metrewave
Radio Telescope, archival MeerKAT radio data and Canada-France-Hawaii Telescope optical data.
(Note that the result was published recently in MNRAS Letters and was press-released by RAS,
NCRA, CEBS & RAD@home, creating wide media coverage and public interest.
https://radathomeindia.org/press-release
https://academic.oup.com/mnrasl/article/517/1/L86/6755525 This will also be presented orally
in IAU symposium 375 on 6th Dec 2022)
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Machine Learning Approach for Classification of Uncertain Type Blazar Candidates in the Fourth
Fermi-LAT Catalogue

The Large Area Telescope on board Fermi satellite (Fermi-LAT) has revolutionized the field of high
energy astrophysics with a many fold increase in the number of known gamma-ray sources over
a decade. Recent third release (DR3) of the fourth Fermi-LAT catalogue (4FGL) features a total of
6658 sources with approximately 2157 unassociated sources. Despite continuous ongoing efforts
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to associate unidentified sources with possible counterparts using information from intensive
multi-wavelength observation campaigns, the catalogue still shows a substantial fraction of
sources without a plausible association. Majority of the associated sources in the 4FGL catalogue
belong to the blazar class. In this contribution, we report results from the classification of 112
blazar candidates of uncertain type using informations from the X-ray, UV, Optical and IR
observations. We adopt the Extreme Gradient Boosting (XGB) algorithm to segregate these
sources into blazar subclasses namely BL Lacertae objects (BL Lacs) and Flat Spectrum Radio
Quasars (FSRQs). Out 112 candidates, 66 are identified as BL Lacs and 5 as FSRQs whereas nature
of remaining sources remains ambiguous.
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Using the redshift evolution of the Lyman-a opacity to probe dark matter models

Lyman-a forest data are known to be a good probe of the small scale matter power. In this paper,
we explore the redshift evolution of the observable effective optical depth teff(z) from the
Lyman-a data as a discriminator between dark matter models that differ from the ACDM model
on small scales. Considering the thermal warm dark matter (WDM) and the ultra-light axion (ULA)
models with the following set of parameters: the mass of ULA, m_a \sim 10°{-24} - 5x10{-22} eV
and WDM mass, m_{\rm wdm}= 0.1 - 4.6 keV. We simulate the line-of-sight HI density and
velocity fields using semi-analytic methods. The simulated effective optical depth for the
alternative dark matter models diverges from the ACDM model for z=3, which provides a
meaningful probe of the matter power at small scales. Using likelihood analysis, we compare the
simulated data with the high-resolution Lyman-a forest data in the redshift range 2 <z<4.2. The
analysis yields the following 16 bounds on dark matter masses: m{\rm wdm} > 0.7 keV and m_a
> 2 \times 107{-23} eV. To further test the efficacy of our proposed method, we simulate
synthetic data sets compatible with the ACDM model in the redshift range 2 \leq z \leq 6.5 and
compare with theory. The 16 bounds obtained are significantly tighter: m{\rm wdm} > 1.5 keV
and m_a > 7 \times 107{-23} eV. Although our method demonstrates an alternative approach for
constraining dark matter models, we note that these bounds are weaker than those obtained by
high-resolution hydrodynamical simulations.

ASI2023 694 Ankur Ghosh Poster
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Low-frequency view of long duration GRB afterglows

Long-duration Gamma Ray Bursts (GRBs) are a result of the collapse of massive stars
accompanied by relativistic outflows. The initial gamma-ray flash of a GRB is accompanied by a
long-lasting afterglow visible from X-ray to radio wavelengths. The rate of radio afterglows
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detection is S\sim$ 30\%. The early evolution of radio afterglows (below 4 GHz) is through the
optically thick regime. Therefore, the light curve peak corresponds to the transition from an
optically thick to a thin regime. Hence, radio frequencies are unique in probing the evolution of
the self-absorption frequency (S\nu_a$), which in turn can constrain the physical parameters.
Due to the long-lived nature of radio afterglows, they serve as an excellent probe of GRB
energetics and their environments. In this work, | will present the results of our efforts in
observing the radio afterglows of GRBs at low frequencies with the Giant Metrewave Radio
Telescope (GMRT). Multi-wavelength numerical modelling performed by combining data at all
available wavelengths has allowed us to put constraints on the ambient medium density,
collimation angle, shock microphysical parameters, and kinetic energy of the burst. | will also
highlight the importance of future sensitive radio telescopes, which will increase the detection
rate significantly and would be able to answer some of the important issues related to afterglow
calorimetry, emission mechanisms, and environments around the massive stars exploding as
GRBs in the early Universe.

ASI2023_627 Aratrika Dey Poster
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A comparative analysis of X-ray properties of narrow line and broad line Seyfert 1 galaxies

Narrow Line Seyfert 1 (NLSy1) galaxies are a peculiar category of active galactic nuclei identified
by Osterbrock and collaborators about four decades ago. They are characterised by the broad
component of the H_beta emission line with FWHM < 2000 km/s, weak [OllI] with [Olll]/Hbeta <
3, strong Fell, soft X-ray variability, and steeper X-ray spectra compared to BLSy1l galaxies. We
have carried out a comparative analysis of the X-ray flux and spectral characteristics of a carefully
selected sample of NLSy1 and BLSy1 galaxies. The main motivation behind this work is to look for
similarities and/or differences in the X-ray properties of NLSy1 vis-a-vis BLSy1 galaxies. The data
used in this work comes from XMM-Newton covering the energy range of 0.2 to 10 keV. Details
of this work will be presented.

ASI2023 191 Arijit Sar Poster
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Modeling the Accretion Disk-Corona System in Seyfert Galaxies to Interpret X-ray-Ultraviolet
Observations from AstroSat.

The spectral and temporal properties of X-ray/ultraviolet (UV)/optical emission from active
galactic nuclei (AGNs) are key to understanding the nature of inflow toward their central super-
massive black hole (SMBH). While the optical-UV emission is from the accretion disk the X-rays
are presumably through inverse-Compton scattering of disk photons by a compact energetic
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particle distribution, termed "corona", located near the disk. AstroSat, India's first multi-
wavelength space telescope, has been observing several AGNs simultaneously at X-ray and UV
wave bands. Similar observations at different wave bands have been carried out by other
observing facilities in the past. In order to interpret the spectral and temporal data accumulated
by those observations, we present a theoretical model of the AGN accretion disk-corona system,
in which fluctuations propagate down the accretion disk towards the central SMBH, resulting in
the intrinsic variability of the disk emission. In addition, part of the coronal X-rays heats the disk
and gives rise to additional optical-UV emission, in a process termed "reprocessing". The amount
of reprocessed emission depends on the geometry of the disk-corona system. We compare the
emission spectrum and variability simulated in our model to the observed data in order to put
meaningful and stringent constraints on the structure and emission mechanisms of the accretion
disk-corona system in Seyfert galaxies.

ASI2023_133 Arpan Pal Poster
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Spectro-temporal modeling of Fast Radio Burst polarization parameters

Fast Radio Bursts (FRBs) are bright milliseconds duration radio transients, mostly extragalactic in
origin. Till today, among a pool of proposed emission mechanisms, the exact emission
mechanism is unknown. The polarization properties of bursts and their variation can provide
stringent constraints on the emission mechanisms and the local and intervening medium and
magnetic fields. For most of the early detections of the FRBs, we don’t have polarization
properties measured. The small measured sub-sample shows significant linear polarization and
some shows mixture of linear and circular polarization. Experiments such as the Canadian
Hydrogen Intensity Mapping Experiment Fast Radio Burst project are now saving raw voltage
data for a large sample of FRBs allowing population-wide studies of polarization properties. A
nearly automated polarization pipeline for CHIME/FRB measures the polarization properties by
fitting a polarization and instrumental calibration model to time-averaged Stokes Q,U,V spectra.
But FRBs with complex structures, especially from repeating FRB sources, can be problematic to
handle as the time-averaged spectra will not retain the sub-burst information. For some FRBs,
like reported in Xu et al. 2022 and Cho et al. 2020, we see a variations in polarization properties
between sub-bursts. We are expanding the existing pipeline to do a spectro-temporal fit for Q,
U, and V spectra with multiple sub-components. We will present the framework for the
polarization pipeline and preliminary results from the polarization fitting of FRBs
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ASI2023_435 Arunima Banerjee Poster
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Identification of Grand-design and Flocculent Spirals from SDSS using Deep Convolutional
Neural Network

Spiral galaxies can be classified into the {\it Grand-designs} and {\it Flocculents} based on the nature of
their spiral arms. The {\it Grand-designs} exhibit almost continuous and high contrast spiral arms and are
believed to be driven by stationary density waves, while the {\it Flocculents} have patchy and low-
contrast spiral features and are primarily stochastic in origin. We train a Deep Convolutional neural
network (DCNN) model to classify spirals into {\it Grand-designs} and {\it Flocculents}, with a testing
accuracy of S\mathrm{97.2\%}S. We then use the above model for classifying S\mathrm{1,354}$ spirals
from the SDSS. Out of these, S\mathrm{721}S were identified as {\it Flocculents}, and the rest as {\it
Grand-designs}. Interestingly, we find the mean asymptotic rotational velocities of our newly classified
{\it Grand-designs} and {\it Flocculents} are $218 \pm 86 \mathrm{\;Km\; s*{-1}}S and $146 \pm 67
\mathrm{\;Km\; s*{-1}}$ respectively, indicating that the {\it Grand-designs} are mostly the high-mass
and the {\it Flocculents} the intermediate-mass spirals. This is further corroborated by the observation
that the mean morphological indices of the {\it Grand-designs} and {\it Flocculents} are $2.6 \pm 1.85
and $4.7 \pm 1.9S respectively, implying that the {\it Flocculents} primarily consist of a late-type galaxy
population in contrast to the {\it Grand-designs}. Finally, an almost equal fraction of bars $\sim$ 0.3 in
both the classes of spiral galaxies reveals that the presence of a bar component does not regulate the
type of spiral arm hosted by a galaxy. Our results may have important implications for formation and
evolution of spiral arms in galaxies.

ASI2023_724 Arvind Balasubramanian Poster
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Radio search for kilonova afterglow of GW170817 : Late time follow-up till 4 years after the
merger

GW170817 is the first binary neutron star merger detected in gravitational waves and photons, giving
rise to the field gravitational-wave multi-messenger astronomy. The initial UV-optical-IR emission,
termed the kilonova, verified that binary mergers are also sites for production of heavy elements in the
universe, apart from the already known supernova mechanism. A delayed X-ray and radio non-thremal
afterglow was observed from this source. Radio observations of the non-thermal (afterglow) emission
have provided crucial insights into the structured jet launched after the merger, the geometry of the
merger, and the density of the circum-merger environment. The kilonova ejecta is hypothesized to
interact with the interstellar medium at late times to produce non-thermal emission that will be visible
in the radio wavelengths. | will be presenting our published late time radio observations of GW170817
carried out in search for the expected kilonova afterglow rebrightening. | will also discuss the constraints
these observations have placed on the properties of the dynamical ejecta and the neutron star equation
of state.
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ASI2023_206 ATHAR AHMAD DAR Poster
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Probing the FSRQ photon environment through VHE studies

Recent VHE detection of FSRQs at high redshift besides exposing the universe is more transparent
to VHE gamma rays than it was expected, it has also questioned the plausible VHE emission
mechanism. Particularly, for FSRQs the gamma-ray emission is attributed to the external Comp-
ton process (EC). The widely studied external photon fields are IR dust emission, broad line
emission, and the emission from the accretion disk. We perform a detailed spectral study of
fermi-detected FSRQs using syn- synchrotron, synchrotron self Compton (SSC), and EC emission
mechanisms. The simultaneous data is statistically fitted under these emission mechanisms. The
source VHE flux predicted by the best fit model is accounted for extragalactic background light
(EBL) induced absorption. The observed VHE flux is then compared with the sensitivity of the
CTA. The results of the spectral fitting and its validation based on future VHE detections will be
discussed.

ASI2023_404 Atharva Bagul Poster
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Cygnus A Obscuring Torus: lonized, Atomic or Molecular?

The prototypical powerful FR Il radio galaxy Cygnus A fits extremely well into the quasar/radio
galaxy unified model: high polarization with an angle almost perpendicular to the radio jet and
polarized flux showing broad permitted lines. It has been claimed that ionized gas in the torus
reveals a very clear torus shape via Bremmstrahlung emission. We rule out the later with an
energetic argument and constrain the molecular and atomic gas properties with existing
observations. The atomic absorption against the core has been shown to match the X-ray column
only if the spin temperature is an implausible T_s = 1x1076 K. This points to a molecular medium
for the X-ray column log(N_h [cm”-2]) ~ 23.5. Yet no low-J CO absorption is detected to sensitive
limits. The non-detection is surprising given that this powerful radio galaxy hosts a luminous,
dust-obscured active nucleus and copious warm molecular hydrogen. These conditions suggest
a detectable level of emission. Furthermore, the torus X-ray column density suggests detectable
absorption. We explore various possibilities to explain the lack of a signature from cold CO.
Specifically, the radiative excitation by the radio core renders low-J CO absorption below current
sensitivities, and the high-J levels are well-populated and conducive to producing absorption. We
test this hypothesis using archival Herschel/SPIRE FTS observations of Cygnus A of high-J CO lines
(14 >= ) >= 4 transitions). Still, high-J CO lines are not detected but the limits are inconclusive.
ALMA observations near its high-frequency limit can be critical to obtaining the signature of the
molecular line of the torus of Cygnus A.
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ASI2023_477 Athira M Bharathan Poster
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Multi-wavelength emission from candidate neutrino blazars during different activity states

The broad band spectral energy distribution (SED) of blazars shows a two-hump structure.
Understanding blazar SEDs has become increasingly possible over the last decade due to the
capability to acquire near simultaneous data from low energy radio to high energy gamma-rays.
Though the low energy hump in the broad band SED of blazars is understood to be from
synchrotron emission processes, the origin of the high energy hump in the SED is under debate
between two scenarios, namely leptonic and hadronic processes. Though the observed SEDs of
blazars are generally explained by leptonic models, hadronic or lepto-hadronic models too are
invoked in some sources. To put constraints on the high energy emission mechanism(s) in blazars,
we have carried out an investigation on the broadband SEDs of a sample of blazars that are
known to be neutrino candidate sources. These sources are good candidates to test blazar
emission models due to the recent observation of close association of IceCube neutrino detection
with a flaring blazar in the gamma-ray band. Results of our analysis on the SEDs of candidate
neutrino blazars will be presented in the conference.

ASI2023_703 BAHEEJA C Poster
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The Physics behind the X-ray spectral curvature in blazars

The radiative loss interpretation for the broken power-law spectra of blazars is often questioned
since the difference between the indices does not support this inference. MKN 421 is one of the
extensively studied high energy peaked blazars with its synchrotron component peaking at soft
X-ray energies. The X-ray spectra, therefore, exhibits significant curvature and the spectrum is
well described by a log parabola or a smooth broken power-law. Using a smooth broken power-
law spectral fit, we show that the spectral indices before and after the characteristic photon
energy are strongly anti-correlated which strongly refutes the radiative loss interpretation of
spectral break. Further, the spectral curvature measured at the characteristic photon energy
indicates an anti-correlation with the low energy spectral index while the high energy spectral
index shows a positive correlation. These findings further question the validity of the radiative
loss interpretation of the characteristic photon energy. We also approach to find alternative
scenarios for the X ray spectral curvature by considering the electron distribution accelerated
under shock process.
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ASI2023_80 BITAN GHOSAL Poster
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Estimation of variability time scales using hadronic and leptonic interaction time-scales in
blazars

Blazars are well known for their continuous non-thermal electromagnetic radiation and aperiodic
flux variability across the entire electromagnetic spectrum. The variability is observed over a wide
range of time scales varying from few minutes to several years. However, the physical processes
operating in the blazar jet are still an open question. There is a long debate on the possible origin
of the high energy emission whether it is leptonic, or hadronic. In this presentation, an estimation
of the various time scales involved in the feasible hadronic and leptonic interactions in blazar jet
and their influence on the typical variability time scales will be discussed.

ASI2023_602 CHANDAN KUMAR DAS Poster
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Study of brightest GeV flare observed from PKS B1424-418 and its implications on neutrino
emission.

IceCube Collaboration has discovered very high-energy extraterrestrial neutrinos, which leads to
the question, "Where and How are these high-energy neutrinos produced ?" The tentative
association of high-energy neutrinos with flaring blazars has previously been suggested. The
gamma-ray photons and neutrinos may be generated due to the photo-hadronic process in
blazars indicating proton acceleration in relativistic jets. It had been demonstrated previously
that a single source (PKS B1424-418) might explain the spatial and temporal coincidence of the 2
PeV neutrino event (IC35) during its major outburst (2012 Jul 16 to 2013 Apr 30). Interestingly,
blazar PKS B1424-418 began flaring again in July 2021 and continued, generating a greater flux
than the previous Fermi-LAT's flaring episode at the energy range of 100 MeV to 300 GeV. Here
we present a comparison of the recent flare with the earlier flare, which coincided with the 2 PeV
neutrino event (IC35).

ASI2023_167 Devanand P U Poster
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Study of X-Ray Intraday Variability of HBL Blazars Based on Observations Obtained with XMM-
Newton

We present an extensive study on the X-ray intraday variability of 10 teraelectronvolt-emitting
high synchrotron peaked blazars (HBLs): 1ES 0229+200, 1ES 0414+009, PKS 0548-322, 1ES 1101-
232,1H1219+301, H 1426+428, Mrk 501, 1ES 1959+650, PKS 2005-489, and 1ES 2344+514 made
with 25 XMM-Newton pointed observations during its operational period. Intraday variability has
been estimated in three energy bands: soft (0.3—-2 keV), hard (2—-10 keV), and total (0.3-10 keV).
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Although seven out of 10 teraelectronvolt HBLs exhibited some intraday variability at 3o levels,
no major variations exceeding 6% were detected. We explored the spectral properties of the
sample by extracting the hardness ratio from the soft and hard bands; no significant variations in
the hardness ratio were observed in any source. We performed power spectral density analyses
on the variable light curves by fitting power laws, yielding slopes lying in the range of 1.11-2.93
for different HBLs. We briefly discuss possible emission mechanisms and carry out rough
estimates for magnetic fields, electron Lorentz factors, and emission region sizes for seven of
these HBLs.

ASI2023 723 Dheerajkumar Khonde Poster
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Probing the multiphase circumgalactic medium of a galaxy at z~0.4

The study of the circumgalactic medium is crucial to understand galaxy evolution and dynamics.
We use the spectroscopic data, from the Cosmic Origins Spectrograph on the Hubble Space
Telescope, of a background quasar, TEX 0206-0438, probing the circumgalactic medium in an
absorber system at a redshift of 0.4. It has a large neutral hydrogen column, log [N(H I)] = 18.7,
thus categorizing it as a sub-damped Lyman alpha system. We measure the column densities, the
Doppler-b parameter, and velocity relative to the observer for several strongly detected metal
species. Our photoionization models and inferred metallicity and densities suggest that the
absorber system is, in fact, multiphase. We further study the integrated field unit data, from the
Multi Unit Spectroscopic Explorer of the Very Large Telescope, centered on the target quasar and
after careful quasar PSF (point spread function) subtraction, we find a galaxy on top of the quasar
(GOTQ) at the same redshift as the observed absorber system. This means that the multiphase
absorber system is a part of the circumgalactic medium of this GOTQ. We are probing the
properties of this GOTQ to further understand the origin of absorbing gas and thus the evolution
of these galaxies.

ASI2023 442 Dimple Panchal Poster
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Signatures of Collapsars in High Redshift Short GRBs

GRBs are classically categorized into two types - short bursts (T90 < 2 sec) and long bursts (T90 >
2 sec) based on their gamma-ray emission duration. It is widely accepted that the two
populations originate from two distinct progenitor channels residing in different host galaxy
environments. However, the characteristics of two short GRBs (090426 and 200826A) hinted
toward collapsar as plausible progenitors as opposed to compact object mergers. These short
GRB:s lie at a relatively higher redshift as compared to the median redshift (z=0.47) of short GRBs.
We investigate the properties of short GRBs at low and high redshifts employing the prompt,
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afterglow and host galaxy information. A careful examination of the characteristics of short GRBs
at different redshifts reveals that some short GRBs at high redshifts have properties similar to
long GRBs indicating a collapsar origin. Multi-messenger observations have immense potential
to shed light on this problem. Third-generation Gravitational wave detectors such as Einstein
Telescope and Cosmic Explorer will have the sensitivity to observe binary neutron stars at
redshifts around 1 which will be helpful in understanding the progenitors of GRBs.

ASI2023 646 Disha Sawant Poster
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OMG: Galaxy Morphology Identification for One Million Galaxies

We present galaxy morphology identification from images observed by the HSC Subaru survey.
Each galaxy may have several features, like spiral, dust lane, bar, indications rings, tidal tails etc.
We aim to catalogue one million galaxies with such features. We aim to involve citizens to
overcome the difficulty of examining the vast numbers of galaxy images needed to generate the
catalogue. We have set up an interactive online platform for citizens to participate and detect
features in the galaxy images. A pilot program has been developed and tested online with the
help of amateur astronomers, college students, homemakers, senior citizens, and others. We
also include experts from the field and use their responses for the ambiguous cases which arise
from the rigorous statistics applied to citizens' responses. We use a condition-based statistical
model to identify features of the galaxies, which includes grouping the answers and fitting a
binomial distribution to them to study the probability of future reactions on different features of
galaxies. Based on this analysis, we obtain the minimum number of citizens required to identify
each feature in a galaxy with some confidence value (like 95%). We plan to develop an artificial
intelligence model for the identification of morphological features using the data obtained
through the One Million Galaxies program. The project would serve two goals: spreading
knowledge and awareness among amateur astronomers and building a full-fledged catalogue for
scientific purposes.

