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Cosmology and Structure Formation

Curing inflationary degeneracies using reheating predictions and relic
gravitational waves

There has been a remarkable progress in our understanding of the early universe
over the past three decades, fostered by new theoretical insights and reinforced by
a plethora of precision cosmological missions, ranging from Cosmic Microwave Back-
ground (CMB) to large scale structure (LSS) observations. As a result, the inflation-
ary paradigm has emerged as a key scenario for describing the early universe and
for setting initial conditions for the hot big bang phase of expansion. One of the
key predictions of the inflationary scenario is the quantum-mechanical production
of primordial tensor fluctuations which give rise to a stochastic background of relic
gravitational waves. The reason for this lies in the fact that unlike other massless
fields, such as photons and massless neutrinos which couple conformally to gravity
and whose production is, therefore, suppressed in the conformally flat Friedmann-
Lemaitre-Robertson-Walker (FLRW) universe, gravitational waves couple minimally
to gravity, which results in their non-adiabatic production in an expanding universe.
While several distinct predictions of the single field slow-roll scenario of inflation have
received spectacular observational confirmation, both from CMB as well as LSS ob-
servations, the detection of primordial tensor fluctuations, both in the form of CMB
B-mode polarization on large angular scales as well as a spectrum of relic gravita-
tional waves (GWs), remains one of the major challenges confronting observational
cosmology in the coming decade.

It is well known that GWs provide us with important information about the na-
ture of the inflaton field and its potential. Of equal importance is the fact that
their spectrum, Q,, (k), and spectral index n,, = d;‘ffg%g, can serve as a key probe
to physical processes occurring after inflation. The spectrum of relic gravitational
radiation is exceedingly sensitive to the post-inflationary equation of state (EoS), w.
In fact the GW spectrum has distinctly different properties for stiff/soft EoS. For a
stiff EoS, w > 1/3, the GW spectrum shows a blue tilt: n, > 0, which increases the
GW amplitude on small scales. Softer EoS, w < 1/3, on the other hand, lead to a
red tilt, whereas the radiative EoS, w = 1/3, results in a flat spectrum with n, ~ 0.

Another key aspect of inflationary cosmology, namely the epoch of ‘reheating’, also
remains observationally inaccessible at present, despite a profusion of theoretical
progress in this direction. It is well known that the post-inflationary universe passed
through a series of physical epochs, each of which can be characterized by an EoS,
w;. Of these, the most recent ones are: the radiative stage with w, ~ 1/3, the matter
dominated stage with w,, ~ 0, and the present stage of accelerated expansion with
wge < —1/3. However, after the end of inflation and before the commencement of
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Figure 1: The spectrum of relic gravitational waves is shown for the T-model a-attractor
potential V(¢) = V;tanh? (Ap/mp); p = 1,2,3..., for A = 0.4. The dotted black curve
corresponds to p = 2 for which the post-inflationary EoS is radiation-like, with w,_ =
(w,) = 1/3, where (wg) = %’ and the GW spectrum is flat. The solid and dashed
green curves correspond to p = 3 and reheating temperatures 7, = 1 MeV and 100 GeV
respectively, for which the post-inflationary EoS is w,, = <w ¢> = 1/2 and the resulting GW
spectrum has a blue tilt. One finds that in this case relic gravity waves can be detected by
future GW observatories such as BBO, for a range of reheating temperature 7., < 10° GeV.
The solid and dashed purple curves correspond to reheating temperatures 7., = 1 MeV
and 100 GeV respectively, and to a matter-like post inflationary EoS w,, = <w ¢> =0,
which arises for p = 1. Note that in this case, GWs have a red tilt and their amplitude is
suppressed relative to p = 2, 3.

the radiative stage, the universe went through a pre-radiative epoch of reheating,
during which the energy contained in the inflaton field was transferred to the other
matter/radiative degrees of freedom present in the universe. The nature of the pre-
radiative epoch, including its duration, N, and EoS, w, depends crucially upon how
the inflaton couples with (and hence, releases its energy into) the other matter fields
in the universe. If this process is slow then reheating takes place perturbatively and
the scalar field oscillates for a very long time, gradually releasing its energy into
matter /radiation. In this case, the EoS during the oscillatory regime is determined
primarily by the shape of the inflaton potential near its minimum value, about which
the inflaton oscillates. Perturbative reheating is expected to occur if the inflaton
decays primarily into Fermions (which soon decay into the standard model fields),
its decay into Bosons being strongly suppressed.