ASI2023_202 Gaurav Waratkar Poster
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Sifting for electromagnetic counterparts to LIGO-Virgo Gravitational Wave triggers using
AstroSat-CZTI

The detection of a short GRB associated with GW1708017, along with other unprecedented
multi-messenger follow-up observations, provided tremendous amounts of information on these
evasive compact object mergers. This joint short GRB with GW detection established that binary
neutron star mergers are indeed short GRB progenitors. Certain theoretical models allow for
electromagnetic emission associated with binary black hole (BBH) mergers as well - indeed,
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Fermi-GBM had detected a weak signal temporally coincident with GW150914, the first BBH
merger detected. By detecting over 500 GRBs since launch, the Cadmium Zinc Telluride Imager
(20-200 keV) onboard AstroSat has been serving as an active all-sky Gamma-Ray Burst monitor.
Here we present a review of our searches for GRBs coincident with gravitational wave (GW)
triggers from the three LIGO-Virgo-KAGRA (LVK) Gravitational Wave Transient Catalogues
(GWTC). Of the 90 LVK triggers, CZTI was in the South Atlantic Anomaly for 16 triggers. For the
remaining 74 triggers, we undertook a systematic search for temporally coincident transients
that was performed at different timescales and led to the detection of no X-ray counterparts. We
evaluate the upper limits on maximum possible flux from the source in a 100s window around
each trigger, consistent with the GW localisation of the event. Thanks to the high sensitivity of
CZTI, these upper limits are highly competitive with those from other spacecraft. We use these
upper limits to constrain the luminosity function of high-energy counterparts to the GW events.

ASI2023_632 Gowri Govindaraj Poster
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Low redshift calibration of the Amati relation using galaxy clusters

In this work, we use angular diameter distances of 38 galaxy clusters with joint X-ray/SZE
observation to circumvent the circularity problem in the Amati relation for Gamma-ray Bursts
(GRBs). Assuming the validity of cosmic-distance duality relation, we obtain the luminosity
distance from the cluster angular diameter distance and use that to calculate the isotropic
equivalent energy of two different GRB datasets, after restricting the GRB redshift range to z<0.9.
We then check the validity of the Amati relation for both these datasets. The best-fit Amati
relation parameters using galaxy cluster distances as low-redshift anchors are consistent with a
previous estimate for the same dataset. The intrinsic scatter which we obtain for the two datasets
is about 45% and 15%, and is comparable with that found by other distance anchors used to vet
the Amati relation.

ASI2023 172 Habib Ahammad Mondal Poster
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Long term study of the EHBL object 1ES2344+514

Blazars are radio-active Active Galactic Nuclei (AGN), where the relativistic jet is pointed towards
our line of sight. The corresponding broadband spectral energy distribution shows two broad
components. The lower energy component is located in the optical-to-X-ray band while the high
energy component peaks in the gamma-ray regime. Blazars are classified depending on the
position of the peak frequency of the synchrotron component. Extreme high-frequency BL Lacs
(EHBLs) objects show a synchrotron peak frequency above 10717 Hz. 1ES2344+514 is a nearby
blazar having a redshift of z=0.044. It shows intermittent EHBL features- sometimes it behaves
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as EHBL and other times not. This source was detected in VHE by the Whipple 10m telescope
during its bright flare in December 1995. Following the event, few multi wavelength (MWL)
campaigns have been organised to have a better study of the source. During most of these
observations, the source was found to be in a much lower state than the flaring one. The
broadband SED thus obtained describes the source during its low activity. A single zone
synchrotron self compton(SSC) model well described the data in this period. This talk will discuss
the results obtained from the MWL campaigns carried out by the MAGIC collaboration following
the 2016 flare and a much more dense campaign between 2019 and 2021. The main goal of this
2019-2021 campaign is to provide a characterisation of the intermittent EHBL behaviour of the
source.

ASI2023 454 Himanshu Abhay Bhisikar Poster
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Recent Star-forming clumps in NGC 4571: A FUV-ALMA study

We present a multi-wavelength study of the nearby flocculent galaxy NGC 4571 using multi-band
observations taken from the Ultra-Violet Imaging Telescope (UVIT) in the F154W and N263M
filters, the Sloan Digital Sky Survey (SDSS) in the g and r filters and the Atacama Large
Milimeter/Submilimeter Array (ALMA). With the superior spatial resolution of UVIT (FWHM ~
1.4" ~ 101.11 pc), we identified 319 bright young star-forming regions in the UVIT FUV and NUV
bands throughout the galaxy, with their radii between ~ 53 - 500 pc. The masses of the identified
regions span a range between 103 -106 M . We observe a trend of decrease in the mass of
sources with increasing radial distance. We also studied the associations of FUV-detected Star-
forming Regions (SRs) with ALMA-detected Giant Molecular Clouds (GMCs). We find 161 such SR-
GMC associations with their separations ranging between ~ 10 — 200 pc. We observe these SR-
GMC associations to trace the flocculent arms of the galaxy. We derived the radial surface
brightness profiles in the UV and optical bands and the radial SFR density profile of the galaxy.
The radial (F154W - N263M) and the (g - r) color profiles provide further evidence for the
presence of younger and bluer sources more towards the outer parts of the galaxy. We estimate
the total Star Formation Rate (SFR) of the galaxy using the FUV flux corrected for galactic and
internal extinction. The star forming regions are observed to have a clumpy nature in general,
which is also seen in the distribution of molecular gas throughout the galaxy.
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ASI2023_144 Judhajeet Basu Poster
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Real-time detection and studies of extra-galactic novae in M31

A nova is a class of transients that goes into outbursts accompanied by the ejection of matter,
causing an increase in its luminosity in the sky that fades away over several weeks to months.
Novae are interacting binary systems with a white dwarf primary and a main-sequence or
red/sub-giant secondary. Surveys of extragalactic novae, particularly in the nearby Andromeda
Galaxy (M31), have yielded significant insights into the properties of their populations over the
last century. We have initiated studies of novae in the M31 using the GROWTH-India 70 cm
telescope (GIT) located at Hanle to survey M31 to detect novae in outburst as well as at
quiescence, with a particular interest to study recurrent novae. An image subtraction pipeline
has been developed by the GROWTH-India team to perform automated transient detection in
real-time, which is being used to detect and follow up on novae and potential nova candidates in
M31. The pipeline includes downloading images from Pan-STARRS to generate a template and
subtracting it from the GIT image using the ZOGY algorithm. The difference and corrected-score
images are then fed to a candidate vetting and real-bogus classification pipeline to extract
transients. The final step includes flux calculation and reporting the magnitudes along with their
coordinates. All processes are done automatically within minutes of observations. In the
upcoming era of wide-field and multi-messenger time-domain surveys, such an automated
technique will be useful in the study of any transients. The optical photometric data of M31
novae estimated using the described pipeline will be presented. Spectra of a few novae obtained
using the Himalayan Chandra Telescope (HCT) will also be discussed. The results of the multiple
outbursts of the recurrent nova M31N2008-12a, based on optical (GIT+HCT), UV and X-ray
(AstroSat+Swift) data will be discussed.

ASI2023 373 Jyoti Yadav Poster
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Hidden in plain sight: Discovery of large and diffuse star forming galaxy

A low-surface-brightness galaxy, or LSB galaxy, is a diffuse galaxy with a surface brightness that
is at least one magnitude fainter than the ambient night sky. The LSB galaxies may account for
up to 15 % of the mass of the universe. However, they are difficult to study due to the
observational challenges in detecting them because of their inherent faintness. In this study, we
present serendipitous discovery of a nearby diffuse galaxy that shows intense star formation in
its inner disk using Ultraviolet Imaging Telescope (UVIT) and Multi-Unit Spectroscopic Explorer
(MUSE) data. The galaxy was not detected earlier due to its superposition with the background
galaxy NGC 6902A. They were together mistakenly classified as an interacting system. While
studying a known interacting galaxy NGC6902A we noticed that south-west outer region of galaxy
NGC 6902A shows diffuse blue emission. This south-western region shows prominent star
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forming regions in the FUV image. Further investigations revealed that these star forming regions
are at a distance of around 136 million light-years, whereas the distance of NGC 6902A is around
825 million light-years. This means that the diffuse blue emission was from a foreground galaxy,
which we discovered using FUV and MUSE data. We named it UVIT J202258.73-441623.8 based
on the UVIT telescope that helped us to discover the galaxy. Our study suggests that powerful
instruments such as UVIT and MUSE thus opens a gateway to searching for similar cases, where
blue diffuse tidal features in interacting galaxies may not be the remnant of a merger but instead
a separate foreground and/or background galaxy.

ASI2023 368 Karan Dogra Poster
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Optical variability of blazar 3C 454.3

The poster is about the optical variability of blazar 3C 454.3. We have looked for Intra-day variability,
short term variability, colour variations, spectral index and optical SEDs. Variability tests like Nested
ANOVA and power enhanced F-test have been employed together with the discrete correlation function
analysis, to know if two light curves are correlated or not. We will be further extending the study to multi-
wavelength regime, in which we will be looking for the possible presence of QPQO's and will try to support
either leptonic or hadronic model based upon our study of this source.

ASI2023 276 Keerthana S Narayan Poster
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The evolutionary status of newly identified evolved stars in the galaxy M33

Massive stars (> 8 MO) evolve to RSGs, BSGs, LBVs, and WRs depending on the parameters like mass,
convective overshoot, rotation rates, mixing, mass loss, and metallicity. Hence, stellar evolution varies
with different galaxies. M33 galaxy (Z=0.004) is a spiral galaxy in the Local Group which is star resolved
and rich in evolved objects. We newly identified six evolved stars in the galaxy M33 through a preliminary
survey of the LAMOST emission line stars catalog by Shridharan et al. (2021). This work aims to
understand the evolutionary status of those evolved stars using thorough photometric and spectroscopic
analysis. The study is a contribution to get more insight into extragalactic stellar evolution. Initial work
has been performed by utilizing Gaia DR3 photometry where CMD results confirm all of them to be hot
evolved stars and likely to be core helium burning stars with masses approximately between 8 — 40 MO.
Further, these results will be compared with theoretical models to have finer details regarding the
objects. In the second part of the work, we target optical spectroscopy using LAMOST where all spectra
have SNR > 10. We will focus on estimating Teff and L and also, probe prominent line features. A
comparison study will be done between the photometric and spectroscopic results. We intend to extend
this work for a larger sample and determine the HD limit of this galaxy which has been neglected till
today.
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Study of theoretical and observed light curves of classical Cepheids in the Magellanic Clouds

We carried out an analysis of the theoretical and observed light curves of the fundamental mode
(FU) classical Cepheids in the Magellanic Clouds. The observed light curves are taken from the
OGLE-IV database, available in (?, ?)-bands for both the Large Magellanic Cloud (LMC) and Small
Magellanic Cloud (SMC). Theoretical light curves in (?, ?)-bands across the four convection sets
are obtained using state-of-the-art 1D non-linear radial stellar pulsation (RSP) code in MESA
(MESA-RSP), for two chemical compositions: ? = 0.008, ? = 0.742 and ? = 0.004, ? = 0.746,
appropriate for the LMC and SMC, respectively. A comparative study of the Fourier Parameters
(FPs) as a function of period and the multi-phase Period Luminosity (MPPL) relations for short
periods (log ? < 1), long periods (log ? > 1) and all periods obtained from theory and observations
are carried out. It has been observed that there is an overlap among convection sets in the FP
plane, however, a clear distinction is seen in the MPPL plane for most of the phases. MPPL
relations obtained from theory as well as observations are found to be dynamic in nature, with
the effect more pronounced at ® ~ 0.75 - 0.85. Furthermore, a contrasting behaviour of the
theoretical/observed MPPL relations obtained using short and long periods is observed for both
LMC and SMC. It is interesting to note that the MPPL plane is more rigorous in comparing theory
and observations than the FP plane, thus provides a new way to constrain theory of stellar
pulsation.
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Study of Intra-Day Flux Distributions of Blazars Using XMM-Newton Satellite

For LSP and ISP blazars, X-ray emission is probably due to inverse Compton emissions from lower
energy electrons. The emission mechanism is not well understood, and variability could have
imprints of an accretion disc component. Therefore, flux distribution studies of LSPs and ISPs are
important, as such studies are useful for testing models of blazars, which are almost entirely
dominated by the emission of relativistic jets, contrary to the majority of AGNs where the
emission is mostly dominated by the accretion disc. Therefore, the non-Gaussian flux distribution
of blazars, if found on IDV timescales, can be used to test additive models, such as mini jets-in-a-
jet and other scenarios in blazar jets. We present our work on the study of the flux distribution
of a sample of 15 Intermediate and Low-energy peaked blazars using XMM-Newton observations
on short-term timescales. We characterise the X-ray variability of all of the light curves using
excess fractional variability amplitude. In order to characterise the origin of X-ray variability in
these blazars, we fit the flux distributions of all these light curves using Gaussian and lognormal
distributions, as any non-Gaussian perturbation could indicate the imprints of fluctuations in the
accretion disc, which could be Doppler boosted through the relativistic jets in blazars. However,
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intra-day variability, as seen in our observations, is difficult to reconcile using disc components
as the emissions in such sources are mostly dominated by jets. In 11 observations of 4 blazars,
namely, ON 231, 3C 273, PKS 0235+164 and PKS 0521-365, both models equally fit the flux
distributions. In two sources, namely, BL Lacertae and S4 0954+650, the lognormal distribution
is preferred over the normal distribution, which could arise from non-Gaussian perturbations
from relativistic jets or linear Gaussian perturbation in the particle time scale leading to such flux
distributions.
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Exploring the properties of Core Collapse supernova: SN 2018pq

In the universe, supernovae are the most energetic explosions which occur in a certain types of
stars (Mass is greater than 8M©), leaving behind an expanding gaseous remnant and sometimes
a compact object like a neutron star or a black hole. Core Collapse supernovae are caused due to
gravitational collapse of the core of massive stars. In this work, we are trying to characterize the
properties of SN 2018pq by analyzing its light curve and spectrum. SN 2018pq is a Type |I-P
supernova with an approximate progenitor mass estimated to be 15 M©. By doing an analytic fit
on the V- band spectrum, we got a comparatively flatter plateau of ~ 87 days long with a
comparison of other Type II-P supernovae. A prominent P-Cygni profile of the Ha line is visible in
the spectrum which indicates it to have a hydrogen-rich progenitor. Metal lines (like Call NIR
triplet) have been also seen at the late time spectrum which is a typical characteristic of Type II-
P supernovae. We have calculated the luminosity and the Nickel Mass in the nebular phase to be
~1.058x107(41) ergs/s and 0.03+0.005 MO respectively. CSM interaction with supernova ejecta
is not considered while doing modeling on the bolometric light curve of SN 2018pq, it will be
considered in future work.
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ASASSN-14il: A potential SN IIn-P type event

We present long-term photometric and spectroscopic studies of CSM-ejecta Interacting
Supernova ASASSN-14il. It is located in PGC 3093694 at a distance of 88.5 + 6.2 Mpc and the
spectra show a prominent NalD absorption dip at 589.5nm indicating significant host galaxy
extinction. It is a bright supernova reaching a Peak V-band magnitude of ~ -19.7mag in around
47 days from the explosion. The multiband lightcurve along with the pseudo-bolometric
lightcurve shows a distinct plateau rarely seen in type lin SNe which suggests it to be a peculiar
type lIn-P type of event similar to SN 2011ht, SN 2009kn, SN 1994W, and SN 2005cl. The plateau
lasts for >100 days with a tail luminosity decline of ~0.01 mag/day in BgVri bands. The sustained
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plateau suggests a dence CSM structure. A detailed lightcuve modelling confirms the same. The
spectrum shows signs of CSM interaction throughout the SN lifetime along with broader ejecta
wings in the later phases. H-alpha decomposition is done to probe the ejecta geometry. The
photometric and spectroscopic evolution closely resembles other members of type lIn-P class of
SNe.
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Studying Helium Reionization using Metals

The reionization of He Il marks a major change in the thermal and ionization history of the
intergalactic medium (IGM). The reionization process can be probed using ionic column density
ratios of metals with ionization potentials close to that of He Il. Using the best available model
for extragalactic ultraviolet (UV) background, we perform a suite of photoionization models using
the spectral synthesis routine CLOUDY to track the changes to ionic column density ratios of
metals as a function of redshift for the physical conditions that prevail in the IGM. We find that
the column density ratio involving C Il, C 1V, Si Il, and Si IV are most suitable candidates for such
an analysis because they not only are highly sensitive to changes in the UV background but also
have significant redshift path lengths in high-redshift quasar surveys. Motivated by this we search
these ions in a VLT/UVES survey of quasars that contains very high resolution 467 quasar spectra.
We identified around 1228 absorption systems belonging to these four ions and calculated
column density ratios for all combinations. We aim to compare these observational results with
the predicted variation in column density ratios to better constrain the duration of He II
reionization and the spectrum of the He Il ionizing UV background.
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Effect of fluid composition onto the magnetized astrophysical flows

The time-dependent fluid equations can describe a wide range of astrophysical phenomena like
accretion, winds, and jets. The physics of these flows around compact objects are interesting
because of their strong gravity and high magnetic field (like in the case of neutron stars). These
equations are highly non-linear and analytical solutions are prohibitive in most cases. Several
numerical methods to solve fluid equations have been developed so far. Most of the simulation
codes for fluid flow around compact objects are based on the fixed adiabatic index equation,
which can be a poor approximation in astrophysical scenarios, where the flows are often
transonic and trans-relativistic. Also, this equation of state does not take care of the composition
of the plasma. Hence, implementing an equation of state in simulation codes, which governs the
thermodynamics of multispecies plasma, remains an open question. To address this problem, we
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have developed a new MHD simulation code with the equation of state given by Chattopadhyay
& Ryu (2009), which can account for the thermodynamics of the plasma which is a mixture of
electrons, protons, and positrons. Using this code, we show that the plasma composition
significantly affects the dynamics of the flow.
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Dissecting the non-thermal emission in the galaxy cluster Abell 521

Diffuse radio emissions from galaxy clusters termed as radio halos and relics, not associated with
individual galaxies, are the tracers of the different energetic processes (mergers and shock),
happening over a Gyr timescale in the Intracluster medium (ICM). Here we present the first
detailed analysis of the radio halo, the prototypical ultra-steep spectrum radio halo in the cluster
Abell 521, using the Upgraded Giant Metrewave Radio Telescope (UGMRT). This cluster is
experiencing a complex merger and hosts a giant radio halo and a relic. Radio observations over
300 - 800 MHz combined with archival Chandra and XMM Newton data, allow us to study the
physical mechanisms active in this system. Our deep and sensitive images have confirmed the
presence of a second relic situated diametrically opposite to the previous one. We have also
detected a faint extension, a length of ~ 1 Mpc, of the previous relic at both 400 and 650 MHz
images. The integrated radio emission of the entire halo is well described with a power law of a
spectral index = -1.86 £ 0.12, with a radial steepening at the outer regions. Resolved spectral
index map also reveals some small-scale fluctuations over the entire radio halo region, but is
consistent with the integrated spectral index value. Despite a complex elongated structure, the
radio halo is well correlated morphologically with the Chandra and XMM-Newton surface
brightness. Our analysis has shown that the northern part of the radio halo correlates well with
the X-ray emission, compared to the southern one. A sublinear correlation between the thermal
and non-thermal components, along with the radial spectral steepening favors the re-
acceleration of some pre-existing relativistic electrons via turbulence injected through the
mergers, for the origin of the radio halo.
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A uGMRT Study of Diffuse Radio Sources in Abell 2163

Radio halos and relics are diffuse, Mpc-sized sources and are associated with the intra-cluster
medium (ICM) of galaxy clusters. Their synchrotron spectra indicate the presence of ultra-
relativistic charged particles and cluster-wide magnetic fields (“uG levels). The origin of these
relativistic charged particles and magnetic fields is unknown. These sources are commonly found
in the merging clusters, so it is believed that merger-induced turbulence can accelerate the
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charged particles. A huge radio halo (~2.9 Mpc) and a radio relic were discovered in Abell 2163
through VLA (1.4 GHz and 321.5/327.5 MHz) and GMRT (153 MHz and 332 MHz) observations.
Also, a central flat spectrum ridge was found at the location of the cluster merger through GMRT
observations, indicating that the merger can cause acceleration of the charged particles.
However, the full extent of radio halo was not detected in GMRT observations. We present
UGMRT observations of this cluster in the bands 3 (300-500 MHz) and 4 (550-750 MHz). We have
detected radio halo extents of 10 and 12 arcminutes at bands 4 and 3, respectively and also found
a region of the flat spectrum at the merger location in the radio halo. At the location of the radio
relic, an X-ray shock front was detected. We provide the integrated spectral index of the radio
relic, which is consistent with the typical spectral indices of the radio relics that are found at the
shock locations. We discuss the results in the context of the complex merger that the cluster is
undergoing and the proposed theoretical models for the origin of radio halos and relics.
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Accretion onto supermassive black holes and M-? relation

It is well known that mass of a supermassive black hole (SMBH) correlates with velocity dispersion
of the spheroidal component of its parent galaxy, and it likely correlates with the dark matter
halo mass as well. Motivated by the existence of such correlations, we study the growth of a
central black hole through accretion of matter into a general potential that includes the potential
due to the dark matter halo. We find critical points of the flow and derive a relation for the mass
accretion rate. Using this we estimate the growth rate of SMBH as a function of the growth rate
of its parent halo and find a general relation between the mass of SMBH and halo. We further
study the time evolution of this relation and compare with the observations.
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Study of different rare sub-classes of radio galaxies using recent all-sky surveys

We aim to summarise our efforts to look for candidates for different rare sub-classes of radio
galaxies using recent all-sky surveys (such as TGSS, FIRST, LoTSS etc.). Taking advantage of a large
number of new sources of different sub-classes (like hybrid morphology radio galaxies, winged
radio galaxies, head-tailed radio galaxies, etc.), we also studied various statistical properties of
these sources. Recently, with the help of different all-sky surveys, we discovered the largest
number of rare classes of radio galaxies. With the help of the Very Large Array (VLA) Faint Images
of Radio Sky at Twenty-cm (FIRST) survey, we discovered 296 winged radio galaxies with X and Z-
shaped structures (Bera, Pal et al., 2020). We discovered 717 head-tailed radio galaxies (a
peculiar morphology of radio galaxies, with C and V-shaped) (Bera, Pal et al. 2022) and the largest
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number of thirty-three rarely found morphologies of radio galaxies known as hybrid morphology
radio galaxies (HyMoRS) (Kumari & Pal 2022) with the help of the same survey (FIRST). HyMoRS
exhibited a mixed morphology of radio galaxies, i.e., on one side it possesses FR-I structure, and
on the other side FR-Il structure can be seen in the structures of HyMoRS. A detailed study of
fifty-eight sources, discovered from the TIFR GMRT Sky Survey, is presented in the recently
published paper (Bhukta & Pal 2022). In this paper, we studied the evolution of winged radio
galaxies and various types of radio galaxies with their measured linear sizes. With the help of the
LOFAR Two-meter Sky survey, we also catalogued a list of fifty-five head-tailed radio galaxies (Pal
& Kumari 2022). A list of 267 head-tailed radio galaxies was also discovered using the TIFR GMRT
Sky Survey (Bhukta & Pal, 2022).
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Possible reflection dominated spectra of GRS 1915+105 during its unusual low/hard state using
AstroSat

Since its discovery in 1992, GRS 1915+105 has been among the brightest sources in the X-ray sky.
However, in early 2018, it dimmed significantly and has stayed in this faint state ever since. We
report on AstroSat observation of GRS 1915+105 in its unusual low/hard state during May 15-16
2019. We performed time-resolved spectroscopy of sporadic X-ray flares observed in this state
and found that the spectra can be fitted well either with high absorption or by relativistic
reflection models. Our reflection dominated spectra is very similar to that of reflection
dominated spectra of AGN’s in low flux state.
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Understanding the FR divide by the uGMRT polarisation study of a HYMOR/RI/BALQSO
PG1004+130

Hybrid radio morphology (HYMOR) sources are the touchstone for addressing the Fanaroff-Riley
(FR) divide in AGN jets as they exhibit an FR type | (FRI) jet on one side of the core and an FR type
Il (FRII) on the other. | will present results from the first polarisation-sensitive uGMRT
observations at 694 MHz of the well-known radio-intermediate (Rl), hybrid morphology (HYMOR)
and broad absorption line (BAL) quasar, PG1004+130. These observations reveal extensive
polarised emission in the lobes and jets of this source. Our total intensity images suggest that
PG1004+130 is a restarted source. Based on our polarised intensity images as well as archival
Chandra X-ray data, we find indications that both the previous jet episode and the present one
are from an FRIl source. We discuss the implications of this finding on our understanding of the
FR divide.
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Photometric Properties of galaxies in Abell 426

We present photometric properties of 183 member galaxies in the Abell 426 cluster using the
Sloan Digital Sky Survey (SDSS) imaging and spectroscopic observation. Detailed morphology
based on visual classification followed by multi-component image decomposition of 179 galaxies
is presented in the SDSS g, r, i-bands. More than 80% of the members are Early-type galaxies
(ETGs), with elliptical, dwarf elliptical (dE), and lenticular morphology and follow the red-
sequence in the color-magnitude diagram (CMD). With a few dEs and spirals in the blue cloud,
the cluster CMD is nearly unimodal. The dEs are ~ 2-mag fainter and follow a different Sersic
index and central velocity dispersion distribution than their bright counterparts. Further, we
establish the Kormendy relation (KR) and the Fundamental Plane relation (FPR) for 5 different
samples of ETGs constructed based on derived physical parameters such as Sersic index,
concentration, central velocity dispersion in g, r, i-bands. The mean r-band slope and zero-point
of the KR are 3.02 £+ 0.1 and 18.65 + 0.03 in close agreement to other cluster ellipticals in the local
and higher redshift. Kinematics-based ETG sample produces the least scatter in KR with zero-
point getting brighter by ~ 1.3 mag from g to i band. The dEs and other low-mass ETGs follow
the KR with a similar slope but with ~ 1.3 mag fainter zero-point and form a parallel KR.The bright
ellipticals follow an FPR with ? =1.37 £ 0.003, ? =0.35 £ 0.05 and ? =-9.37 £ 0.02 in the r-band;
galaxies tend to deviate from this relation at the low-mass end. A catalog with morphology and
2D structural analysis is available online.
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Multiwavelength study of Gamma Ray Burst Afterglow.

The multiwavelength (MW) modeling of gamma-ray burst (GRB) afterglow is an important tool
to study and shed light on underlying physical mechanisms that produce the GRB. Moreover, the
high energy (GeV) emission that occurs late in the afterglow phase has rarely been observed in
GRBs. The GeV emission at late times during the afterglow from a binary merger may open a new
window to study Kilonova. They might also give some idea about how the GRBs produced in
binary mergers are different from GRBs from other progenitors. Here we present MW afterglow
modeling of a few recent GRBs.
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Luminous type la supernova SN 2013bz.

We present photometric and spectroscopic studies of type la supernova SN 2013bz in PGC
170248. The observations range from ~ +6 to +69 d with respect to the maximum light in the B
band. SN 2013bz reached a maximum brightness of 15.71+/- 0.04 mag in the B band on JD 245
6409.5 +/- 0.8. The decline rate parameter is estimated as 0.92 +/- 0.04 mag, which is smaller
than that of a typical SN la. The absolute magnitudes at maximum in B and V bands are estimated
as -19.61 +/- 0.20 mag and -19.70 +/- 0.20 mag, respectively. The peak bolometric luminosity is
derived as log L bol = 43.38 +/- 0.06 erg/s. This suggests that 0.96 +/- 0.24 solar mass of
radioactive 56Ni was synthesized in the explosion. The spectral and velocity evolution of SN
2013bz is similar to a normal SN la. Though SN 2013bz was suggested to be a super-
Chandrasekhar (09dc-like) type la object, but our analysis shows that SN 2013bz is a slow-
declining, luminous event with photometric and spectral characteristics similar to normal SNe la.
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Detection of Quasi-Periodic Oscillations in the Blazar S4 0954+658

We report the detection of several quasi-periodicities around 0.6—2.5 days in the optical emission
of the blazar S4 0954+658. The source was observed by the Transiting Exoplanet Survey Satellite
(TESS) in six sectors, and it showed these features in all but one of them, with a QPO of 1.52 days
apparently present in portions of four of them. We used the generalized Lomb-Scargle
periodogram method to search for significant signals and we confirmed them using a weighted
wavelet transform for time-frequency domain analyses. We discuss several possible explanations
for these rapid quasi-periodic variations and suggest that an origin in the innermost part of the
accretion disk is most likely. Within this framework we provide estimates for the mass of the
black hole at the core of this blazar.
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Repeating FRBs with the uGMRT

Fast Radio Bursts (FRBs), a class of short-duration highly energetic dispersed extragalactic radio
signals, have been detected at different radio telescopes. Even though the bursts are mostly one-
offs, repeating bursts have been observed from the source of more than 20 FRBs till now. The
identification of the repeating nature of an FRB may strongly depend on the instrumental
sensitivity. The uGMRT being significantly sensitive compared to the major FRB discovering
telescope (e.g. CHIME and ASKAP), it can probe the inferred scaling of repetition rate with fluence

150




in a possibly unexplored regime. In addition, an instantaneous wide frequency coverage of the
UGMRT (250-1460 MHz), provides an unprecedented view of burst spectral and polarisation
properties to differentiate between various progenitor models. Using uGMRT we investigate the
inherent properties, such as wide-band spectral structure, variation of burst rate with time and
frequency, duration of the active-window and scintillation time-scale at different frequencies,
temporal-variation of dispersion measure and rotation measure, of some of the repeating FRBs,
which in turn will be extremely useful to constrain the origin of the radio emission. Initially, we
have focused on two repeaters FRB121102 and FRB180916 detected at Arecibo and CHIME with
a periodicity of 157 days and 16 days respectively. In this presentation, we report results from 60
hours of observations over 550-1460 MHz for FRB121102 and 126 hours of observations over
250-1460 MHz for FRB180916. Using the bursts detected from these observations, we highlight
the prospect of wide frequency coverage of uGMRT allowing us to probe the scaling of emission
bandwidth of the bursts and its consistency with propagation through turbulent plasma as well
as whether the spectral structure could be due to plasma lensing. In addition to limited emission
bandwidth, the frequency evolution of downward drifting of sub-pulses is also being explored.
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Constraining different DM Halo profiles from HI observation of GARCIA galaxies.

It is well known that there is a discrepancy between the observed galaxy rotation curve and the
theoretical prediction, which implies the disagreement between the amount of mass inferred
from the rotation curves of galaxies and the visible group in the form of stars and gas. Also, other
evidence led to introduce the concept of dark matter that interacts with baryonic matter
gravitationally. Since then, various Dark Matter halo profiles have been proposed, such as NFW,
pseudo-isothermal (pISO), Burkert, etc. Pengfei Li et al. (2020) have studied different halo models
for SPARC (Spitzer Photometry & Accurate Rotation Curves) galaxies and found that cored halo
models, such as the DC14 and Burkert profiles, generally provide better fits to the rotation curves
than the NFW profile. Biswas et al. (in prep) presented 3D kinematic modeling of a pilot sample
of eleven galaxies from GARCIA and used Navarro-Frenk-White profile for dark matter halo. We
have used the halo profile like pISO and Burket for the samples of GARCIA-I (GMRT archive atomic
gas survey). Comparing these results, we can conclude which DM profiles fit best for these
GARCIA galaxies.
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Interpretation of GRB spectrum as an evolving Fireball

The time-averaged spectrum of Gamma-Ray Burst(GRB) is often well fitted by an empirical
smooth broken power-law function terms as Band model. However, the physical interpretation
of this Band function is still being debated. Two competitive models are the synchrotron emission
from a non-thermal particle distribution accelerated at a shock front (synchrotron shock model)
or a relativistically expanding fireball with a predominant thermal spectrum. Successful
explanation of many GRBs using a multi-temperature black body spectrum support the later
while significant detection of polarised emission from the GRB favors the synchrotron shock
model. We perform a detailed study of the evolving fireball model with its temperature evolving
as a function of its radius. The numerical code developed under this scenario is coupled with X
Spec as a local model and used to fit the time-averaged spectrum of GRB xxx. The main fit
parameters are the photospheric temperature and radius, the Lorentz factor of the expansion,
and the index describing the temperature evolution. The best-fit parameters obtained are
critically analysed to validate the fireball model.
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The hot graphite dust in AGN NGC 4151

We focuses on hot dust modeling in AGN NGC 4151 and analyzed the dust sublimation zone,
considering the accretion disk as the primary emission. We have used SKIRT code, a 3D radiative
transfer code to model the dust emission of the NGC 4151 AGN. In order to explain the observed
IR SED of NGC 4151, we considered two models. The first model is the "Torus Only’ model (TO
model hereafter), which consists only of a torus geometry consisting of ISM dust. The second
model is the ‘Ring and Torus’ model (RAT model hereafter), composed of a ring of large graphite
dust with sizes 0.1 - 1 um, which is incorporated between the torus and dust free BLR. We vary
the inclination angle (i), inner radius (of the torus and the ring, Rin,t and Rin,r, respectively), torus
half-opening angle (o), optical depth (19.7,t of the torus and 19.7,r of the ring), and the dust clump
size (Rclump). We perform a statistical analysis of the parameter space and find that all models
can explain the flat NIR SED of NGC 4151 with only minor variations in the derived parameters.
For the TO model, we get Rin,t = 0.1 pc, 0 =30°% i=53° 1t 9.7,t = 10, and the clump size, Rclump
= 0.4 pc. For the smooth RAT model, Rin,r =0.04 pc and t1_9.7,total = 11 and for the clumpy RAT
model, Rin,r = 0.04 pc/0.06 pc and 19.7,total=20. The Rin,t from the TO model disagrees with the
NIR observations (~0.04 pc). Hence, the most likely scenario is that a hot graphite ring is located
at a distance of 0.04 pc from the centre, composed of a smooth/clumpy distribution of dust
followed by a dusty torus at 0.1 pc with an interstellar medium type of grains.
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Detectability of metals in the low-z IGM

We explore the effect of galactic feedback processes and background-radiation-field(UVB) on the
detectability, gas phase distribution, and physical conditions of metal species such as CIV, OVI,
and NeVlll in low-z IGM. We use three different cosmological hydrodynamical simulations with
varied feedback prescriptions at z=0.5. The gas fraction in different density-temperature-phases
changes significantly due to variations in feedback, especially the inclusion of AGN feedback
increases the metal enrichment in lower overdensities. As most of the absorption comes from a
combination of various density-temperature regions, variation UVB introduces two effects, firstly
the column density of absorbers changes even if the same number of components are present
and secondly, new absorbing components become significant for lower-intensity UVB.
Comparing different simulations we find AGN-feedback is necessary to reproduce the observed
OVI Column-density-distribution-function(CDDF). For the first time, we show Voigt profile fitted
column densities of simulated OVI absorbers produce CDDF in good agreement with the low-z
observation. The variation in feedback in simulation with AGN feedback can mimic the effect of
UVB variation. Therefore, one needs to compare more observables (like HI-metal association, the
association between different ions, and their spatial clustering) with the simulations to draw
robust conclusions on the feedback processes and/or intensity of the ionizing radiation field. The
HI-OVI association is enhanced in lower-intensity UVB for simulations having AGN-feedback but
the opposite trend is observed for simulations having only stellar-feedback. Analysis of
associated absorption in CIV and NeVIll indicates the effect of feedback on different observables
is more significant than the effect of UVB, reflecting their physical origin to be high-density-low-
temperature and low-density-high-temperature gas respectively. We find OVI originates
predominantly in low-density photoionized gas for simulations with AGN-feedback and from
higher-density collisionally ionized gas for simulations without it.
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Gamma-ray burst (GRB) prompt emission polarimetry with proposed Indian high-energy
transient monitor — Daksha

Gamma-Ray Bursts (GRBs) are the strongest explosions to probe the extreme nature of the
Universe. Extensive studies of GRBs over a few decades have led to a broad understanding of the
phenomenon and the central engine driving it. However, the details remain murky: in particular,
there are many open questions about the physics of emission in the prompt phase of the GRB.
Spectral and temporal properties of this prompt emission are consistent with multiple models
like the synchrotron model (ordered and random), Compton drag model, Photospheric model,
etc. New observations are necessary to break this deadlock between models. One such
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observable is the polarisation of high-energy photons: these models predict different ranges of
polarisation fractions for GRBs. Polarisation measurements of a large number of GRBs will allow
us to establish the underlying model of GRB prompt emission conclusively. However, high-energy
polarisation measurements are extremely challenging, and only a few instruments have been
able to undertake such a study to date. The proposed Daksha mission has excellent capabilities
to accurately measure polarisation of GRBs. Daksha utilises CZT detectors to measure
polarisation, building upon the legacy of AstroSat CZTI. The all-sky coverage of Daksha ensures
that bright GRBs will not be missed. The hemispherical design implies that many detector
packages can measure polarisation with different angles of incidence, giving control over
systematics. Over five years of observations, Daksha will be able to single-handedly measure
polarisation of 40-50 bursts, enough to conclusively distinguish between the models above. In
this talk, | will introduce the proposed Indian mission Daksha, discuss details of the polarisation
measurement using Compton scattering of incoming photons, and discuss how it will help us
probe the physical processes associated with GRBs.

ASI12023_244 SURAJ CHAURASIA Poster
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Probing GRS 1915+105 with simultaneous AstroSat and Insight-HXMT Observations

In this work, we have analyzed simultaneous AstroSat and Insight-HXMT observations of the low
mass X-ray binary GRS 1915+105 from July 2017 when the system exhibited the Heartbeat state.
We performed flux resolved spectroscopy on the source after dividing the data into 20 segments.
The cross correlation between lightcurves from LAXPC (Onboard AstroSat) and LE (Onboard
Insight-HXMT) for each segment shows that the instruments are in calibration with each other
and the lightcurves are simultaneous. The broad band flux resolved spectra (0.7-40 keV) for each
segment obtained from various instruments onboard both the satellites can be described by a
truncated accretion disk along with thermal comptonization and reflection.

ASI2023_730 Sushant Kumar Poster
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Extreme Variability in a FeLoBAL quasar

Quasar outflows contribute significantly to the growth of the central supermassive black hole,
the evolution of the host galaxy, and the chemical enrichment of the intergalactic medium.
Outflows from the accretion disk of AGN contribute significantly to AGN feedback. The quasar
outflows are manifested by blue-shifted broad absorption lines(BALs). The variability studies BAL
quasars are very useful for understanding the physical conditions and dynamics of the gas in the
regions close to the central engine and to evaluate their importance as a source of feedback for
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galaxy formation and co-evolution. The possible origins of the variabilities in BALs usually
discussed in the literature are large variations in the ionizing flux of the quasar or the change in
the covering fraction of the absorbing cloud due to the transverse motion of the outflow crossing
our line of sight. Time variability studies of quasars showing BAL variability are important for the
understanding of the nature and origin of the flow, and the dynamical evolution of the outflow.
We studied the extreme continuum and absorption line variability in a FeLoBAL quasar, a rare
transition object showing extreme variability in two epoch spectra of SDSS. We found the
absorption line variations are driven by continuum changes in this quasar showing extreme
absorption line variability. We did the photo-ionization simulations to estimate the column
density and ionization parameter. Using these estimates we determined the kinematic
parameters of BAL outflow. For our study, we used the archival data from the SDSS as well as the
data from the Himalayan Chandra Telescope(HCT) and the Hobby-Eberly Telescope(HET) for
studying spectral line variability. For continuum information, CRTS, PTF, ZTF, GAIA, and Pan-
STARRs data are used.

ASI2023_676 Sushanta Kumar Mondal Poster
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AN EXTENDED SAMPLE OF X/Z-SHAPED RADIO GALAXIES FROM TGSS ADR1

A radio galaxy shows a pair of relativistic radio jets emerging from the central black hole or active
galactic nucleus (AGN), directed in opposite directions. In a very small subclass of radio galaxies
(3—10 %), in addition to the primary jet pair, another extra pair of radio jets or wings is visible,
which is known as winged radio galaxies. Winged radio galaxies are classified into two major sub-
classes based on the alignment of the secondary lobes with respect to the primary lobes: X-
shaped radio galaxies (XRGs) and Z/S-shaped radio galaxies (ZRGs). For XRGs, the primary and
secondary jets pass symmetrically near the centre of the elliptical galaxy which is the source of
the jet pairs. The secondary jets for ZRGs are seen to emerge from the edges of the primary jets.
Taking advantage of the good sensitivity and high resolution of the Tata Institute of Fundamental
Research (TIFR) Giant Metrewave Radio Telescope (GMRT) Sky Survey at 150 MHz, we have
identified 58 new winged radio galaxies, out of which 40 are XRGs and 18 are ZRGs. We have
made a study on the wing size, spectral index, angle between major and minor axis, and radio
luminosity of newly discovered winged radio galaxies and made a comparative study with
previously detected XRGs and ZRGs.
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X-ray Spectral Variability Studies of High Synchrotron Peaked Blazars using AstroSat

We present the observations of two bright TeV blazars Mrk 421 and 1ES 1959+650 at X-ray
energies using the SXT (0.3-8 keV) and LAXPC (3-80 keV) instruments onboard AstroSat
simultaneously during multiple epochs in 2016-19. The energy light curves show intra-day
variability and change in flux states from epoch to epoch. The hardness ratio varies with time and
it follows a "harder when brighter" trend. We carry out time-resolved X-ray spectroscopy for all
observations and fit the combined SXT-LAXPC spectrum with log-parabola and broken-power law
models. We search for correlations between the best-fit spectral parameters. On the basis of the
results obtained we discuss possible emission mechanisms and constraints on the physical
parameters of the jets of blazar.

ASI2023 714 Swarna Chatterjee Poster
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The sub-GHz perspective and spectral study of the MERGHERS clusters

Galaxy Clusters are excellent laboratories for studying large-scale magnetic field and particle
acceleration processes. The massive merging clusters are home to one of the largest radio
structures in the sky in the form of giant radio halos and radio relics. Radio halos and relics are
generally steep spectrum sources with spectral index a < -1 generated from the relativistic
particles spiraling around the cluster magnetic field. The recent advancement in radio
interferometric techniques has boosted the discovery of these structures. However, the majority
of these sources lack thorough multi-frequency studies. Multi-frequency observation of these
sources helps in understanding the particle acceleration history across the extended structure
and their possible origin, the dynamical state of the cluster, and spectral age. MeerKAT
Exploration of Relics, Giant Halos, and Extragalactic Radio Sources (MERGHERS) Pilot survey was
a targeted observation of 13 SZ-selected clusters at MeerKAT's L band (central frequency 1.28
GHz). The observed Massive and disturbed clusters covering previously unexplored redshift and
mass ranges were selected from the ACT DR5 catalog, where nine were detected successfully
with diffuse emission at 1.28 GHz. uGMRT is an excellent telescope working in the sub-GHz
frequency band where these cluster radio sources appear brighter due to their steep spectra. We
performed a follow-up observation of the MERGHER clusters, that were observable at GMRT's
declination, with uGMRT band-3 (central frequency 400 MHz). In this talk, | will present the
exciting results from the first-ever detailed spectral study of the sources and discuss the merger
and dynamical scenario of those clusters.
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A Comprehensive Search for Interacting Galaxy Clusters from SDSS DR 17

Galaxy clusters are the giants of hierarchical structure formation scenario in the universe. A
cluster merger event s highly energetic, releasing upto 10765 erg of binding energy. This vigorous
interaction drives shocks into the intra-cluster medium (ICM), accelerating particles to relativistic
velocities within cluster sized magnetic fields. Additionally, regions of magneto-hydrodynamic
turbulence scatter these particles resulting in synchrotron emission observable in radio
wavelengths. The ICM comprises of a hot (1077 K) plasma which shines brightly in X-ray
wavelengths. Hence, a disturbed X-ray morphology is also a signature of interaction. Most studies
on merging clusters interpret a dynamical scenario around such signatures; rather than a
systematic search for interacting clusters a-priori. As the interaction timescale is a few Gyr,
tracking evolution of each system is impossible. A catalog of multiple simultaneous mergers in
various phases would be insightful to deduce evolution pattern of clusters. We aim to create a
search algorithm to identify interacting galaxy clusters with their merging phases from optical
galaxy data. Typically, a mock cluster catalog is used to tune the parameters of cluster-finding
algorithm. In contrast, we formulate a parameter optimization process based on redshift-
independent SZ observations. This accurately captures physical information about clusters
without any cosmological presumptions. We formulate physically motivated interaction criteria
for clusters in different merger phases. We present 465 interacting candidates in merging or
premerging/postmerging phases. This unique categorization is helpful to interpret evolution of
dynamical states of clusters. Additionally, a few cases of interaction with radio and X-ray evidence
are presented. We report a new candidate relic lying on the verge of observation sensitivity of
LoTSS, an interesting outcome of the different approach of this study. The locations of interacting
candidates may possibly host fainter radio structures like radio filaments and ridges which may
be observed with even sensitive surveys in future.