On the other hand, if the inflaton decays into Bosons, y, through a coupling
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g*¢*x? with g > 1073, then oscillations of ¢ can lead to a parametric resonance,
during which quanta of the field y are produced in copious amounts. This stage is
usually referred to as pre-heating. The backreaction of y on ¢ ends the resonance and
the subsequent decay of excitations of the ¢ and x fields into standard model (SM)
fields gives rise to reheating and the subsequent thermalization of the universe at a
temperature 7). The duration of the pre-radiative epoch, which includes the end of
inflation, the parametric resonance, the decay of the inflaton into Bosons (¢ — x x)
and Fermions (¢ — ¥ ) and thermalization can be quite long, and it is convenient
to encode its physics by means of an effective EoS parameter w__. Since w,_ influences
the spectrum of relic gravitational waves, observations of the GW spectrum can shed
light on the complex, non-linear and out of equilibrium physics which operates during
the reheating epoch.

In addition to primordial tensor fluctuations which result in the GW background,
a key prediction of inflationary cosmology is the generation of primordial scalar
fluctuations which later grow to form the LSS of the universe. Scalar and tensor
perturbations generated during inflation create an imprint in the CMB, which can
be used to deduce the scalar spectral index ng, and the tensor to scalar ratio r — two
important observables which can be used to rule out competing inflationary models.
However, it is well known that inflationary models often display degeneracies, with

two (or more) models predicting essentially the same values of {ng,r}. This leads to
so called ‘cosmological attractors’ or ‘universality classes’ of the inflationary scenario.
This degeneracy makes it difficult for CMB observations alone to constitute a unique
probe of inflationary cosmology.

Swagat Mishra, Varun Sahni, and Russian physicist Alexei Starobinsky have
shown that reheating predictions including the reheating duration N, temperature

T . and particularly the EoS w__, can help break degeneracies in inflationary scenar-
ios, in which identical values of {ng,r} can correspond to different w, . Since the
gravitational wave spectrum €, (k) is sensitive to the value of w,, observations
of Q. (k) by space-based GW observatories can shed valuable light both on the
dynamics of reheating as well as on the parameters of the inflationary potential as

shown in Figure 1.

Multi-wavelength mock galaxy catalogues of the low-redshift universe

Aseem Paranjape, Tirthankar R. Choudhury, and Ravi K. Sheth have presented
an updated empirical algorithm for generating mock galaxy catalogues using z = 0
outputs of gravity-only N-body simulations, painting in galaxies whose properties
match observed abundances and clustering at z < 0.1 of optically selected SDSS and
HlI-selected ALFALFA galaxies. The mock central and satellite galaxies are assigned
realistic values of r-band luminosities, optical colours, stellar mass, and for a fraction
of galaxies, neutral hydrogen (HI) mass. Additionally, the host halos of central
galaxies are baryonified with realistic spatial distributions of stars, cold gas, hot
ionised gas, and gas affected by feedback, with a dark matter profile that responds
to the presence of these baryons according to a quasi-adiabatic relaxation process
fit to hydrodynamical simulations. This novel combination of modelling ingredients
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allows each mock central to be assigned a realistic rotation curve. These mocks
facilitate novel tests of the galaxy-dark matter connection in the ACDM framework,
which they have explored in other work.

The radial acceleration relation in a ACDM universe

The mock catalogues described above allow to study the ACDM prediction for the
radial acceleration relation (RAR) between the total and baryonic centripetal accel-
erations of rotationally supported galaxies, which has been performed by Aseem
Paranjape, and Ravi K. Sheth. The baryonification scheme further leads to an-
alytical insights, which clarify many observed trends in the shape and scatter of
the RAR, along with their dependence on galaxy properties. A particularly strik-
ing result, which has been overlooked in the literature so far, is that the RAR is
closely linked to the physics of quasi-adiabatic relaxation mentioned above. In par-
ticular, the shape and scatter of the RAR at baryonic accelerations > 10719 ms=2
is a strong function of the amount of angular momentum loss during the formation
of the galactic disk. This motivates a deeper study of this relaxation mechanism in
hydrodynamical simulations and its relation to galaxy and halo properties.