ASI2023_241 UTKARSH PATHAK Poster
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Thermonuclear X-ray Bursts in X-ray Binaries

In the Low Mass X-ray Binary (LMXB) sources, during the active accretion from the secondary
star, the accumulated fuel (a mixture of Hydrogen and Helium) undergoes hydrostatic
compression as more matter keeps piling up. When temperature and density conditions reach
ignition levels (typically within a few hours to days), the entire fuel layer on the NS surface burns
rapidly, leading to a thermonuclear burst. During these bursting episodes, the X-ray intensity
rises by order of magnitude within a few seconds — reaching peak luminosities of 10**39 erg/s.
The flux then exponentially decays at a slower rate (tens to hundreds of seconds). Studying the
spectral and timing properties of Thermal nuclear bursts helps us probe the fundamental
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properties of the Neutron stars and the accretion environment of the binary systems. This work
presents our preliminary results of analyzing AstroSat data of well-known thermonuclear burst
source 4U 1728-34. We report 22 type-1 thermonuclear bursts throughout 8 AstroSat
observations. We have fitted the continuum with cutoff power law and a broad iron line at 6.92
+/- 0.28 keV. A time spectral analysis of the burst spectrum was also done, fitting it with
blackbody radiation and examining the evolution of various parameters over time. We will
present a detailed comparison of the continuums and bursts of the source, spanning over years
of observation.

ASI2023 657 Varenya Upadhyaya Poster
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A test of linearity of the ratio of dark matter to baryonic matter in galaxy clusters

We search for a linearity in the ratio of dark matter to baryonic matter as a function of radius for
galaxy clusters, motivated by a recent result by Lovas (arXiv:2206.11431), who has discovered
such a linearity for a diverse suite of galaxies in the SPARC sample. For our analysis, we used a
sample of 54 non-cool core clusters from the HIFLUGCS sample. We do not find any evidence for
a linear trend in the aforementioned ratio as a function of radius for individual clusters. We then
repeat this analysis for the stacked sample, which also does not show this linearity. Therefore,
the linear scaling found by Lovas is not a universal property of dark matter haloes at all scales.

ASI2023 642 Vineet Ojha Poster
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Host galaxy imaging of gamma-ray detected Narrow-line Seyfert 1 (gamma-NLSy1) galaxies.

The existence of a tangible relationship between relativistic jets in active galactic nuclei (AGNs)
and the morphology of their host galaxies has often been suggested. In particular, it is widely
believed that powerful jets are hosted in elliptical galaxies, harboring supermassive black holes
(SMBH, SM_{BH} > 10~{8} M_{sun}S). However, fully developed relativistic jets, capable of
emitting gamma-ray photons are observed in a few gamma-ray detected Narrow-line Seyfert 1
galaxies (gamma-NLSy1s), harboring lower black hole mass ~105$2{6}S to ~105”*{7} M_{sun}S, and
are usually hosted in spiral/disc galaxies. This challenges the theoretical scenarios of jet
formation and casts doubts on the connection between relativistic jet production, SMBH mass,
and the host galaxy, in the case of gamma-NLSyls. To resolve this tension of galaxy types in
gamma-NLSyls, we have selected a sample of gamma-NLSy1ls having redshift ~< 0.6 with their
intra-night optical variability study has already been carried out. This has resulted in a sample of
11 gamma-NLSyls. The host galaxy imaging of these galaxies in SDSS filters g and r with 3.6m
Devasthal Optical Telescope (DOT) of Aryabhatta Research Institute of Observation Sciences,
India has revealed the spiral and/or disc galaxy-type morphologies for all the observed sources
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using the 2D surface brightness model-fitting code GALFIT. Furthermore, based on the
differential light curves of these sources, it is found that about half of the sources are also
showing minute-like variability. The spiral and/or disc galaxy-type morphologies in gamma-
NLSy1s suggest that the launching of relativistic jets in AGNs is independent of their host galaxy
types.

ASI2023 279 Zahoor Ahmad Malik Poster
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Multiwavelength study of blazar 4C + 01.02 during its long-term flaring activity in 2014-2017

We conducted a detailed long-term spectral and temporal study of flat spectrum radio quasar 4C
+01.02, by using the multiwavelength observations from Fermi -LAT, Swift -XRT, and Swift -UVOT.
The 2-day bin gamma-ray light curve in the 2014-2017 active state displays 14 peak structures
with a maximum integral flux (E >100MeV)of (2.5+0.2)x10-6 phcm -2s-1at MJD 57579.1,
which is approximately 61 times higher than the base fluxof (4.1+0.3)x10-8 phcm -2s -1
, calculated by averaging the flux points when the source was in quiescent state. The shortest y -
ray variability of 0.66 £ 0.08 days is observed for the source. The correlation study between vy -
ray spectral index and flux suggests that the source deviates from the usual trend of harder when
brighter feature shown by blazars. To understand the likely physical scenario responsible for the
flux variation, we performed a detailed broad-band spectral analysis of the source by selecting
different flux states from the multiwavelength light curve. A single zone leptonic model was able
to reproduce the broad-band spectral energy distribution (SED) of each state. The parameters of
the model in each flux state are determined using a x 2 fit. We observed that the synchrotron,
synchrotron-self-Compton (SSC), and External-Compton (EC) processes produce the broad-band
SED under varied flux states. The adjoining contribution of the seed photons from the broad-line
region (BLR) and the IR torus for the EC process are required to provide adequate fits to the GeV
spectrum in all the chosen states.

159




Posters in
Sun and Solar System

ASI2023 473 Akash Biswas Poster
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Explaining why all solar cycles rise differently but decay in the same way

A striking feature of the solar cycle is that at the beginning, sunspots appear around mid-
latitudes, and over time the latitudes of emergences migrate towards the equator. The maximum
level of activity (e.g., sunspot number) varies from cycle to cycle. For strong cycles, the activity
begins early and at higher latitudes with wider sunspot distributions than for weak cycles. The
activity and the width of sunspot belts increase rapidly and begin to decline when the belts are
still at high latitudes. Surprisingly, it has been reported that in the late stages of the cycle the
level of activity (sunspot number), as well as the widths and centers of the butterfly wings all,
have the same statistical properties independent of how strong the cycle was during its rise and
maximum phases. We have modeled these features using a Babcock—Leighton type dynamo
model and shown that the toroidal flux loss from the solar interior due to magnetic buoyancy is
an essential nonlinearity in the solar dynamo which leads to all the cycles having similar amount
of toroidal flux during their decline phases. Hence all the cycles decline in the same way.
Accepted in Phys. Rev. Lett. (PRL)
https://journals.aps.org/prl/accepted/03074Y69Df61fe7649d843c2868b6a8a24b428c08 For
reference please see: https://arxiv.org/abs/2210.07061
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Exploring spectral line asymmetries due to the propagating MHD waves in the solar
atmosphere

MHD waves are considered to be one of the candidates for coronal heating and solar wind
acceleration, so, understanding their spectroscopic properties and propagation through different
layers of the solar atmosphere is important. Over a decade-long study of asymmetries in spectral
lines observed from solar coronal and transition region point towards mass and energy transport
from lower layers of the solar atmosphere to the corona. Two possible drivers for these
asymmetries are slow magnetoacoustic waves and jets and upflows. However, due to insufficient
multi-wavelength observations and low spatial and spectral resolution of the current
instruments, spectral line asymmetries due to fast transverse MagnetoHydro Dynamic (MHD)
waves have not been observed yet. But their study is possible by MHD simulations. In this study,
we used the forward-modelled data for the Fe Xlll emission line obtained from 3D MHD
simulations using MPI-AMRVAC for propagating fast transverse waves. The ‘Modified Blue-Red
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(BR) Asymmetry’ technique was applied to this data to obtain BR asymmetry profiles. Our analysis
for the simulation of a coronal hole region driven by propagating fast transverse MHD waves
showed the presence of spectral line asymmetries caused by these waves in an inhomogeneous
plasma. These asymmetries are expected to be observed by future ground and space-based
facilities such as Visible Emission Line Coronagraph (VELC) onboard Aditya-L1 and DKIST. We also
plan to study the spectral line asymmetries for the data integrated for different lines of sight and
other associated properties.

ASI2023 578 B.S. Bharath Saiguhan Poster
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Solar Flare Observations with Chandrayaan-2 XSM

Solar flares ranging from small microflares to large X-class flares are believed to be the result of
sudden release of magnetic energy in the atmosphere of the Sun. Measuring the distribution of
various flare parameters over a wide range of flare intensities provide a good opportunity to
investigate the scale invariance of the underlying physical processes. Solar X-ray Monitor (XSM)
on board Chandrayaan-2 has been observing the Sun for more than three years, providing soft
X-ray spectral measurements and has detected a many flares from sub-A class to X-class. XSM
data provides a great opportunity for statistical studies of the solar flare parameters. For this
purpose, we developed an automated flare-detection algorithm to identify the different flaring
episodes from the XSM light curves that provide the start and end times of the flares in addition
to the peak time. As the XSM observations often have gaps due to the Sun being out of its field
of view, the algorithm is designed taking these gaps into consideration. The algorithm is applied
on the XSM observations during its primary observing seasons to generate a flare database which
is planned to be reguarly updated and made available on the XSM website along with additional
information of the flares from other sources. Here we present the details of the flare detection
techniques and the results. We also discuss the preliminary flare parameter distributions and
their future potential.

ASI2023_526 BISWANATH MALAKER Poster
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Thermodynamic evolution of plumes

Coronal plumes are elongated structures prominently visible inside coronal holes. These are long-
lasting transient features having a lifetime of around 20 hours. There is some evidence that
plumes are related to jets, which are transients occurring at much shorter timescale compared
to plumes. Observations further suggest that numerous jets occurring at the foot points of the
plumes are responsible for such long-lasting nature of the plumes. In this work, we exploit the
continuous multiwavelength observations from the Atmospheric Imaging Assembly (AIA) to
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study and establish the relationship between jets and plumes and their thermodynamic evolution
by employing the technique of Different Emission Measure (DEM). We also aim to study the
evolution of the photospheric magnetic field in the footpoint regions of plumes using the
measurements taken from the Helioseismic and Magnetic Imager (HMI). For this purpose, we
have selected ~100 plumes and analyzed one in detail. Preliminary results related to the plume's
origin and thermodynamic evolution will be presented.

ASI2023 753 Chitradeep Saha Poster
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Buoyancy driven active region formation in a kinematic three dimensional solar dynamo model

By introducing a magnetic field-strength dependent three-dimensional helical up-flow we model
the emergence of bipolar magnetic regions (BMRs) within a kinematic solar dynamo framework;
using PLUTO numerical architecture. We introduce time-varying localized velocity perturbations
and make the toroidal component of the magnetic field emerge radially outward in the form of
flux ropes from deep down the solar convection zone, leading to the eruption of BMRs at the
surface. We calibrate the perturbing terms in order to conform with Hale's polarity law and Joy's
law of mean tilt angle distribution.

ASI2023 612 Debesh Bhattacharjee Poster

Sun and the Solar System

Turbulence and Anomalous Resistivity inside Near-Earth Magnetic Clouds

We use in-situ data from the Wind spacecraft to survey the amplitude of turbulent fluctuations
in the proton density and total magnetic field inside a large sample of near-Earth magnetic clouds
(MCs) associated with coronal mass ejections (CMEs) from the Sun. We find that the most
probable value of the modulation index for proton density fluctuations (S\delta n_{p}/n_{p}S)
inside MCs ranges from 0.13 to 0.16, while the most probable values for the modulation index of
the total magnetic field fluctuations (S\delta B/BS) range from 0.04 to 0.05. We also find that the
most probable value of the Mach number fluctuations (S\delta MS) inside MCs is S\approx 0.185.
The anomalous resistivity inside near-Earth MCs arising from electron scattering due to turbulent
magnetic field fluctuations exceeds the (commonly used) Spitzer resistivity by a factor of
S\approx 500-1000S. The enhanced Joule heating arising from this anomalous resistivity could
impact our understanding of the energetics of CME propagation.

162




ASI2023_549 Dipali Burud Poster

Sun and the Solar System

Study of CME activities on spotless days during descending phase of solar cycles 23 and 24

The comparative increase in spotless days (SLD) is observed since from the cycle 21. Cycle 24 has
highest SLDs (since from cycle 14) hence it is one of the weakest cycles. The SLDs are proven to
be a potential candidate for forecasting the preceding solar cycle. Similarly magnetic helicity
[ejected as Coronal Mass Ejection (CME)] can also use to predict next solar cycle. In this regard,
we investigate the properties of the CME that occurred on the SLD during the descending phases
of solar cycles 23 (2004-2008) and 24 (2015-2019). CMEs on SLD are observed to be 14 and 11%
(occurrence frequency of 1.55 and 1.06/SLD) w.r.t. to the total CMEs that occurred in the
aforementioned duration, respectively. Evidently, a significant fraction of the CME activity on the
SLDs implies that sunspot number is not a good proxy of the CMEs. We emphasize that increased
number of CME after 2004 is due to the contribution of the CMEs ejected from the non-active
region. The front side CME on SLD (CMESLD) were slower, smaller in width, carries low K.E. and
mass. Even though the few CME contributes to produce minor geomagnetic storms. A
comparative analysis of CMESLD kinematics of cycle 23 and 24 shows that the cycle 24 has wider
and massive events.

ASI2023_53 Dr. Vivek Kumar Singh Poster
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Estimation of latitudinal variation in solar rotation using SDO/AIA images and establishing its
correlation with solar cycle

Solar rotation responsible for various solar activities is an unanswered problem of solar physics.
Sun emits radiation in all frequency regimes starting from radio waves to gamma rays. Hence Sun
could be observed in most of such frequency regimes. In recent decades the information about
solar rotation strongly improved. Solar rotation can be measured by tracking the tracers across
the solar disk,or via spectroscopy, or via flux modulation method using radio waves, X-rays, and
UV rays that emitted out in the space. SDO, a space mission of NASA to understand the magnetic
changes in Sun. Analysis of SDO data could build up the capability of forecasting solar variations
that can affect life on the Earth. SDO/AIA data can be used to estimate the rotation of solar
atmosphere, which in turn used to draw information about change in solar magnetic field as
variation in sunspot cycle and Hale’s cycle. In present work feasible variation in latitudinal solar
rotation is estimated. To find latitudinal variation in solar rotation, the SFD images at wavelengths
(193, 211 and 304 A), at a cadence of one per day, obtained from SDO/AIA have been used for
each year of the whole mission period (2011-2022). In flux modulation method, the variation in
flux emitted over the latitudinal bin(formed on equally separated latitude region of SFD images
that extended from 800N to 800S) on solar disc generates annual time series for each latitude.
The periodogram analysis of each time series of any latitude bin on the SFD images for a year
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gives the estimation of solar rotation period as a function of latitude. Estimated result shows
sometimes rigid rotation and sometimes differential rotation of solar corona and transition
region in different epoch. This variation in solar rotation found to be linked with the solar activity
cycle.
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Deep Learning based eruptive flare forecasting.

Solar eruptions such as CMEs, flares disrupt geomagnetic and communication systems on Earth.
While flares are abrupt, bright events that occur in the solar atmosphere and emit massive
amounts of energy in the 10728 to 10*32 erg range, CMEs are intense eruptions that hurl plasma
into interplanetary space. CMEs can be found in conjunction with flares, filaments, or
independent. Although both flares and CMEs are understood as triggered by a common physical
process magnetic reconnection, yet, the degree of association is unknown. In this work, we study
the time series of magnetogram data derived from SHARP (Space weather HMI Active Region
Patches) to understand eruptive flare mechanism using Machine Learning models SVM,LDA and
Deep learning model LSTM. Here, we use 18 SHARP parameters as input to our Machine Learning
model from the year 2011-2021. The task here is to perform binary classification, hence two
classes, predicting whether a flare will be accompanied by CMEs or not. We initially attempt to
study the features at different time lags that will be more responsible for eruptive flare. For
example, MEANSHR shows deviated mean between two classes at 48h time lag, while MEANGBZ
shows it at 8-24h time lag before the event occurence. Therefore, we determine the appropriate
time lag for each feature using our Deep Learning model LSTM, coupled with ML models SVM
and LDA, to perform binary classification. We further attempt to study the model’s predictions
and behaviour using Explainable ML methods such as variable-importance measure and shapley.

ASI2023 649 Krishna Prasad Poster
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Propagation of slow magnetoacoustic waves in a multi-thermal coronal loop

The compressive slow magnetoacoustic waves are commonly found in the solar atmosphere. Because of
the dependence of their propagation speed on the local plasma temperature, they can be used to infer
the thermal structure of coronal loops. Observations indicate that the coronal loops seen at the current
resolution limit are multi-stranded and multi-thermal. Using a linear 3D MHD model, we study the
propagation of slow magnetoacoustic waves in a multi-thermal coronal loop. The simulation results are
then forward modeled to produce synthetic images in multiple wavelength channels. The propagation
properties of the waves obtained from these data are then compared with those from real observations.
In addition, the corresponding results from a monolithic loop model are discussed.
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Temporal evolution of abundances, thermal and non-thermal emission from solar flares.

The First-lonization-Potential (FIP) effect is a phenomenon where elements with FIP less than 10
eV are seen to be two to four times more abundant in the closed-loop corona compared to the
solar photosphere. The origin of this FIP effect is yet to be understood well. Using MESSENGER
SAX, we have performed a time-integrated and time-resolved analysis of C, M and X class flares
to derive the abundances of Ar, Fe, Ca, and S and also understand their evolution. We compare
the results of this study with the abundances (Mg, Al, Si and S) derived from Chandrayaan-2 XSM
for A and B-class flares. We find that understanding the quick recovery of the abundances as the
flare decays is challenging to explain using current models of the FIP effect. Magnetic
reconnection during flares also reconfigures the magnetic field to a lower-energy state. The free
energy liberated causes the heating of the plasma and also accelerates particles to non-thermal
energies, resulting in the emission of thermal and non-thermal X-rays in a broad energy band.
However, there is limited knowledge of the total magnetic energy released and the proportion
of distribution of energy to plasma heating and to accelerate particles. To understand this
complex process of energy conversion and distribution, we model the combined multi-thermal
soft X-ray spectrum simultaneously from MESSENGER-SAX and the hard X-ray spectrum from
RHESSI during strong solar flares that were observed by both satellites and present the evolution
of the flare parameters (temperature, emission measure and abundances). Following the
temporal evolution of the multi-temperature structure of the spectra using Messenger SAX and
RHESSI has provided new insights into the potential origins of the thermal and non-thermal
emissions and their relationship. Such studies also provide a framework for understanding the
multi-thermal structure of chromospheric evaporation.
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Characterization of Systematics and Stellar Activity in the M Dwarfs’ White Light Curves

To understand the formation and evolution of habitable extrasolar planets and to search for life
outside our solar system ultimately, it is paramount to look for Earth-like exoplanets in our
neighbourhood. However, due to the smaller size of the planets, their observed transit is
comparable to noise coming from various sources. Therefore, informed detrending of the light
curve is a key step in teasing out the faint signature of small Earth-like planets in transit. In this
research work, we aim to understand and characterise the noise originating from stellar jitter
and systematics in the white light curves of M-Dwarfs within the 50 light years of solar
neighbourhood. To this end, we are using Gaussian processes to model the surface activity and
systematics. Spherical Harmonics are used to model the stellar surface. Along with this, Bayesian
Inference is being used to get the posterior distribution of the parameters governing the stellar
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surface models. To validate our method, we have generated synthetic data through forward
modelling of the stellar light curves by adding systematics generated by sampling functions from
prior distribution to stellar models. This is followed by fitting GP to the data to remove
systematics and obtain the posterior distribution of various stellar surface parameters. After
successful implementation of our model, we use it on the ground-based data of 50 Project EDEN
targets and detrend them off stellar activity and systematics.

ASI2023 52 Nitin Yadav Poster

Sun and the Solar System

Mode identification of Magnetohydrodynamic (MHD) waves in simulated solar atmospheres

MHD waves and oscillations are now known to exist throughout the solar atmosphere, spanning
a wide range of spatial scales and wave periods, thanks to recent solar observations. However,
in solar physics, the exact source of excitation, accurate description of wave characteristics, and
their likely contribution in balancing radiative losses remain far from clear. Furthermore, the solar
surface is turbulent, consisting of disordered plasma motions across a wide variety of
lengthscales and/or timescales. These plasma motions can be rotating, such as intergranular
vortices, or vertical, such as global p-modes, or they can be random. Influenced by the topology
of omnipresent magnetic fields throughout the solar atmosphere, these motions excite various
MHD waves that travel to higher solar atmospheric layers. Therefore, tracking magnetic field
lines — along which waves propagate — is necessary to understand the wave characteristics and
accompanying energetic processes. To do so, we devised a method that allows us to track
individual magnetic field lines in both space and time in our MHD simulations and investigate the
waves that propagate along them. We found that slow magneto-acoustic waves propagate along
the field lines and convert into shocks in the middle chromosphere. Their energy flux in the
middle chromosphere is sufficient to overcome the radiative energy losses in the layers above.
Since slow MHD waves have plasma oscillations along the background magnetic field, they are
easier to detect than transverse MHD waves. Furthermore, MHD waves regularly encounter
magnetic null points in the solar corona, emphasizing the use of an appropriate wave
identification approach to investigate their interaction and the subsequent phenomena. A new
MHD wave decomposition method is proposed that overcomes the constraints of previous wave
identification methods and allows us to investigate energy fluxes in distinct MHD modes at
different locations of the solar atmosphere.
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ASI2023_70 Pawan Kumar Poster

Sun and the Solar System

Effect of irregular bipolar magnetic region emergence and tilt scatter on the polar magnetic
field and the solar cycle

It is known that the polar magnetic field determines the amplitude of the next solar cycle.
Therefore, the variation in the polar field can cause variation in the solar cycle. The polar field is
observed to be produced mainly through the decay and dispersal of tilted bipolar magnetic
regions (BMRs). However, the rate of BMR eruptions as observed on the solar surface is not
uniform and there is an irregularity in the emergence of its number with time in a cycle.
Furthermore, there is a considerable scatter in the BMR tilt around Joy’s law. We explore the
effect of this irregular BMR emergence rate and the tilt scatter on the variation of polar field and
solar cycle using a 3D kinematic dynamo model by feeding synthetic BMR data in it. We find that
the irregular BMR eruption produces a mixed polarity field on the solar surface and short-term
variation in the polar magnetic field. This variation in the polar field produces variation in the
next solar cycle. We find that the irregular emergence rate of the BMR gives a variation in polar
field strength of about 11%, while the tilt scatter produces a variation of 18%. When we consider
both effects, we find about 25% variation in the polar field. Our results indicate that tilt scatters
produces more variation in the polar field than irregular BMRs emergence.