Distribution of HI velocity profiles in a ACDM universe

The HI-bearing central galaxies in the mock catalogues described above can be ob-
served in the simulation by modelling the Doppler-shifted 21 c¢m line emission of HI
of their differentially rotating disks. The resulting distribution of velocity profiles
constitutes a prediction of ACDM and is potentially a novel probe of the baryon-dark
matter connection. Aseem Paranjape, Raghunathan Srianand, Tirthankar R.
Choudhury, and Ravi K. Sheth have explored this distribution as it would be inferred
from surveys such as ALFALFA. The resulting comparison with the observed AL-
FALFA velocity width function shows good agreement for the sample produced using
a minimal, default set of assumptions about the baryon-dark matter connection, and
the mock catalogues allow an exploration of the sensitivity of the width function
to changing these assumptions. The authors also propose the excess kurtosis of the
velocity profiles, and its relation with the velocity width, as a novel probe of the
physics of the turbulent HI disk.

Halo assembly bias: Calibrations and mocks

Halo assembly bias is a potential source of systematic uncertainty for cosmological
inference from upcoming large-volume galaxy surveys, as well as being a possible
channel for enhancing understanding of galaxy formation and evolution. The aim
has been to develop accurate calibrations of the dependence of halo bias on one of
the primary beyond halo mass variables responsible for assembly bias, namely, the
tidal anisotropy of the local cosmic web environment of haloes. Here,Sujatha Ra-
makrishnan, and Aseem Paranjape used the Separate Universe (SU) technique
to calibrate the dependence of linear and quadratic bias b; and by, respectively, on

37




337
T ufdes

2020-21

Figure 2: Halo assembly bias with respect to halo shape and concentration. The solid lines
show the Separate Universe calibrations corresponding to four quartiles of a halo property.
The data markers in the left panel show comparison with the simulation, while the right
panel shows comparison with mocks. Low-mass haloes resolved with < 300 particles (halo
masses 4.6 x 10'2h~1 M) in the simulation (left hand panels) fail to reproduce the full
strength of assembly bias, while corresponding haloes in the mock catalogues (right hand
panels) perform much better down to a 30 particle threshold.
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halo mass, redshift and tidal anisotropy. An example use of this calibration to fur-
ther calibrate the dependence of bias on other secondary properties is shown by solid
lines in Figure 2.

In another work, Sujatha Ramakrishnan, Aseem Paranjape, and Ravi K.
Sheth demonstrated that the large and small-scale halo clustering in a halo sub-
population (selected by a particular halo property) remains invariant under a ran-
dom shuffling operation of halos within bins of mass and halo environment. Fitting
functions are provided for five halo properties as a function of halo mass and halo en-
vironment. These will be useful for large-volume/approximate method simulations,
since most of them to accurately reproduce the mass function and cosmic web struc-
ture, but not the internal properties of the halo. They demonstrate that this is
indeed the case for large-volume and low resolution N-body simulations and apply
the fitting functions to increase the accessible dynamic range (see data markers in
Figure 2).

Astrobiology

The astrobiology experiment by Jayant V. Narlikar, and collaborators is making
progress on the front of instrumentation. The progress is slow because of problems
with COVID-19. At present checks are being made under the auspices of Physical Re-
search Laboratory, Ahmedabad on the instrument for measuring the Carbon isotope
ratios at the microbial level.

Observational Cosmology and Extragalactic As-

tronomy

Inference of H, from binary black hole-galaxy cross-correlations

The discovery of gravitational waves (GW) has opened up a new window to probe the
universe, and provides a direct measurement of the luminosity distance to the source.
If the redshift of the source can be determined either through direct electromagnetic
observations of the source or its host galaxy, then these observations can be used
to constrain the Hubble constant. Although, there are many GW events observed
so far, an electromagnetic counterpart has been observed, thus far only for a single
merger event of binary neutron stars. A substantial number of events are a result of
the merger of binary black holes which are not expected to emit any electromagnetic
radiation.

Surhud More, and collaborators have shown how the angular clustering between
GW standard sirens and galaxies with known redshifts allow an inference of the
Hubble constant regardless of whether the host galaxies of any of these sirens are
present in the galaxy catalogue. Such possible inference has been demonstrated
for the first time with realistic simulations of GW signals from binary black holes
in a three-detector network with Advanced LIGO and Advanced Virgo sensitivities.
With such a network, the cross-correlation technique can be used to infer the Hubble
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parameter with a precision of less than 10% (2%) at 90% confidence with 50 (500)
sources, even with a 100% incomplete catalogue, which does not contain the hosts
of any of the GW events. The method has been also compared with the current
state-of-the-art techniques used for the inference of the Hubble parameter from real
data and it has been argued that, if the clustering information is not used explicitly,
the inference of Hy from real data is expected to be dominated by implicit priors.