ASI2023 516 Pranjali Sharma Poster

Sun and the Solar System

Study of light curves using machine learning techniques

Understanding periodicity and time series trends is essential to studying various astronomical
sources. The light curve parameters' extraction often depends on how well the data is sampled.
In the case of unevenly sampled data, signals may arise due to uninformed techniques, which
could then be mistaken for having an astrophysical origin. We make use of a non-parametric
machine learning technique called Gaussian Process Regression (GPR) to model the light curves
of various sources, such as sunspots, AGNs, and variable stars, to extract meaningful physical
parameters in the current work. We also forecast the upcoming 25th solar maximum using GPR.

ASI2023 35 Prateek Mayank Poster

Sun and the Solar System

SWASTi: A novel model to forecast and study the Solar Wind and CME properties

Coronal Mass Ejections (CMEs) are the central component of solar eruptions. And solar wind (SW)
streams, acting as a background, govern their propagation in the heliosphere and drive
geomagnetic storm activities. Therefore, adequate study and accurate forecasting are necessary
to understand and mitigate its effect. Here, we present the implementation and results of a space
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weather forecasting-targeted inner heliospheric model, the “Space Weather Adaptive
SimulaTion framework” (SWASTi). In particular, the SW and CME modules will be demonstrated.
The SW module is based on a two-domain approach: a semi-empirical coronal domain and an
MHD inner-heliospheric domain. The GONG/HMI magnetogram is used as observational input
data, and SW plasma properties are computed in the heliosphere using the PLUTO code. The
cone or flux rope CME is then injected into the ambient SW by using the CME module. In addition
to a detailed modeling methodology, the validation results will be shown by comparing the
simulation results with in-situ measurements at multiple vantage points. Furthermore, the
results of a parametric study of the interaction of CME with the ambient SW and
stream/corotating interaction regions (SIRs/CIRs) will be demonstrated. It will be shown that
SIR/CIR have the potential to significantly alter the CME properties during their propagation.
Alteration may include deformation in flux rope, distortion of CME's front convexity, deflection
in azimuthal and meridional directions, and change in kinematics. The effects of these changes
are manifested at the Earth's location in the form of a modified arrival time, CME properties, and
duration. Conclusively, we will illustrate how SWASTi will complement the in-situ payloads,
APSEX and MAG, of Aditya-L1.

ASI12023 482 Puja Majee Poster

Sun and the Solar System

First detailed polarimetric study of a type Il solar radio burst with the Murchison Widefield
Array

Type |l solar radio bursts are well known to be predominantly associated with the more energetic and
fast coronal mass ejections (CMEs). These CMEs are expected to drive shocks in the coronal medium and
play a dominant role in giving rise to energetic particles which are the biggest concern for Space Weather.
The type Il radio bursts arise from plasma emission mechanisms and occur at fundamental and harmonic
levels of the local plasma frequency. The emission at both the fundamental and harmonic is often found
to be split in two sub-bands or lanes. A commonly accepted interpretation is that the electrons
accelerated at the shock front moving both ahead of and behind the shock, give rise to these two lanes
of emission. This suggests that these sources must lie close to each other. The vast majority of studies of
type Il bursts, however, rely on dynamic spectra which do not provide any spatial information.. High
fidelity and dynamic range solar radio images with good temporal and spectral resolution from
instruments like the Murchison Widefield Array (MWA) now enable such imaging studies. Interestingly,
a recent MWA imaging study of the harmonic emission from a type Il burst (Bhunia et al., 2022 A&A,
submitted) finds evidence that, the sources from the two lanes are not only located rather far apart in
the radio images, but they are also moving in different directions and with different speeds. Making use
of the recently developed spectro-polarimetric snapshot imaging pipeline (P-AIRCARS, Kansabanik et al.,
2022), we have extended the study of Bhunia et al. 2022 to include polarimetric imaging and also
improved upon some of the analysis procedures used by them. Here we summarize the preliminary
results about the polarization properties of this type-Il radio burst.
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ASI2023 218 Ratul Das Poster

Sun and the Solar System

Nonlinear time series analyses of hemispheric asymmetry of the sunspot cycle: Evidence of
irregularity and memory

The hemispheric asymmetry of the sunspot cycle is a real and robust feature of the Sun. However,
its origin is still not well understood in the literature. In our study, we performed nonlinear time
series analyses of the sunspot area and number asymmetry to explore the dynamics of the
process that produces this asymmetry. We concluded that there is no strange attractor in the
data by computing the correlation dimension for the sunspot asymmetry. On computing
Higuchi’s dimension for the same data, we further found that the hemispheric asymmetry is
largely governed by a stochastic process. However, from the behaviour of the Hurst exponent,
we observed that the time series is not completely determined by a memory-less stochastic
noise. Rather, we found that there is a long-term persistence which can go beyond two solar
cycles. Therefore, our study suggests that the hemispheric asymmetry of the sunspot cycle
predominantly originates due to some irregular process in the solar dynamo. The long-term
persistence in the solar cycle asymmetry suggests that the solar magnetic field has some memory
in the convection zone.

ASI2023_436 Ravindra B Poster

Sun and the Solar System

Hemispheric asymmetry in solar cycle activity as observed in Kodaikanal sunspot area data

Solar activity is asymmetric in the Northern and Southern hemisphere in almost all cycles. This
asymmetry is observed both in cycle amplitude and period. We have used sunspot-area data
from the Kodaikanal Solar Observatory to study the north—south asymmetry in sunspot activity.
In this poster, we present the north-south asymmetry in each cycle, phase difference between
the northern and southern hemispheric activity, Rieger-type periodicities and quasi-biennial
oscillations.

ASI2023 615 Sandhya Singh Poster

Sun and the Solar System

Impact of Solar Variability on Cosmic Rays Intensity and Geomagnetic Field

Solar variability controls the structure of the heliosphere and produce changes in cosmic ray
intensity. Based on the observation from Omniweb data centre for solar- interplanetary data and
yearly / maonthly mean count rate of cosmic ray intensity (CRI) variation data from Oulu /
Moscow neutron monitors (Rc=0.80 GV & Rc=2.42 GV) during 1996-2022 . It is observed that the
during minimum phase of low Solar activity , sun is remarkably quiet and the strength of the
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interplanetary magnetic field has been falling off to new low levels , reduces the GCR entering
inner- heliosphere and it is high anti-correlation (-0.78) between sunspot number & GCR flux. It
is also found that 10.7 cm solar radio flux, velocity of solar wind and the strength and turbulence
of the interplanetary magnetic field were positive correlated with each other and inverse
correlated with count rate of cosmic ray intensity. Keywords- Interplanetary magnetic field (IMF),
Cosmic ray intensity (CRI), Solar activity (SA).

ASI2023 103 Sarvesh Mangla Poster

Sun and the Solar System

Quantifying ionospheric effects with the uGMRT

In recent times, radio interferometers are not only used to study astronomical sources but have
also been used to study the Earth's ionosphere. The ionosphere can be sampled at a high spatial
resolution using wide field-of-view radio telescopes such as the upgraded Giant Metrewave
Radio Telescope (UGMRT). Using the data from the ELAIS-North1 field, where we examined the
position offsets of the radio sources. The refractive shifts in the positions of celestial sources are
directly proportional to spatial gradients in the electron column density transverse to the line of
sight. These can be used to probe plasma structures and waves in the ionosphere. We analyse
the various behavior in the Earth's ionosphere by examining data taken under quiet geomagnetic
conditions as well as data taken during moderate to severe geomagnetic storms. This study may
bring insight into building pipelines where ionosphere-induced phase errors can be corrected in
real-time for future telescopes like SKA-LOW in Australia and SKA-MID in South Africa.

ASI2023 313 Satish Chandra Poster

Sun and the Solar System

Long term study of solar rotation using radio emission and its interrelation with solar cycle

From long radio waves to short X-rays, the Sun releases radiation across a wide variety of energy
spectrum. It is common to record the solar emission as a function of both frequency and time
because the solar radio flux at different frequencies has a higher degree of correlation with all
other solar phenomena. Thus, solar radio emissions are a very useful indicator of major solar
activity, such as sunspot cycle or magnetic reversal cycle. The solar radio flux emissions changes
gradually in intensity. This paper examines long-term temporal and spatial variations in the solar
rotation (more than six solar cycles) by investigating radio emission from various layers of the
solar atmosphere during the years from 1952 to 2022. The present study makes use of annual
time series of disk integrated radio flux data at five different wavelengths (3.2, 8.0, 10.7, 15, and
30 cm) obtained from LASP Interactive Solar Irradiance Data Centre (LISIRD). Periodicity present
in a time series cannot be obtained directly from the time series itself. To obtain periodicity
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present in a time series, statistical tools like autocorrelation, FFT, wavelet analysis, Lomb-Scargle
Periodogram (LSP) etc. can be used. In present work, the periodic component present in the
variation of time series is estimated through Lomb-Scargle Periodogram (LSP), because LSP can
also deal with the time series having some data gaps. The rotation period estimated for five radio
emissions through LSP show continuous temporal and spatial variation throughout the years. The
smoothened rotation period shows the presence of ~22-yr periodic and ~11-yr components in
it. The 22-year component most likely be related to the solar magnetic field reversal (Hale) cycle,
while the 11-year component is obviously related to the sunspot (Schwabe) cycle. Detail result
would be presented in the paper.

ASI2023 320 Satyam Agarwal Poster

Sun and the Solar System

Plasma Relaxation using Data-Constrained Numerical Simulations

The theory of self-organization in continuous systems in the presence of dissipation suggests that
ideal invariants undergo selective decay. This allows a mathematical formulation in terms of the
variational principle to predict the self-organized or relaxed state. The earliest theory of
relaxation was put forward by Taylor (1974), wherein total magnetic energy was taken as
minimizer and total helicity as an invariant. The corresponding relaxed state was shown by
Woltjer (1958) to be linear force-free. An example of one such system is the solar corona, where
transients such as solar flares are known to be driven by the process of magnetic reconnection.
This suggests the possible applicability of Taylor’s theory and was first adapted for the case of
solar flares by Heyvaerts and Priest (1984). Since then, numerical experiments have been
conducted to test Taylor’s theory in various contexts, such as the nanoflare heating model and
the topological dissipation problem. In this study, we take an alternative approach to understand
the relaxation process for a solar flare within the framework of extrapolation model and data-
constrained magnetohydrodynamics simulation. For AR 12253, hosting M1.3 class flare,
observations are utilized to identify the possible sites of reconnection and extrapolation of
coronal magnetic field. Our investigation reveals an overlying hyperbolic flux tube (HFT) where
we explore reconnection using magnetohydrodynamics simulations with EULAG-MHD. Using
three suitably chosen sub-volumes, we analyze the variation and distribution of parameters such
as the magnetic energy, current density, and twist to understand plasma relaxation and to draw
our conclusions on the result, limitations, and future scope of this study. Essentially, we find that
all the sub-volumes undergo at least partial relaxation in the sense of lowering of twist, and that
the size and position of chosen sub-volumes with respect to the boundaries play an important
role in governing the dynamics.
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ASI2023_606 Soham Dey Poster

Sun and the Solar System

First detailed polarimetric study of a group of type-lll solar radio bursts with the Murchison
Widefield Array

Magnetic reconnection is a well-known process for the acceleration of electrons in the solar
corona. When streams of semi-relativistic electrons travel through the hot magnetized coronal
plasma along open magnetic field lines, it can result in type-lll solar radio bursts by plasma
emission mechanism. These radio emissions are among the most widely studied solar
phenomenon at meter-wavelength. However, most of these studies are limited to the analysis of
their dynamic spectra, which do not provide any information about the structure and location of
these sources. The emergence of new generation telescopes like the Murchison Widefield Array,
and our recently developed full Stokes calibration and imaging pipeline (P-AIRCARS, Kansabanik
et al. 2022), now enables us to produce spectro-polarimetric snapshot solar radio images with
high fidelity and dynamic range. This allows us to obtain polarimetric properties of these bursts
in unprecedented detail and has already led to a few interesting discoveries. Circular polarization
of type-lll radio bursts are well reported in the literature. Theoretically one expects any linear
polarization, even if present, should get washed out due to the large differential Faraday rotation
in the corona. On the contrary, we have found the first convincing image-based evidence of
linearly polarized emission from these bursts. We note that the linear polarization fraction is
greater than the circular polarization fraction. Here we will present our findings about the
polarization properties of these type-lll solar radio bursts.

ASI2023 307 Srinjana Routh Poster

Sun and the Solar System

Study of Variation in the Rotational Profile of the Sun Beyond Photosphere

Differential Rotation in the Sun has been a subject of fiery interest owing to its connection to the
Solar Dynamo and Solar cycle models. Although the photospheric and internal differential
rotation profile of the Sun is fairly understood, the rotation of the Solar atmosphere above the
photosphere is mostly debated due to the contrasting results in various studies. The availability
of multi-wavelength data from SDO/AIA, which probes the different heights of the solar
atmosphere, provides us with an opportunity to take a step in this direction. Therefore, in this
work, we developed a new method based on image processing to measure the rotation profile
of the solar atmosphere using the high-resolution SDO/AIA multi-wavelength data for 2010-22.
Our preliminary results suggest increased equatorial rotation rate with increasing height
(temperature) and rigidity (less differential) in higher layers. Furthermore, we also notice a small
hemispheric asymmetry in the rotational profile of the same.
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ASI2023_95 Sripan Mondal Poster

Sun and the Solar System

Reconnection generated quasi periodic plasma flows in localized solar corona

We analyze multiwavelength observations of the propagating intensity disturbances (PDs), discovered by
Atmospheric Imaging Assembly (AIA) onboard Solar Dynamics Observatory (SDO) to extract out
information about its driving mechanism and physical nature. We observe two elongated curved
magnetic flux tubes in the localized corona to approach and merge with each other followed by the
generation of brightening, which further propagates in a cusp-shaped magnetic channel. We probe an
occurrence of heating in this region-of-interest (ROI) via Differential emission measure analysis . We
extrapolate potential magnetic field lines at coronal heights from observed Helioseismic and Magnetic
Imager (HMI) vector magnetogram via Green’s function method using MPI-AMRVAC. Furthermore, we
inspect the field to locate magnetic nulls and quasi-separatrix layers (QSLs) which are preferential
locations for magnetic reconnection. We find the existence of dominant QSLs including a magnetic null
which is matching the geometry followed by PDs, therefore, it provides conclusive evidence of magnetic
reconnection. PDs are observed to exhibit periodicities of around four minutes. The speeds of PDs
measured by Surfing transform technique are similar to each other in three different SDO/AIA
bandpasses, i.e., 171, 193 and 131 A which therefore cancel out the interpretation of PDs in terms of
slow magnetoacoustic waves. We describe comprehensively the observed PDs as quasi-periodic plasma
flows generated due to periodic reconnection in the vicinity of a coronal magnetic null.

ASI2023 29 Suresh Babu Balaji Poster

Sun and the Solar System

Recurring Homologous Surges from the Boundary of the Active Region

We have studied the recurring homologous surges using Interface Region Imaging Spectrograph (IRIS)
and Solar Dynamic Observatory (SDO) observations. The spectacular active region (AR) 13006 produced
14 homologous surges on May 3rd, 2022, from 19:10 UT to 22:05 UT. All the surges originated from the
boundary of AR 13006. The time-distance analysis shows that these surges cover a very broad range of
velocities (i.e., 130 to 237 km/s), heights (i.e., 20 to 30 Mm), and lifetimes (i.e., 3 to 10 minutes). To
diagnose in-situ physical conditions in these surges, the Si IV spectral lines (i.e., Si IV 1393.78 and Si IV
1402.77) were used. The very complex profiles (i.e., double or multiple peak profiles) are found near the
bases of these surges, which justifies the abrupt energy release at the base. Further, we checked the
photospheric magnetic field using HMI observations, and it was found that the base of these surges lies
in the mixed polarities. We find that positive flux enhances before the triggering of each surge and further
decreases in strength over the lifetime of that particular surge. It seems that there is an indication of flux-
cancellation/annihilation. The base of these surges contains strong negative polarity and relatively weak
positive polarity. Hence, we say that the magnetic flux-cancellation/annihilation processes may trigger
recurring homologous surges. This aspect is further supported by the existence of complex and wide
spectral profiles near the bases of surges as there may be abrupt energy release in the flux-
cancellation/annihilation.
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ASI2023_572 Tarig Ahmad Mir Poster

Sun and the Solar System

Recent observations from Lead Free Gulmarg Neutron Monitor

The solar activity was unusually high during the month of September, 2017, despite being the
solar minimum period of 24th solar cycle. Intensive solar-terrestrial disturbances were caused by
Solar Active Region AR2673. Two earth directed CMEs were ejected which resulted in
interplanetary disturbances causing variations in the cosmic ray intensity that were picked up by
different ground based detectors. The Lead-Free Gulmarg Neutron Monitor (LFGNM) operating
on 24/7 basis at High altitude Research Laboratory, Gulmarg responded to these variations and
recorded a Forbush decrease event during this period. We describe the LFGNM system along
with the analysis and observations made during this intense solar activity period.

ASI2023_252 VED PRAKASH GUPTA Poster

Sun and the Solar System

Coronal rotation variation with altitude for time period (1980-1986) using solar radio flux

Solar radio flux emerge out from different heights of solar atmosphere can be used to estimate
the temporal and spatial variation of solar coronal rotation. The solar coronal rotation can also
be used as an indicator of the differential rotation of sub-photospheric layers. Disk-integrated
concurrent measurement of solar radio flux shows a solid reliance of the coronal rotation period
on the heights in the corona. Present work is an effort to find the variation in coronal rotation
with altitude in declining phase of solar cycle 21 i.e. for time period (1980-1986). The continuous
disk integrated solar radio flux at six different frequencies (430, 606, 810, 1415, 2695 and 2800
MHz) are used to estimate the rotation period. These radio fluxes are originating at different
heights of solar corona. Flux modulation method is used to estimate the rotation period. Solar
radio flux 430 and 810 MHz are recorded at Jagiellonian University Radio Astronomical
observatory, Cracow, Poland; 606, 1415 and 2695 MHz are recorded at Sagamore Hill Radio
Observatory Massachusetts, USA and 2800 MHz recorded at Dominion Radio Astrophysical
Observatory Pentincton. Using these data sets for each frequency different annual time series is
generated from daily radio flux data for study period. Periodic component present in the time
series cannot be estimated directly. Statistical technique Lomb Scargle Periodogram able to deal
with the time series having permissible data gaps, used here to estimate periodicity present in
the time series. Sidereal rotation period thus obtained are plotted against frequency originating
from different heights in solar coronal atmosphere. Altitudinal coronal rotation profile in
declining phase of solar cycle 21 shows some rigid, temporal and spatial variation in the solar
rotation, which may be linked with solar activity cycle. Detail work would be presented in paper.
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ASI2023_493 Vindya Vashishth Poster

Sun and the Solar System

Hysteresis near dynamo transition of the large-scale dynamo in presence of the small-scale
dynamo

In Sun and sun-like stars, there is a critical dynamo number for the operation of a large-scale
dynamo, in which, the rotation rate of the object plays a critical role. It is also expected that the
dynamo ceases below a critical rotation rate and this region is known as the subcritical region. In
our study, we explore the possibility of the operation of the dynamo in the subcritical region
using a Babcock--Leighton-type kinematic dynamo model. We find a hysteresis behavior near the
transition of the large-scale dynamo. As in the Sun, both large-scale (global) and small-scale
(local) dynamos are expected to operate at the same time and location, we check the hysteresis
behavior in a numerical model in which both large- and small-scale dynamos are excited. For this,
we use the Pencil code and set up an aQ dynamo model with uniform shear and helically forced
turbulence. We have performed a set of simulations at different relative helicity to explore the
generation of large-scale oscillatory fields in the presence of small-scale dynamo. We find that in
some parameter regimes, the dynamo shows hysteresis behavior, i.e., two dynamo solutions are
possible depending on the initial parameters used. A decaying solution was observed when the
dynamo was started with a weak field and an oscillatory strong solution was seen if the dynamo
was initialized with a strong field. Thus, the hysteresis of the large-scale dynamo is also observed
in presence of the small-scale dynamo, however, the regime of hysteresis is quite narrow for the
case without the small-scale dynamo.

ASI2023 628 Vishwajeet Swain Poster

Sun and the Solar System

Studying Near-Earth Asteroids with the wide-field GROWTH-India Telescope

The GROWTH-India Telescope (GIT) is a wide-field fully autonomous telescope for time-domain
astronomy, set up as a part of the international “Global Relay of Observatories Watching
Transients Happen” (GROWTH) network. One of the key science goals of GROWTH is the study
of solar system objects - in particular, Near Earth Objects (NEOs) and Potentially Hazardous
Asteroids (PHAs) that may disrupt human civilization. The detection and accurate astrometry of
such fast-moving near-Earth objects (NEOs) has been a far-standing challenge for the NEO follow-
up community. Their fast apparent motion results in streaks in sidereal images, thus affecting the
telescope’s limiting magnitude, i.e. reducing the target’s signal-to-noise ratio and chances of
detection. In order to boost the signal from faint objects, GIT uses non-sidereal tracking such that
the target remains a point source in the image, but stars become elongated streaks, making it
difficult to perform standard astrometry. No existing astrometry software is configured to detect
such elongated stars. We present Astreaks, a streaking source detection algorithm, to obtain
accurate astrometry of NEOs in non-sidereal data. The pipeline uses a precise background
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estimation technique that appropriately captures the background variations while also
considering the presence of elongated sources in the field. Further, we methodically compute
the Streak Spread Function (SSF) of elongated sources by convolving the PSF over the streaks. A
catalogue of sources detected in the background subtracted image is used to generate a synthetic
image that imitates a sidereal image, generating the SSF scaled point sources at the mid-time of
the exposure. The astrometry solution of this synthetic image gives the astrometric
measurements of the minor planet. We validate the astrometric accuracy of Astreaks on non-
sidereal tracked images for more than a hundred observed NEOs with the GROWTH-India
Telescope.

ASI2023 158 Yoshita Baruah Poster

Sun and the Solar System

Consequences of Geomagnetic Storms on Satellite Liefetimes at Low Earth Orbits

Coronal mass ejections (CMEs) and high-speed solar streams (HSS) are important drivers of space
weather. Fast CMEs and HSS having strong southward directed magnetic fields with respect to
the Earth’s magnetic field can generate geomagnetic storms when they impact Earth. During such
a storm most of the energy of interaction is dissipated into the Earth’s atmosphere in the form
of Joule heating. This leads to an upwelling of the thermosphere to altitudes where Low Earth
Orbit (LEO) satellites are situated. This process increases the drag on satellites stationed at LEO.
This has serious implications on their orbital lifetimes. By identifying Earth directed CMEs near
the Sun and detecting their near-Earth counterparts in in-situ data at L1, here we demonstrate
how to empirically determine the orbital decay of LEO satellites due to geomagnetic storms
caused by the associated CMEs.
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ASI2023_589 ABHISHEK R Poster

Instrumentation and Techniques

TPM related developments at RRI

The Square Kilometre Array (SKA) is the most sensitive Radio Telescope, to be deployed in the
most radio-quiet parts of the world: African and Australian deserts. These arrays will produce
very high volume imaging and non-imaging data streams and support exploring a variety of radio
astronomy problems. Complex hardware form part of digital backend namely Tile Processing
Module (TPM). We are involved in characterizing and building firmware features for this
hardware. Colleagues from GMRT and RRI labs are currently involved in this. This poster will
specifically provide details of the both digital and RF hardware developments in the lab.

ASI2023 297 Ajay Kumar Poster

Instrumentation and Techniques

Automated morphological classification of Fast Radio Bursts using a Deep Learning framework

Fast Radio Bursts (FRBs) show a wide variety of temporal and frequency structures in their
waterfall plots which could indicate different origins of the burst or emission mechanisms. CHIME
and other radio telescopes have detected a large number of FRBs and the detection rate is
expected to increase in the future. While morphology of FRBs is very diverse, it is not clear
whether different FRBs emerge from different emission mechanisms/astrophysical channels.
Rapid, automated classification of FRBs will enable multiwavelength follow-up (e.g. with ground-
and space-based telescopes) and the prioritisation of rare and anomalous events. We are
developing a classifier that can rapidly analyse any incoming telescope data to classify the FRBs
based on their morphology. Such a classifier can also help in understanding the statistics of FRB
morphology. These statistics can help support or reject various emission mechanism models for
the FRB. We have created simulated datasets in the form of images (intensity as a function of
time and frequency) for various observed FRB morphologies. We simulate bursts for each type
while varying different burst parameters like fluence, width, scattering measure, spectral index,
number of components etc. for SNR values of 10, 15, 25, 35, 50,100 to create a robust model that
can classify the five broad categories we identified. We have trained a deep learning model based
on CNN (Convolution Neural Network) to classify each pair of different types of FRBs. We will
discuss our methodology and preliminary results on the classification. The code and example
data for the framework will be made available for community usage.
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ASI2023_385 ANKITA PATEL Poster

Instrumentation and Techniques

Development of PRL Adaptive Optics (AO) Simulation Software

Here we shall describe the development of PRL Adaptive Optics (AO) Simulation Software to
model and simulate the performance of AO based instruments on small to mid sizes (typically 2-
3m diameter) ground based optical telescopes. The software is developed in the open source
Python package. Several effects that are of importance to astronomical AO systems have been
modelled in the computational algorithm e.g. beam propagation through turbulent media,
spatial & temporal variability of phase structures over the pupil, correction applied by
deformable mirror, residual error map, wave-front sensing and reconstruction of the pupil phase
map etc. A user-friendly Graphical User Interface (GUI) has been developed which can be used
for setting up several parameters related to an AO instrument simulation and visualize the
performance of various subsystems e.g. incoming phase screen, shape of deformable mirror,
residual error map, Strehl ratio of corrected wavefront etc. In the back-end, there are total 13
different processes running in parallel using Python-multiprocessing tools. To gain a better
understanding of the system, provisions have been developed to save and retrieve simulation
data as well as to modify visualization speed. The software can be easily deployed on any desktop
based computer having multi-core processor. The simulation software can be used to find out
the optimal hardware components and determine how the instrument behaves under various
sky conditions. Additionally, the package would be very helpful in resolving hardware-related
problems, which would otherwise be a difficult and time-consuming issue.

ASI2023 72 Arjun Ghosh Poster

Instrumentation and Techniques

Passive Mode Operation of CU-ST Radar for Sun Tracking

We know the power of ST Radar which is used in Atmosphere and weather studies. These applications
require the antenna to be used in active mode, where it illuminates the target with its own power source.
The huge power beamed per cycle comes at the cost of high costs being incurred. There is another way
to exploit these facilities: using them in passive mode. Where we depend on our target’s own radiation
or the radiation that target reflects of its surface and falls on the Radar Array Antenna. This way we
bypass any need of power emission from the Radar, hence there is huge reduction of operational costs.
We worked with the CU-ST Radar at Kalyani, West Bengal. An almost circular 475 Yagi-Uda Antenna Array
at 53 MHz with a bandwidth of 3MHz which has a collecting area of 7000 m2. We performed Sun Tracking
experiment in Doppler Beam Swinging Mode twice on 15th and 17th October, 2022. We pointed two
beams on the first day and seven beams on the second day. We obtained the incident power on the
Antenna as a function of time and a SNR plot which showed strong signatures of incident power which
dominated the Noise and was present for a short span of time during the sun transit across the beams.
We have studied the data and our work will present the potential of these Radars in passive mode
operation.
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Instrumentation and Techniques

Fifty-Five Years of Pulsar Search and beyond - as viewed from the SKA Era.

The first discovery of the pulsar was a serendipitous event, and it was part of the scintillation
study. Then onwards, the pulsar discoveries happened with the development of new instruments
and planned surveys. With modern computing and instrumental capabilities, the discovery rate
has grown tremendously. After nearly 55 years, the pulsar search techniques have grown to be
an art, with several surveys ongoing both on radio and other windows. The search technique
planned for the SKA is a real-time search and requires very high-performance real-time
computing. The SKA survey will search the open sky with multiple beams. This poster will
highlight the salient aspects of the pulsar search efforts and their growth in capabilities over time
and show how the search will be carried out in the SKA. It will also highlight the Indian
contributions to this effort.
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PISTA: an open-source python-based image simulator

The INdian Spectroscopic and Imaging Space Telescope (INSIST) is an upcoming dedicated space
mission designed to observe the UV-Optical sky. To address the simulation objectives of the pre-
project phase of the INSIST, we present the Python Image Simulation and Testing Application
(PISTA), an open-source python-based resolved stellar population image simulator. PISTA
employs position and flux information from pre-existing catalogs for simulating optical images
based on different telescope and detector specifications. It treats various detector noises and
shows their effects in the simulated images. Resolved stellar population simulations provide
guantitative comparisons between photometric systems, which is crucial in the designing phase
of the telescopes. For INSIST UV sky simulations, we employ SED fitting on the PaNSTARRs and
HST data for obtaining UV flux in the INSIST UV filter. The SED fitting utilizes GPU processing to
reduce computational time. Overall, PISTA offers an ecosystem for aiding next-generation
telescope projects in their development and testing phases, providing crucial quantitative
estimates on sensitivity and resolution.
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Cadmium Zinc Telluride detector calibration and characterisation for Daksha

The proposed Daksha mission, consisting of two satellites in antipodal orbits, has been designed
to detect and characterize transient high energy events (1 keV - 1 MeV) over the entire sky,
including the electromagnetic counterparts of gravitational wave events, gamma-ray bursts, and
magnetar flares. Cadmium Zinc Telluride (CZT) detectors cover the 20-200 keV energy range and
are the workhorses of the telescope with the highest effective area. Each satellite will have 17
flight-worthy Medium Energy packages, with each package having a total of 20 CZT detectors.
We, therefore, need to characterize and calibrate about 1500 CZT detectors through thermal
cycling, pixel level gain and offset measurement, spectral resolution measurement with multiple
radioactive sources, and identification of bad and noisy pixels at different discrimination
thresholds and operating temperatures. We present the hardware setup for calibration and
characterization at a large scale and the software pipeline for data processing. We will also show
preliminary results from the calibration and characterization of existing detectors.
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A new version of fisherman around the pond fiber positioning system for medium multiplexing.

In this work, we modified the concept of the fisherman around the pond-type fiber positioning
system that corrects atmospheric dispersion and operates on a curved, non-telecentric focal
plane with a physical size of more than one meter in diameter. This work intends for multi-object
high-resolution optical spectroscopic applications of the thirty-meter telescope. A large field of
view is required for high-resolution multi-object spectroscopy to choose bright objects suited for
high resolution. However, It is challenging to use large prisms to correct atmospheric dispersion
of the entire TMT's twenty-arc minute field of view (2 2.6m focal plane). Hence, we adapted a
concept of correcting dispersion for individual objects after the focal plane. As a result, we
developed a new version of the fiber positioning system," fisherman around the pond," where
each positioner has four degrees of freedom and a pick-off mirror. Also, It can accommodate
optical elements like fiber feeding optics and an atmospheric dispersion corrector. This design is
appropriate for high-resolution spectrographs that typically need medium multiplexing. This
design allows the positioner to access any object on the focal plane with maximum targeting
efficiency, only limited by the positioner's size. Hence, an efficient global target allocation and
sequential motion algorithms are needed. Here, we present optomechanical conceptual design
and algorithms for target allocation and positioning of fibers.
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Telemetry data decoding and graphical user interface software for balloon-borne experiment

The Balloon Facility of Tata Institute of Fundamental Research (TIFR-BF), Hyderabad launches
zero pressure scientific balloons every year for research in the field of astronomy, astrobiology
and atmospheric science. TIFR-BF being near to the equator has several advantages for the
experiments in astrophysics and being close to the convergence zone, it is an important site for
atmospheric science experiments. TIFR-BF has the capability to design, fabricate and launch Zero-
pressure balloons and also recover the payload for reusability. The instrumentation group
provides the complete data downlink, uplink and tracking support. In this paper, we will present
LabVIEWTM based Telemetry data decoding and graphical user interface software for balloon-
borne experiment. This software will receive S-band telemetry data on UDP port, it will extract,
decode and display on board Telecommand housekeeping data. This software also can be
customized to extract and decode information from received S-band telemetry data which is
transmitted from various astronomical, atmospheric or any onboard science payloads. It will also
display these data graphically and in a user-friendly format.
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EFFICIENT SEARCH FOR PULSARS IN COMPACT BINARIES

Double neutron stars (DNSs) in compact binaries are excellent systems to test the theories of
gravity in strong fields. The measurement of the post-keplarian (PK) parameters probes the
temporal evolution of the orbit, whereas compact orbits offer higher measurement precisions
for some of the PK parameters in turn allowing enhanced precision for gravity test. Thus finding
pulsars in such compact binaries (preferably DNS) becomes important in order to measure the
PK parameters more accurately. The double pulsar system allowed us to measure the PK
parameters and validate the GR with 99.9958% confidence. But, if we could find DNSs with a
more compact orbital period, we will be able to constrain GR with more precision and also can
test other probable gravity theories as well. Till now, 19 DNSs have been detected, with the most
compact one with an orbital period of 1.88 hours. The merging timescale of this 1.88 hours
system being much higher than the predicted rate of DNS merger, confirms that there are more
compact binaries with an orbital period < 1.88 hours. The ongoing GMRT High-Resolution
Southern Sky (GHRSS) survey with mild acceleration correction is having a binary fraction of 14%
(higher than the total Galactic pulsar population). However, the GHRSS processing encounters >
2 times sensitivity degradation for pulsars in compact binaries due to not employing jerk search.
We show that implementing jerk+acceleration correction allows us to detect the missing
population of compact binaries. However, the jerk search using PRESTO on CPU is significantly
compute-intensive and not practically implementable. In this presentation, we demonstrate a
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jerk+acceleration search pipeline using GPU, which provides a feasible solution for applying these
corrections even for blind search like the GHRSS survey. We also highlight the prospect of
performing real-time jerk search with the GMRT for the globular clusters and high-energy point
sources.
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Appreciating Indian Astronomical Heritage with Jantar Mantar through Citizen Science

The Jantar Mantar Observatory is an astronomical marvel that Raja Jai Singh Il built in 1723 in
Delhi. Similarly, four other observatories were constructed in different parts of North India
namely Jaipur, Varanasi, Ujjain, and Mathura. In 2004 Late Dr. Nandivada Rathnasree started
reviving the usage of this observatory in New Delhi and reinstated it for the purpose of studying
astronomy and research in Positional Astronomy with her students. This instrument is a sundial
and a walk-in observatory to understand the coordinate system - Horizontal Coordinate system
and Equatorial coordinate system. Some results of the observations have already been published
that show the accuracy of the instruments within the error of 0.1-1 degree (Ram yantra and Jai
Prakas Yantra, New Delhi) at the Delhi observatory. The Ram yantra is used as a map of the
respective city’s sky and gives the local coordinates-altitude and azimuth of the naked eye
observed celestial objects in the sky. This instrument consists of two cylinders that have a least
count of 0.1 degrees. The Jaiprakash Yantra consists of two complementary hemispherical-
shaped bowls facing the sky, which can measure global and local coordinates. These two
instruments are important measurement instruments. The results and data will help in the better
understanding of the instruments that would come to use at the time of the restoration of the
observatory, as the markings are now missing due to weather conditions and other external
factors. This observatory depicts the rich astronomical heritage of India and should be preserved
for generations to come. This masonry observatory is a gateway to peep into the past yet observe
the present. The observatory is a good example of developing the scientific temperament and
understating of positional astronomy. This is a citizen science initiative and helps in mass
awareness of the subject.
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A Study of the Statistical Properties of Powerline RFl at GMRT

Radio Frequency Interference (RFl) is a significant challenge ground-based radio telescopes face.
Giant Metrewave Radio Telescope (GMRT), which has recently undergone an upgrade, has a real-
time RFI mitigation system to tackle powerline RFI. This system, a part of the GMRT Wideband
Backend (GWB), is released for the upgraded GMRT (UGMRT) user community. The real-time
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mitigation system can detect and mitigate most of the strong powerline RFI, which manifests as
outliers in the Gaussian distribution of the astronomical signal. To further optimize the mitigation
system's performance and explore learning-based techniques, a more detailed study of the
statistical properties of the RFl is required. We carried out an analysis on high-time-resolution
digitized time series at different observing bands. Powerline RFl occurs as a bunch of impulses
repeating every 10ms and is caused due to sparking on power lines and electrical power
distribution equipment. The RFI properties change broadly across the antennas, observing
frequency, and observation time. We broadly classified the powerline RFI as individual sparking
events, a bunch of impulses, and bunches. We modelled the randomness in the occurrence of
impulses, their inter-arrival time, and amplitude distribution. The density of impulses in a bunch
and the average on and off durations of RFl were analyzed using Median Absolute Deviation
(MAD) based estimation and threshold detection. Individual spark morphology was analyzed
using curve fitting. We would present analysis results and inferences from various GMRT data
acquired at different times and observing bands. Finally, to implement automated detection and
learning-based approaches, we used a combination of Kurtosis (fourth statistical moment) and
MAD to detect spark bunches. We are fine-tuning this approach to cover the variability of bunch
boundaries across different datasets.
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Open-source toolchains and Python modules for estimating focal-plane image performance of
astronomical telescopes

We present optical simulations using free/open-source software - POPPY (Physical Optics
Propagation through Python) and RAYOPTICS — for estimating effects of diffraction and optical
aberration on the quality of image obtained by astronomical telescopes. Poppy is a software
developed to estimate the Point Spread Function(PSF) of the James Webb Space Telescope
(JWST) and is now available as an open-source python module. We have implemented the object-
oriented framework of POPPY to model the 1.2M telescope of Mount Abu Infrared Observatory
(MIRO). We have simulated the primary and secondary mirror apertures as well as the
obstruction created by the secondary support structure to obtain the two-dimensional PSF of the
telescope. The PSF, encircled energy profiles and radial profiles are obtained at different
wavelengths -- spanning the visible to Near-infrared wavelengths (400nm to 2500 nm) — thus
quantifying the resolution of the telescope. Owing to inherent good seeing at the site of MIRO,
this analysis is of particular importance for upcoming infrared instrumentation projects such as
the Near Infrared Imager Spectrometer and Polarimeter (NISP). RAYOPTICS is a fully open-source
software based on Python and PyQT . It is capable of raytracing optical elements in both CLI and
GUI modes and can also import ZEMAX design files. The open-source nature of the software is
promising for the scientific community in general. We have created a sequential model of the 1.2
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M telescope within RAYOPTICS to produce the ray diagram, spot diagrams and Seidel aberration
plots for analysing the contributions of optical aberrations considering the optical parameters
such as radius of curvature and asphericity. The methods and techniques employed here can be
generalised for image quality analysis of any telescope as well as different optical systems.
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Use of sky fiber to correct for solar light contamination in EPRV

Solar light contamination from the lunar and atmospheric scattering of sunlight results in
systematic errors in stellar radial velocity (RV) measurements. It can significantly reduce the 10
cms-1 sensitivity required to detect and characterize terrestrial exoplanets in or near habitable
zones of Sun-like stars (Roy et al., 2020). NEID (NN-EXPLORE Exoplanet Investigations with
Doppler spectroscopy) is an optical EPRV Spectrograph on the WIYN 3.5-meter Telescope at Kitt
Peak National Observatory, Arizona, USA. The NEID fiber head comprises of sky fiber, science
fiber, calibration fiber, and coherent fiber bundles (CFBs). The addition of low-level spectral
contamination at variable effective velocity offsets introduces systematic noise when measuring
velocities using classical mask-based cross-correlation techniques. In this work, | will present the
effectiveness of using the simultaneous data from the sky fiber to correct for the solar light
contamination in the science fiber spectra of the star. This correction technique is expected to
reduce this source of sky contamination error to below the photon-noise limit of typical stellar
observations
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Automated transient detection in the context of International Liquid Mirror Telescope

In the era of sky surveys like the Palomar Transient Factory (PTF), the Zwicky Transient Facility
(ZTF), and the upcoming Vera Rubin Observatory (VRO) and the International Liquid Mirror
Telescope (ILMT), a plethora of astronomical data is expected. The ZTF scans the sky with a FoV
of 48 deg2 and the upcoming VRO will have a FoV of 9.6 deg2 but with much larger aperture. The
FoV of the 4 m ILMT covers a 22’ wide strip. Detection of transient sources require the images to
be processed through a Difference Imaging Algorithm (DIA) and subsequent identification and
classification. With its limiting magnitude of 22 in g’ filter, the ILMT is expected to discover several
known and unknown stellar sources including transients. We propose an image subtraction
algorithm and a Convolutional Neural Network (CNN) based automated transient discovery
system in order to detect and identify these sources. This system will be integrated in the ILMT
transient detection pipeline in future.

184




ASI2023_274 Mani Khurana Poster

Instrumentation and Techniques

Implementation of Island Image Cleaning Method for the MACE Telescope

Major Atmospheric Cherenkov Experiment (MACE) is a gamma-ray telescope recently installed
at Hanle, Ladakh. The telescope plays an important role in the study of very-high-energy (VHE)
gamma-ray Universe above 20 GeV. This telescope works on the principle of IACT (Imaging
Atmospheric Cherenkov technique), where Cherenkov photons produced by secondary particles
in the extensive air shower are collected by a large reflector and recorded using an array of Photo
Multiplier tubes. The challenge in this technique is to remove the night sky contribution in the
image and huge cosmic-ray backgrounds to retrieve the signal from a gamma ray source. Aiming
to reconstruct the complete image of the shower we have developed the algorithm to implement
the island image cleaning method. Static Cuts and the Machine Learning algorithm have been
implemented to segregate the gamma rays from the cosmic background. A validation of this
study has been done by calculating the significance using the Island and the standard cleaning
method. The observed superiority of the island method over the standard cleaning method using
both simulation and observation data will be presented in this meeting.
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Determination of UV Diffuse Background Radiation and verification of GALEX Deep and Medium
Airglow Model

GALEX ultraviolet observations are composed of Foreground emissions and Background
radiation. In our previous works, we modeled and estimated Airglow and Zodiacal light, the main
Foreground Emissions, using Deep and Medium GALEX Observations. In this work, we extend our
research by subtracting these foreground emissions and obtaining the FUV and NUV diffuse sky
background radiation. We found these resultant values to have a positive correlation with IR 100
micron intensity as well as with the optical depth. The diffuse sky background also shows
cosecant variation with galactic latitudes as proposed in earlier literature work. In addition, we
ran a single scattering model with Henyey & Greenstein scattering function for the targets under
study, and observed the resultant scattered flux to be highly compatible with the diffuse UV
radiation we derived especially in low dense regions. As stellar light scattered by interstellar dust
is the main contributor of the diffuse UV background radiation, our derived diffuse UV
background radiation values and Airglow model are hence verified by this work. Keywords: Solar
Activity; Astronomical Space missions and instrumentation; ultraviolet:ISM; atmospheric effects
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RAD@home RGB-maker web-tool for citizen science research in multi-wavelength study of
AGNs with radio jets

Here we shall briefly present RAD-RGB-maker Tool, a python-based web app that uses the power
of open source to make the citizen science research collaboratory model of RAD@home, despite
being zero-funding and zero-infrastructure, successful and sustainable. The python-based web
application fetches FITS image data through NASA SkyView and generates a false coloured image
with these data in Red-Green-Blue colour channels with contour (RGB-C). These RGB images use
data from archival surveys of DSS2 IR-R-B (optical), WISE22-DSS2 R-GalexNUV (Infrared-Optical-
Ultraviolet or IOU) and TGSS-DSS2R-NVSS (Radio-Optical-Radio or ROR) in the respective RGB
channels which helps in the analysis and peer-discussion of the potential new discoveries in a
uniform format. Participating daily (through social media), one-day events or in week-long
trainings, University-level students or science-graduate citizens get skilled in these RGB-C image
analysis and identifying rare/important features in the faint and fuzzy radio sources. Uniform
images from the RGB-maker tool, help them discuss with others in the group and they can
eventually report it as a potential new discovery. These new found sources become part of GTAC-
approved GOOD-RAC project for follow up observations.. On average, the RGB-maker web page
has ~15 pageviews and, in the facebook group, this leads to ~5 RGB-image comments each day.
The RAD-RGBmaker tool which is being used successfully by thousands of citizen scientists in
India has the potential to be part of citizen science efforts in Nepal and neighbouring countries.
Through the Outreach programme of the IAU Symposia, we have started to train undergraduate
participants of the conference and science graduate students/citizens of Nepal to be part of our
Collaboratory for citizen science research.
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The Optimal Utilization Of Vainu Bappu Telescope For Spectroscopy

VBT is a 2.34m equatorial telescope. It is a classical-design telescope with primary parabolic and
secondary hyperbolic profiles. Three spectroscopic instruments are used with VBT - Optical
Medium Resolution (OMR) spectrograph, Echelle high-resolution spectrograph, and SILFID low-
resolution spectrograph. The High-resolution Echelle spectrograph is coupled from the prime
focus of VBT, while the other two are coupled from the Cassegrain focus. Presently, spectroscopic
observations are carried out with one instrument at a time. To optimize the usage of VBT light,
we devised a method to utilize the half-degree field of view of VBT and all three spectrographs
simultaneously. We present here the concept of optimization and preliminary design of the wide
field, its supporting system, and the concept of optimization of VBT for effective utilization of
observation hours that can accommodate multiple spectrographs to use simultaneously.
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Gauribidanur 34.5 MHz Decameter Wave Array Radio Telescope - Status update and future
plans

The Gauribidanur Decameter wave array radio telescope operates at 34.5 MHz and is located in
a relatively radio-quiet zone near Bangalore. Due to the recent C-19 disruptions, the telescope
was not operational for a substantial period requiring significant maintenance. The proposed
poster will provide an update on the ongoing upgrade activity highlighting future observational
plans, especially its importance for the low-frequency radio astronomy connections to space-
based missions. We will also present details of potential sky overlap significance with the GMRT,
the upcoming SKA low-frequency telescope, and its importance to pulsar observations. We will
also discuss the telescope's limited polarimetric observational capabilities. Besides these details,
we will also present a brief account of the RF and digital signal flow details, highlighting the digital
signal processing planned using FPGA-based hardware.
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PRL Mt Abu 2.5m Telescope and Back-end Instrumentation.

In this talk, I'll summarize the PRL Mt Abu 2.5m Telescope performance results and an overview of First
light backend instruments PARAS-2 and Faint Object Camera. The PRL Mt Abu 2.5m Telescope, situated
at 1680m at Mt Abu, Rajasthan, is the second-largest astronomical telescope in India. The 2.5m Telescope
was designed and developed by AMOS Belgium in accordance with PRL's scientific requirements. The 2.5-
meter telescope was set up on Mount Abu, and its Site Acceptance Test (SAT) was completed in the
middle of October 2022. PARAS-2:(PRL ADVANCED ABU SKY SEARCH) is a High-Resolution Fibre Fed
Spectrograph, a second-generation instrument developed in-house as one of the backend instruments
of 2.5m Telescope. Resolution of approx. 110000 in the 380 to 700 nm wavelength range. To achieve
radial velocity measurement precision of less than 1m/sec, the spectrograph is kept inside a stable
environment (Pressure &Temperature). Faint Object Camera (FOC): CCD Imager consists of a set of SDSS
(Sloan Digital Sky Survey) u, g, r, |, and z photometric band filters with a 4k X 4k ANDOR CCD. With the
aforementioned filters, CCD Imager will primarily be used for photometry studies of various astronomical
objects. The CCD imager's FOV is 10' x 10".The instrument is attached to the main port of the 2.5m
telescope. Two filter wheels (diameter approx. 360mm) have been realized for mounting the filters. The
controller for filter wheels is designed and developed entirely in-house. Custom-built software has been
developed in-house for atomizing the operations of the instrument. The neutral density filter will help us
image bright sources without saturating the detector. The FOC will be sensitive enough to detect faint
sources with the sky background limit of 21 magnitude in the SDSS i-band and will be helpful for
extragalactic astronomy and GRB observations.
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Optical observations of spacecraft in Geosynchronous and Geo Transfer Orbit using 1.2M PRL
telescope

In this paper, the methodology used in optical observations of IRNSS-1C and GSAT-6A spacecraft
is described. The optical observations were carried out using high-resolution small field of view
1.2-meter astronomical telescope operated by Physical Research Laboratory at Mt. Abu in the
year 2018. The steps followed in optical tracking, pointing, imaging and photometry are briefed.
An astronomy grade CCD camera for optical band and Near Infrared camera (NICS) is used for
infrared band imaging. The experiment was carried out using indigenously developed hardware
interface utilizing Predict software. The non-sidereal tracking method developed for observing
objects like comets and asteroids (which have large apparent motion relative to the distant stars)
were utilized for observing the artificial satellites. IRNSS-1C is an operational spacecraft in
geosynchronous orbit whereas GSAT-6A, en route to geosynchronous orbit encountered an
anomaly and stranded in Geo Transfer Orbit (GTO). IRNSS-1C astrometric data is used to
determine the orbit using azimuth and elevation data. Thus, derived orbital parameters are
compared with respect to operational orbit determination results. GSAT-6A photometric data is
used to determine the rotational spin period using fast photometry. The results derived in this
work, encourages to initiate optical observation campaigns which would be helpful for on-going
space situational awareness activities of ISRO. Acknowledgements: We acknowledge Dr Anil
Bhardwaj, Director, PRL and H. P. Shenoy, Director, Master Control Facility, for constant support
and encouragement in this work.
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SKA Low-frequency telescope : Digital Beamformer characterization and enhancement

Digital beamforming is a technique used in modern radio telescopes such as Square Kilometre
Array (SKA) to flexibly receive the signals from the direction of interest. These modern telescopes
also provide multiple beamforming to simultaneously observe different sky directions. Multiple
beams enhance observational/survey capabilities. The Square Kilometre Array (SKA) is the most
sensitive Radio Telescope, to be deployed in the most radio-quiet parts of the world: African and
Australian deserts. The first phase of the project, also known as SKA1 will commission 197 dish
antenna arrays in South Africa and 1,31,072 element aperture arrays in Western Australia.
Together, these arrays will observe over an extensive frequency range from 50 MHz to about 15
GHz. We are collaborating with the SKA team to develop a multiple beamforming for SKA-Low
frequency telescope. Presently validated SKA firmware has the capability to produce eight basic
beams in a specified region of sky. However SKA-Low telescope would need 48 beams to be
produced simultaneously. We are working towards increasing these number of beams to 48. The
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work involves development of firmware modules and their characterization. The talk will give
brief introduction to the digital beamforming technique, provide an update on development so
far , details of SKA antenna layout and results from the phased array beam response study we
made using the SKA OSKAR simulation package.
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Measurement of Night Sky Background at MACE site in Hanle, Ladakh

The MACE (Major Atmospheric Cherenkov Experiment) gamma-ray telescope has started its
regular science observations at Hanle in the UT of Ladakh. Equipped with a 21m diameter quasi-
parabolic reflector, MACE belongs to the class of extremely large gamma-ray telescopes in the
world. Performance of such telescopes strongly depends on the altitude of site and intensity of
night sky background or light of night sky. Their data acquisition is highly affected by the
accidental triggers caused by photons of night sky background which are collected by the large
optical reflector of the telescope. Night sky background is the diffuse light from moonless night
sky and accounts for the contributions from starlight, air-glow, zodiacal light and ambient light
from the surroundings. In this contribution, we present results from the recent brightness
measurements performed at Hanle in Ladakh at an altitude of ~4.3 km above sea level in the
wavelength range 200-750 nm using Unihedron made sky quality meter. These measurements
have been carried out over a period of six months during every moonless night at different zenith
angles and in all four geographical directions. We observe that the current level of night sky
background has significantly increased in two decades and peaks in the zenith angle range of 40°-
70° in all directions.
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Initial Developments in the SKA-TPM Beamformer Activity at GMRT

Giant Metrewave Radio Telescope (GMRT) is a member of the Low Frequency Aperture Array
(LFAA) consortium of the Square Kilometre Array group in India (SKA-India). SKA-Low would
operate in a frequency range of 50-350 MHz and utilises an array of log-periodic antennas. 256
numbers of such Log-periodic antennas are used at each station, the signal from these antennas
are processed to form beams which are further transported to a central processing room. The
signal processing in LFAA would be carried out using Tile Processing Module (TPM), which is a
FPGA-based hardware board for implementing beamforming system developed by the Italian
collaborators. GMRT Backend team is currently involved in setting up the TPM and its control
machine, testing beamformer design functionality using Aperture Array Verification System
(AAVS) software, validating results, identifying possible bugs in the AAVS and fixing them. We are
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currently involved in the characterisation of system components to achieve performance,
identifying possible testing procedures to test part of the beamformer (particularly the phase
correction and calibration modules). At present, the TPM is being tested using the RF test setup,
however, in future, we plan to test the TPM hardware with the antenna signals. In parallel with
these activities, we plan to add a real-time Radio Frequency Interference (RFI) mitigation block
to the TPM beamformer signal processing chain. As an initial effort, we have developed a
technique similar to that used for mitigating RFI in real-time in the Upgraded GMRT (uGMRT)
backend. In this poster, we provide an introduction to the SKA beamformer activities being done
in the GMRT labs and present initial results from the functional simulation of the RFI filter design.
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Significance of air safety devices viz. ATC-Transponder and Radio Beacon, and its functional
automation on Scientific payloads

The TIFR Balloon Facility is a one-of-a-kind facility that provides comprehensive scientific
ballooning solutions for high altitude scientific research studies. Due to safety concerns, scientific
balloons are subject to restrictions and regularizations by the International Civil Aviation
Organization (ICAO) and are categorized as Unmanned Free Balloons (UFB) globally. All countries
with their own civil aviation agencies, such as Directorate General of Civil Aviation (DGCA) in
India, are required to abide by ICAO guidelines in order to uphold the rules and advisories. The
air safety sub-system, in particular the ATC-Transponder (XPDR), a standard device for Air Traffic
Controller (ATC) communication for identifying and maneuvering the air traffic is typically
operated in the air corridor during ascending from the ground to approximately 15 km of altitude
and during descending post experiment from approximately 15 km altitude to ground. However,
no XPDR suitable for high altitude ballooning is currently available but Automatic Depended
Surveillance - Broadcast (ADS-B) as an additional extended feature of modern era, is a crucial
device’s function for UFBs. A Radio beacon is another device used as a safety measure as
stipulated by civil aviation authorities of India. The beacon transmits the signal 'TFR' in Morse
Code to forewarn approaching aircraft of the descending payload in space. It operates only during
descent from about 15 km by deploying 82 meters long monopole antenna. Both these device’s
functions are automated through developed electronics and additionally the XPDR can be
controlled by tele-command interface in some of the experiments. The significance of these
devices will be presented in detail.
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CORRELATION OF ZERNIKE POLYNOMIAL COEFFICIENTS AS A FUNCTION OF ANGLE ON SKY

The Earth’s atmosphere, due to its inhomogeneous nature, distorts incoming celestial light. This
leads to reduced resolution of ground-based telescopes. To minimise the negative effects,
Adaptive Optics (AO) systems are used to correct for the wavefront distortions in realtime.
However, the field-of-view that can be corrected by using a classical single conjugate AO system
is limited to few arc-seconds. This is due to the isoplanatic patch - region of atmosphere over
which phase disturbances introduced to the wavefront can be considered to be minimum. We
have used the H-S\alpha$ images of the Sun taken at Merak and the Parametric Search Method
(Rengaswamy, Ravindra, and Prabhu (Solar Phys. 294, 5, 2019)) to determine the Sr_0S values
by considering different angular regions of the solar image and obtained a plot of angle on the
sky versus Sr_0S. We have then generated phase screens of these Sr_0S using Kolmogorov model
for atmospheric turbulence and decomposed them into Zernike polynomials. Now, the
correlation of the Zernike coefficients as a function of angle on the sky can be estimated. We
have compared our results with theoretical predications made from analytical equations. This is
one way of practically establishing the isoplanatic patch during the daytime.

ASI2023_576 SISIRA P.K Poster

Instrumentation and Techniques

Updates on DMD Controller Interface Implementation for INSIST project

The INSIST (Indian Spectroscopic and Imaging Space Telescope) is a UV-optical 1m class telescope
expected to produce high-quality imaging and moderate-resolution spectra of astronomical sources. A
Digital Micro-mirror Device (DMD) will be used in front of the onboard spectrograph for sampling light
coming from astronomical sources of interest in the light path. The role of DMD here is similar to the slit
mask used in conventional spectrographs. DMD comprises tiny mirror lets arranged in the form of pixels
that can be flipped between two pre-defined positions by applying digital signals. By selecting the
appropriate pixels on the DMD the required slit mask shape can be configured. The DMD controller
interface module which will transfer the slit mask pattern to the DMD device is under development. The
controller interface module will receive the telemetry of the DMD chipset and display the DMD's health.
This controller interface takes the data from the user, which contains how many rows and columns of
DMD are to be flipped for a particular observation. This module will convert Row and Column data in a
format that is suitable to the DMD chipset and transfer it to the chipset with a suitable command format.
Presently the hardware and software modules for sending data and clock inputs to the DMD along with
the control signals are under development. The key requirement of generation and measurement of
Clock and Data signals with skew and jitter characteristics <+/-150ps was achieved. Present status along
with test results will be presented in this poster.

191




ASI2023_130 Srinadh Reddy Bhavanam Poster
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Combined Dictionary Learning and Attention Augmented Deep Models for Cosmic Ray
Detection in Astronomical Images

Cosmic Ray (CR) hits are the primary contaminants in astronomical images obtained through
optical photometric surveys. Detection and flagging CR-induced pixels from single exposure
Charged Coupled Device (CCD) images is essential to ensure only top-quality data is used for
scientific analysis. Both conventional and recent deep-learning-based CR detectors require
experimental parameter tuning for different instruments or large volumes of training data,
respectively. In this work, we present a Signal Processing algorithm called Dictionary Learning
(DL) for CR detection that can embed the spatial signature of the CR hits (typically appear in
patterns like dots, lines and curves) mapped in the images. Unlike the pixel-level classification,
we proposed patch-level classification to detect the CR hits. We then studied how patch-level
classification helps guide the pixel-level CR detection models. We characterise the CR patches
uniquely using their sparse representations obtained from a learned dictionary to distinguish
them from other actual astrophysical sources in the image due to the distinct and identifiable
spatial signatures of CR hits. We demonstrated the performance of the proposed DL-based CR
detectors using images from the Dark Energy Camera (DECam, ground-based) and Hubble Space
Telescope (HST, space-based). The three main contributions in this work are 1) Novel DL-based
algorithm is proposed for CR detection at the patch level, which helps obtain the coarse CR maps.
2) Coarse map generated from the DL algorithm is fed through a separate channel along with the
contaminated image to detect the CR-induced pixels more accurately and better guide the deep-
learning-based CR segmentation models. 3) Channel-Attention between the contaminated
images and the coarse CR map is proposed to provide additional supervision to the deep models.
We demonstrate that compared to the baseline deep-learning-based CR detectors, the proposed
DL-augmented and DL+Attention augmented deep-learning models perform superior.

ASI2023 466 Stalin Peter G Poster

Instrumentation and Techniques

Scientific Ballooning-Applications for Space Science Studies

Scientific ballooning provides many opportunities in various science disciplines, especially in
space science research with frequent and low-cost experiments. The Balloon Facility of Tata
Institute of Fundamental Research in Hyderabad, India is unique in the country and the world as
it provides complete scientific ballooning support from balloon design to launch, and payload
recovery. In the recent past, TIFR Balloon Facility has provided its support to various balloon-
borne experiments like Infra-red Astronomy, atmospheric science studies etc., in collaboration
with different national and international research institutes. Recently, Balloon Facility has
developed different kinds of zero-pressure balloons of volume ranging from 300 m3 to 740000
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m3, the development of medium volume aerostats (~¥103 m3) for carrying heavier payloads up
to 1 km height for Wi-Fi communications in rural areas, the development of high strength balloon
load tapes of breaking strength of 800 kg with Dyneema yarn, etc. A summary of the various
balloon flights conducted in recent years will be discussed and the plans for new developments
for ballooning and its support instrumentation will be presented in this talk.

ASI2023 569 Stanzin Norlha Poster

Instrumentation and Techniques

Feasibility study on enhancement of the light collector area of TACTIC y-ray Telescope

The TACTIC (TeV Atmospheric Cherenkov Telescope with Imaging Camera) y- ray telescope has
been operational for several years at Mt. Abu (24.60 N, 72.70 E, 1300m asl), India, to study TeV
gamma-ray emission from celestial sources. The telescope has a 9.5m2 tessellated light collector
and a 349-pixel medium-resolution imaging camera. The light-collector of the TACTIC telescope
uses 34 front-face, aluminium-coated, circular spherical mirrors, each 60 cm in diameter, with a
focal length of ~4000 mm. The dead space of the telescope basket employing the present circular
mirror arrangement accounts for ~ 30% of the total area. The two largest contributors to the
dead space are the gap left between the circular mirrors and the projection of the clamps on the
mirror surface. A feasibility study was conducted to investigate the effect of replacing the current
mirrors with 60 square diamond-turned metallic mirrors, each of size 445 x 445 mm, which
results in ~25% increase in light collection area. Preliminary calculations show that the
telescope's threshold energy will be reduced from 850 GeV to 600 GeV due to an estimated
increase in light collection area. The telescope sensitivity is also expected to improve with the
source detection time of ~ 7 hours at 50 statistical significance level, instead of the current ~12
hrs. The proposed design of the light collector area of the telescope employing the square
metallic mirrors, its support mechanism and preliminary sensitivity estimates would be
presented in the meeting.

ASI2023_9 SUBHADIP SAHA Poster

Instrumentation and Techniques

Updated work on designing a sophisticated phased radio array for cosmic ray detection since
ASI-40, 2022.

Interferometers (synthesis arrays) and phased arrays (aperture arrays) are presently the major
topics of active research and exploration in the development of modern radio telescopes. While
interferometery improves angular resolution of the telescope, phased array beamforming
enhances the signal-to-noise ratio (SNR) at the detection level. Therefore, these two principles
are complementary to each other, hence can be deployed in a hierarchical array configuration to
augment the sensitivity of radio (signal) detection. However, in comparison to the sources in
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radio astronomy, in cosmic ray radio detection, the source(s) of radio impulse(s) is extended,
relativistically moving and generally resides in the radiative near-field region (Fresnel region) of
the detection site. So, the point source and plane wave approximations do not hold anymore.
Consequently, signal strength drops off rapidly away from the core. Therefore, a faint CR induced
signal differs substantially from a faint astronomical signal, hence detection of the former is more
challenging and yet to be achieved. So, available highly sensitive radio telescopes or
interferometers such as LOFAR, LOFAR Super Station, MWA, SKA etc. are not suitable stand-alone
instruments for detection of CR induced radio signals at the desired sensitivity, in a typical non-
radio-quiet environment. Hence, most of these instruments serve primarily for radio
astronomical purposes and cosmic ray detection as secondary objective, only at a higher
detection threshold. A hierarchical phased array system, with “Radio Interferometric Technique”
analysis-framework has promising potential to bring down the the lower detection threshold to
few tens of PeV, of course, with the unprecedented core resolution of existing GRAPES-3
scintillator detector array. Technologically, such a demonstration could potentially be first of its
own kind.

ASI2023_149 TASHI THSERING Poster

Instrumentation and Techniques

Development of a moderate size Direct Drive based Alt-Azimuth Telescope.

An Alt-Az Telescope of moderate size which can handle up to 24” optics is developed at IIA with aim to
operate the MASS-DIMM instrument to characterize IAO Hanle site for large optical-NIR telescope
project. MASS-DIMM is an instrument which provides atmospheric seeing and turbulence profile
simultaneously. Since, the MASS-DIMM device require a very sturdy telescope to work in windy
condition, we have designed and developed our own Alt-Az mount telescope and is now installed at IAO
Hanle site. A direct drive technology is used for driving the main axes, which provides high stiffness and
fast dynamic response. Two identical ETEL make high torque motors (model #TML0O210-070-3TBS) are
directly attached to the altitude and azimuth axes of the telescope and driven by a digital servo drives
from Kollmorgen, (model #572462) . High resolution Renishaw optical encoder is used for position
feedback to operate the axis in a closed loop. The top layer of the hardware is a Parker multi axis
controller (PAC320) compatible with PLC programming language (IEC-61131-3) . A telescope control
software (TCS) working in the Linux platform is developed in C++/QT. The controller communicates with
Drives and 10 cards through EtherCAT protocol and with the TCS through OPC-UA server-client
architecture over Ethernet. The optics is off-the-shelf 16” RC F/8 from TPO, which uses CFRP trusses and
hence subjected to minimum wind induced disturbances. Initial sky testing carried out at IAO indicates
that indeed telescope meets requirement of very high pointing and tracking performances. Whereas, the
wind rejection related studies which is another key requirement of the telescope, yet to be carried out.
In this presentation we provide a detailed description of the telescope design, development, software as
well as preliminary performances test results.
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Instrumentation and Techniques

Development of an Automated DIMM Seeing Monitor

After the availability of the clear sky, seeing is the most important parameter to characterize any
new astronomical sites. There are different ways to measure atmospheric seeing, however, the
Differential Image Motion Monitor (DIMM) is considered one of the best devices to explore the
integrated effect of the turbulent atmosphere. Considering the need to identify a few good
candidate sites for the National Large Optical Telescope (NLOT) project as well as to support
other groups working to set up smaller observatories in different parts of the country, we decided
to develop an automated DIMM system. The overall development is aimed to achieve a portable
seeing monitor which can be efficiently and reliably used in remote places to conduct DIMM
observation without any human intervention. In this pilot project, we have used 12 inch Meade
telescope, 52fps Lucid Vision CMOS camera, a custom-made wedge prism, and a DIMM mask.
The entire development is modular in architecture and with very little effort, one can use any
smaller telescope and an imaging camera. The automated DIMM software running in a dedicated
embedded computer handles the selection of suitable bright stars, pointing and guide of the
telescope, grabbing images at a fast rate as well as computing seeing values. In most cases Meade
or Celestron telescopes are used to build a DIMM system, however, these telescopes have got
poor pointing accuracy and hence are found to be trouble for auto-pointing. To overcome this
problem we have built a telescope pointing assistance that uses a low-cost camera and an
inexpensive doublet lens. We intend to make our DIMM code open-sourced
(https://github.com/tsewangstanzin/AutomatedDIMM) so that anyone interested in making
DIMM can get benefited. We present the overall details as well as seeing measurements carried
out over a few nights at IAO Hanle.

ASI2023 383 Vaibhav Dixit Poster
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Development of PRL Adaptive Optics (AO) Test Bench

Adaptive Optics (AO) test-bench is a laboratory experimental setup, which has been designed
and is being tested to evaluate the performance of various elements and sub-systems involved
in an AO instrument under laboratory-controlled conditions. The test-bench set up has been
designed and the hardware component requirements have been chosen to match the turbulence
conditions for the PRL 2.5m telescope at Mt. Abu. The test-bench consists of an indigenously
developed hot air-based Optical Turbulence Generator (OTG), which mimics optical turbulence
properties of Earth's atmosphere. OTG is currently being characterized for various AO
experiments under a variety of simulated atmospheric conditions, such as various temperature
gradients, varying wind speeds, etc. The OTG parameters can be controlled through a Raspberry
Pi based controller. The OTG is designed to provide a D/r0 ratio in the range of around 20 to 25.
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Other AO subsystems like wavefront sensor, deformable mirror, tip-tilt mirror, closed loop
control system etc. have been integrated in the test-bench and the entire system is being tested
for a variety of input conditions. Based on our learnings from the test-bench, a preliminary optical
design of an actual AO assisted NIR camera for the 2.5m telescope has been prepared.

ASI2023 568 Yash Bhusare Poster
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Improving wide burst sensitivity of chime

The Canadian Hydrogen Intensity Mapping Experiment Fast Radio Burst project (CHIME/FRB)
searches a large instantaneous swath of the sky for radio transients. The detection pipeline for
CHIME/FRB can introduce selection biases in the observed population of events. A software
injection system has been set up to measure this bias by injecting a sample of simulated FRBs
into the pipeline. In this project, we added and tested features to the existing CHIME/FRB
injection pipeline that allow it to inject FRBs at a much higher rate. The current search pipeline
was found to be less sensitive to wide and highly scattered bursts. These biases may come from
the pulsar sample used for training the radio frequency interference (RFl) classification algorithm.
We attempted to re-train the RFI classification algorithm for detecting wide and highly scattered
bursts. We will show preliminary results of retraining the RFI classifier and the use of injections
for training data analysis pipelines.
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ASI2023 370 Anirban Chowdhary Poster

General Relativity and Cosmology

Halo Occupation Distribution: Redshift Evolution and Effect of Feedback

Quasar clustering has proven to be a useful tool to study structure formation in the high redshift
Universe. It provides us information about the co-evolution of quasars with their host dark
matter halos. The Halo Occupation Distribution (HOD) has been used as a powerful tool in
interpreting quasar clustering and the quasar-halo connection. While extracting host halo
distributions of quasar and AGN from clustering studies, the HOD is assumed to be weakly
dependent on redshift. Without any theoretical study of redshift evolution of the HOD, this
assumption poses a challenge for studies with quasar clustering and studies of stacked signals
from quasars. We have used cosmological hydrodynamical simulations (Massive Black Il and
SIMBA) to investigate the redshift evolution of the quasar HOD. Our studies show that with only
radiative mode of feedback, given the current state of observations, there is no noticeable
evolution of the HOD with redshift. However, we note that with jet and X-ray modes of feedback
there is a noticeable difference in the HOD of luminosity selected quasars as in comparison with
mass selected quasars.

ASI2023 733 Arpan Krishna Mitra Poster

General Relativity and Cosmology

Wormhole in Analogue Spacetime of Accreting Fluid

For general relativistic black hole accretion in the Kerr metric, linear perturbation of the axially symmetric
matter flow leads to the emergence of black hole like acoustic spacetime. For different parameters
characterizing the flow, the characteristic of the phase portrait of flow can be constructed. For such flow,
the fluid equations may be perturbed and the corresponding emergent spacetime can be obtained such
that the propagation of first order perturbation in these space times can be analyzed in a way similar to
the propagation of light as analyzed in a spacetime using causal structure. We present the Penrose Carter
formalism to analyze the emergent metric and the aforementioned propagation. Certain special flows
with parameters at the boundary of the parameter space are also studied in this context. Analogue
spacetime corresponding to accretion flow with shock is shown to be endowed with one white hole like
sonic horizon flanked by two black hole like acoustic horizons. The problem of separation of two regions
in the Penrose Carter diagram of this flow, and thus the inconclusive presence of white hole is solved by
considering the extremely thin but finite width of shock. The shock is established to be the acoustic white
hole. The resemblance of such a special kind of space-time with a wormhole is established.
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ASI2023_715 Debanjan Guha Roy Poster

General Relativity and Cosmology

Quasinormal mode oscillations of a neutron star

Quasinormal mode oscillations of a neutron star decay by emission of gravitational waves. These
gravitational waves carry imprints of physical phenomena occurring inside the star, which is
otherwise inaccessible from outside. We solve the perturbation equations describing the fluid
oscillations derived from the linearised Einstein equations. We can assume spacetime oscillations
happening outside to represent outgoing gravitational waves only. The fluid oscillations in the
interior and the spacetime oscillations outside the star with a given polytropic equation of state
define the complete eigenvalue problem. Solving the equations with appropriate boundary
conditions, we find the quasinormal mode frequency of various modes.

ASI12023_487 DIVESH JAIN Poster

General Relativity and Cosmology

Uncovering patchy reionization bias on the detection of primordial gravitational wave signal

The large-scale B-mode polarization of CMB serves the upcoming CMB experiments a unique
observational window for detecting the primordial Gravitational Waves(GW). This detection is
tied to constraining the tensor-to-scalar ratio, r, which determines the amplitude of the GW
signal. The weak nature of the GW signal necessitates accurate modelling of foregrounds. Besides
lensing contribution, the B-mode signal arising from the ‘patchy' ionization fields during
reionization era is a primary contributor to these foregrounds. With the upcoming CMB
experiments, it becomes crucial to understand, how being negligent of this "patchy' reionization
contribution biases our inference of r. Models neglecting this contribution overestimate the
actual value of r, leading to a bias. We present the quantification of this bias through Bayesian
inference of r for a physically motivated model of reionization based on an explicitly photon-
conserving scheme SCRIPT (Semi-numerical Code for Relonization with PhoTon-conservation).
SCRIPT leads to large-scale numerical convergence of electron fluctuation power spectra,
allowing efficient simulation of B-modes from the reionization era. We find that a de-lensed B
mode observation from observatories, like CMBS4, CMB-Bharat, and PICO, will suffer a bias of
order of 1-sigma if we fail to correct for the reionization foregrounds. Any further increase in
reionization contribution in the B-mode power will worsen our ability to establish the nature of
the measured signal. Inferring from the results we make the case as to when and why it becomes
important to account for the physics of reionization era if we wish to further our understanding
of the primordial GW.
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General Relativity and Cosmology

Geodesics in Quevedo Type Il Geometry of 4D Asymptotically AdS Black Holes

Thermodynamic geodesics of 4D asymptotically anti-de Sitter black holes in the context of
Quevedo type Il geothermodynamic (GTD) metric is studied. We construct Quevedo type Il metric
for four different black holes: 4D KN-AdS, K-AdS, RN-AdS, and Dyonic AdS black holes in various
ensembles. For K-AdS and RN-AdS black holes we work in canonical as well as grand canonical
ensembles. For KN-AdS and Dyonic AdS black holes, in addition to these two ensembles we also
consider a mixed canonical ensemble. For each case, the corresponding geodesic equations
numerically solved and we analyze their behavior near the spinodal curves. These spinodal curves
which separate the positive specific heat region from the negative specific heat region can be
treated as the boundary between two black hole phases in the thermodynamic parameter space.
We find that, in all the cases under consideration, geodesics are confined to a single phase and
exhibit either turning behavior or incompleteness near the spinodal curve. Our results indicate a
universality in the behavior of Quevedo type Il geodesics for KN-AdS, K-AdS, RN-AdS, and Dyonic
AdS black holes in different ensembles.

ASI2023 348 Kaushik Paul Poster
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2PN spin effects in spherical harmonic modes of the gravitational waveform from eccentric
compact binary mergers

Since the detection of the first gravitational wave event (GW150914), the ground-based network
of LIGO-Virgo detectors detected nearly 90 compact binary coalescences (CBCs). A coalescing
compact binary can have different phases of evolution that can be suitably divided into three
distinct phases: early and late inspiral, merger, and ringdown. While post-Newtonian (PN) theory
accurately describes the low-frequency, perturbative early inspiral part, the high-frequency, non-
perturbative late-inspiral, and merger-ringdown part is described by Numerical relativity.
Different extrinsic and intrinsic parameters, such as eccentricity and spins of binary constituents,
potentially modify the gravitational waveform and may lead to significant biases in the analysis
of the observed GW data if ignored. Although numerous works have focused on the effect of
spins and eccentricity in gravitational waveforms separately within the PN formalism; however,
a combined treatment, including spins and eccentricity, is largely absent. In this talk, we present
and discuss the computation of all the spin effects, i.e., linear-in-spin (spin-orbit) and quadratic-
in-spin (spin-spin), in the spherical harmonic modes of the gravitational waveform valid for
general orbits within the PN framework. Also, we extend these general orbit results and
specialize to the case of elliptical orbit using generalized quasi-Keplerian representation for the
conserved dynamics of the spinning compact binaries in elliptical orbits.
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Phase of gravitational wave from intermediate mass ratio inspirals of compact binary black hole
systems.

While the ground-based detectors are particularly sensitive to the detection of comparable
(stellar) mass binary black holes, the third-generation (3G) ground-based and space-based
detectors, like LISA and DECIGO, will also be sensitive to very unequal mass binaries such as
intermediate-mass ratio inspirals (IMRIs) and extreme mass ratio inspirals (EMRIs). The detection
of gravitational waves from such unequal mass binaries (IMRIs/EMRIs) will allow us to map
gravity in a strong field regime but their gravitational waveforms are not well understood. The
post-Newtonian theory can be used to model any mass ratio inspirals but break down in the
strong field regime, whereas, the black hole perturbation (BHP) theory can be used in strong field
regimes but are only valid for extreme mass ratio inspirals. We compute the phase of such
unequal mass binary systems (particularly IMRIs) by combining the inputs from the post-
Newtonian (PN) and black hole perturbation (BHP) theory. The phase computed is 5PN (12PN)
accurate in eccentric (circular) terms.

ASI12023_184 Margarita Safonova Poster

General Relativity and Cosmology

Potential gravitational lensing on a cosmic string candidate: observations and modelling

Cosmic strings (CS) are one-dimensional extended objects predicted by modern cosmology,
which, however, have not yet been detected with a high degree of confidence. The presence of
cosmic strings changes the global geometry of the Universe and could serve as a unique proof of
higher-dimensional theories. Two main methods of observational search for CS are: CMB
anisotropy induced by a fast-moving cosmic string, and gravitational lensing (GL) which arises
when a CS is located between the observer and the background object(s). Unlike conventional
GL, the resulting images are undistorted, but may have sharp edges of isophotes depending on
the distance between the string and the source. In addition, conventional gravitational lenses
tend to produce an odd number of images, while CS forms only two. We discuss here the results
obtained from observations of a galaxy pair SDSSJ110429 — the brightest in the statistically
significant chain of possible GL images situated along the expected location of the CSc-1 — the
CMB CS candidate. We have obtained images and high-quality spectra of each component of a
pair. We have found the significant correlation between the spectra of the two components,
indicating the possible GL nature of the pair. The results of the simulations have shown that the
observed angle between the components of the pair can be explained if the string is strongly
inclined to the line of sight. The possible identity of the spectra of components of this source,
together with the previously obtained indications for the presence of CS in this field, may serve
as an unambiguous proof of the detection of CS.
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ASI2023_653 Pratik Thakur Poster

General Relativity and Cosmology

Quasi-normal Oscillation Modes in Context of Hot Dense Matter

Many aspects of dense nuclear matter can be known from the compact objects such as neutron
stars (NSs). Gravitational waves (GWs) detected from binary compact star merger events
(GW170817, GW190425) and subsequent estimations of tidal deformability play a key role in
constraining the behaviour of dense matter at high density regimes. Massive compact star
candidates, with mass ~ 2M(Q set strict bounds on the dense matter equation of state. The
possibility of heavier strange and non-strange baryons inclusion constrain the theoretical models
of nuclear matter comportment at large density regimes. The quasi normal oscillation modes
detectable by future GW detectors emitted from the astrophysical events such as core-collapse
supernovae, binary NS merger remnant can play another important role in ascertaining the
properties of dense matter. In this work, we investigate the inferences of the finite temperature
scenarios as mentioned above on oscillation modes. We consider the phenomenological DD2
coupling model to describe the dense nuclear matter and its extension to exotic degrees of
freedom within the Cowling approximation to get a first-hand qualitative knowledge. It is found
that the pressure modes are much more sensitive in the thermal picture, as compared to the
zero temperature scenario. We also compare the results derived from the I'-law with the realistic
finite temperature equation of states.

ASI2023_197 SAMIT KUMAR PAL Poster
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The Effect of Earth’s lonosphere on Epoch Reionization Observations with the radio
interferometer

Observation of the redshifted 21 cm signal from Cosmic Dawn and Epoch of Reionization is a
promising probe for the early Universe. These observations are made challenging due to the
presence of bright foregrounds, radio frequency interference, Earth’s ionosphere, and
instrumental systematics. To understand the effect of each of these corruption terms, it is
necessary to set up an end-to-end pipeline to deal with synthetic radio observation. We have
done the same and studied the effects of antenna-based gain errors and position errors in our
previous publications. Here, we use simulations to comprehend and quantify the effect of Earth’s
ionosphere on radio interferometric observations at these low frequencies with the help of SKA1-
Low. We study the ionospheric effect on the foreground removal and redshifted 21 cm signal
extraction. Here, we present the initial results from simulations involving a static ionospheric
model for the entire observing time.
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ASI2023 247 Saswata Dasgupta Poster

General Relativity and Cosmology

Analysing HI 21-cm maps from the EoR via future SKA1-Low observations using the largest
cluster statistics

We attempt to determine the nature of the ionizing sources and the astrophysical processes
going on in the Intergalactic Medium (IGM) during the Epoch of Reionization (EoR). We analyse
the evolution of the largest ionized region using the topological and morphological evolution of
neutral hydrogen distribution during the different stages of EoR. For this analysis we use the
Largest Cluster Statistics - LCS. The simulated HI 21cm maps from EoR are first scaled down to a
lower resolution, after which they are contaminated with simulated Gaussian noise with varying
RMS values from ~ 3.10?? to ~ 9.30?? in accordance with the upcoming Square Kilometer Array
in its low frequency regime observations, namely the SKA1-low. After that, the beam’s impact
was simulated using a 3D Gaussian kernel of varying length scales, merged into the maps, and
the images were then examined using LCS. Finally, to test the robustness further, the maps were
run through an OSKAR pipeline that mimics the behaviour of SKA1-low and then cleaned using
an advanced CLEAN algorithm using CASA. We see that although the features of the maps can be
recovered using advanced cleaning algorithms but the percolation transition point gets heavily
shifted due to the effect of resolution and the effect of the beam which may lead to an incorrect
interpretation of the reionization history. This leads to the inference that it would require denser
? - ? coverage at higher baseline distances for SKA1-Low to be able to do image analyses like LCS.

ASI2023_620 SAYANTAN GHOSH Poster
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Characterisation of Tomte Glitches in the Bayesian Framework

Glitches are non-Gaussian, non-astrophysical transients in the strain data of ground-based
gravitational wave observatories like Advanced LIGO and Advanced Virgo. With morphologies
similar to intermediate-mass black hole binaries, these glitches reduce the gravitational-wave
search sensitivity to intermediate-mass black hole (IMBH) binary signals and affect their
characterisation. Among them, the “Tomte” glitches are particularly problematic, frequently
occurring in the detector data and hence if they are coincident between the detectors, they can
be confused with IMBH signals. Such an example was 200114 _020818. In this poster, | will
present Bayesian parameter estimation results of a few Tomte glitches. Our analysis is an
important step towards distinguishing intermediate-mass binary black hole signals from Tomte
glitches in the upcoming observational runs of the International Gravitational Wave Network.
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ASI2023_215 SHAMIM HAQUE Poster

General Relativity and Cosmology

Effects of Phase Transition in Gravitational Wave signals from Binary Neutron Star Mergers

Quantum chromodynamics predicts that at high enough temperature/density, hadronic matter
(HM) deconfines to quark-gluon matter. it is conjectured that the deconfinement transition from
HM to quark matter (QM) takes place at an intermediate density range (a few times nuclear
matter density). However, there is no ab-initio calculation, nor are there any earth-based
experiments. The only naturally present laboratories to probe matter at such densities are the
neutron stars (NSs). We performed the full-3D GRMHD simulations of binary NS merger systems
and studied the effects of the onset of phase transition (PT) by probing the stellar properties and
gravitational wave spectra. We used the hybrid equation of state (EoS), which has the hadronic
degrees of freedom at low density, the mixed-phase region at intermediate density, and pure
QM at very high density. We constructed different hybrid EoSs by varying the onset point where
quark matter first appears and performed various BNSMs (equal and unequal mass binaries). A
significant difference is observed in the post-merger properties if QM appears at low densities.
If the matter properties with hadronic and quark degrees differ significantly, it is reflected in the
stability of the final merger product. Hadronic EoS can give a stable post-merger remnant,
whereas in hybrid EoS cases, the possibility of a core-collapse scenario increases. However, when
unequal mass binaries (the mass difference is significant) merge, the difference in the
observational signals depending on the EoS is evident from the point of first contact between the
stars. Reference: S. Haque, R. Mallick, S. K. Thakur, arXiv:2207.14485 (2022)

ASI2023 183 Suprovo Ghosh Poster

General Relativity and Cosmology

Parameter space for Continuous gravitational wave searches from r-modes in light of multi-
messenger constraints

R-mode oscillations of rotating neutron stars are promising candidates for continuous
gravitational wave (GW) observations. The r-mode frequencies for rotating Newtonian stars are
well-known and independent of the equation of state (EOS) but for neutron stars, several
mechanisms can alter the r-mode frequency of which the relativistic correction which depends
on the EOS is dominant and relevant for most of the neutron stars. The most sensitive searches
for continuous GWs are those for known pulsars for which GW frequencies are in targeted
narrow frequency bands of few Hz. Recently, the binary neutron star merger GW170817 and its
electromagnetic counterpart, NICER observations have been extensively used to constrain the
EOS. In this study, we investigate the effect of these state-of-the-art multi-messenger constraints
on the r-mode frequency for relativistic, slowly rotating, barotropic stars. We find that the
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parameter space for r-mode frequency is higher than the range currently used in continuous
wave searches and it can increase up to 8-25% for the most promising candidate PSR J0537-6910
depending on the range of compactness. We also derive universal relations between r-mode
frequency and dimensionless tidal deformability which can be used to estimate the dynamical
tide effect of the r-mode resonant excitation during the inspiral . These results can be used to
construct the parameter space for r-mode searches in gravitational wave data and also constrain
the nuclear equation of state following a successful r-mode detection.
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Improving the semi-numerical simulations for cosmic dawn 21-cm signal

Cosmic Dawn (CD) and Epoch of Reionization (EoR) have eluded the observations so far, but with
the future Square Kilometer Array (SKA) this will no longer be the case. The 21-cm line, with low
excitation energy and low optical depth, is the best candidate to probe this era. There are lots of
astrophysical processes taking place in the IGM during this period which will be imprinted on the
fluctuations of 21cm brightness temperature. To interpret these fluctuations, one needs an
accurate model of the 21cm signal that can be used to constrain the CD-EoR parameters. The
publicly available semi-numerical simulations lack the accuracy that will be needed for the
interpretation of the upcoming high-resolution observations with the SKA. The objective of this
project is to improve these simulations by understanding the approximations undertaken by
them and then finding an efficient algorithm to incorporate all of the astrophysical processes
without making the simulation computationally heavy. We have incorporated X-ray heating on
top of the existing ReionYuga simulation framework and initial results show a computationally
efficient way to model this process. We further conduct a statistical comparison of our approach
with the other publicly available simulations. The end goal is to build a semi-numeric simulation
that can be used to constrain the CD-EoR parameters by performing fourier domain (power
spectrum, bispectrum) and real space (Largest cluster statistics, Minkowski functions) statistical
analysis.
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