Observing correlations between dark matter accretion and galaxy growth

The correlation between fresh gas accretion on to halos and galaxy star formation
is critical to understand galaxy formation. Different theoretical models have pre-
dicted different correlation strengths between halo accretion rates and galaxy star
formation rates, ranging from strong positive correlations to little or no correlation.
Surhud More, and collaborators have presented a technique to observationally mea-
sure this correlation strength for isolated Milky Way-mass galaxies with z < 0.123.
This technique is based on correlations between dark matter accretion rates and the
projected density profile of neighbouring galaxies; and these correlations also under-
lie past work with splashback radii. This new technique has been applied to both
observed galaxies in the Sloan Digital Sky Survey as well as simulated galaxies in the
UNIVERSEMACHINE, a simulated universe, where tests of any desired correlation
strength could be carried out. The results showed that positive correlations between
dark matter accretion and recent star formation activity have been ruled out with
greater than 85 per cent confidence. These results suggest that star formation activ-
ity may not be correlated with fresh accretion for isolated Milky Way-mass galaxies
at z = 0, and that other processes, such as gas recycling, dominate further galaxy
growth.

Survey of gravitationally lensed objects in HSC imaging

Anton T. Jaelani, Cristian E. Rusu, Issha Kayo, Anupreeta More, Alassandro
Sonnenfeld, et al. present spectroscopic confirmation of three new two-image grav-
itationally lensed quasars, compiled from existing strong lens and X-ray catalogues.
Images of HSC~J091843.27-022007.5 show a red galaxy with two blue point sources
at either side, separated by 2.26 arcsec. This system has a source and a lens redshifts
zs = 0.804 and z; = 0.459, respectively, as obtained by our follow-up spectroscopic
data. CXCO J100201.504+020330.0 shows two point sources separated by 0.85 arc-
sec on either side of an early-type galaxy. The follow-up spectroscopic data confirm
the fainter quasar which has the same redshift with the brighter quasar from the
SDSS fibre spectrum at z; = 2.016. The deflecting foreground galaxy is a typical
early-type galaxy at a redshift of z; = 0.439. SDSS J135944.214+012809.8 has two
point sources with quasar spectra at the same redshift z;, = 1.096, separated by
1.05 arcsec, and fits to the HSC images confirm the presence of a galaxy between
these. These discoveries demonstrate the power of the Hyper Suprime-Cam Subaru
Strategic Program (HSC-SSP)’s deep imaging and wide sky coverage. Combined
with existing X-ray source catalogues and follow-up spectroscopy, the HSC-SSP pro-
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vides us unique opportunities to find multiple-image quasars lensed by a foreground
galaxy.

Extragalactic Astronomy

Three-and two-point spatial correlations of IGM at z ~ 2

Matter distribution in the intergalactic medium (IGM) is well probed by the Ly«
forest absorption seen in the spectra of quasars. Clustering studies of Lya aborption
is an important tool in this regards. In particular, studying the higher order statistics
is very important to probe the non-Gaussianity in the matter distribution (primordial
and those introduced by the non-linear evolution of gravitational clustering) and
to understand the evolution of matter beyond the linear approximation. The first
significant order beyond the two point correlation function (or power spectrum in the
Fourier space) is the three point correlation function (or bi-spectrum in the Fourier
space). It has also been pointed out that one will be able to lift the degeneracy
between different cosmological parameters (like bias and og) by simultaneous usage
of two- and three-point correlation functions. Till date, considerable work has been
done on three-point correlation function of galaxies from large surveys.

Traditionally, the three-point correlation is quantified using the dimension less “Q”
parameter called the “reduced three-point correlation”. The typical Q) value is found
to be ~1.3 with a moderate dependence on the shape of the matter power spectrum
and shape of the triangle (i.e., configuration). The dependence of QQ on the shape
of the triangle is used to quantify the nature of the structure probed at different
scales. While compact spherically symmetric structures (probed by equilateral con-
figurations) dominate at small scales, the filamentary structures dominate at large
scales (probed by linear configurations). It has been found that more luminous and
massive galaxies (having high stellar mass) clustered strongly compared to less lumi-
nous and less massive (having low stellar mass). It has been also found that three
point correlation function exhibits stronger dependence on both galaxy luminosity
and stellar mass than Q. No significant redshift evolution is found for the angular
dependence of QQ at small scales. The redshift evolution noticed for the larger scales
(i.e., > 15 Mpc) are consistent with the expectations of growth structures at low-z.

As far as the higher order correlation studies of IGM is concerned, very little
work has been done with three-point statistics. Most of the earlier studies focus
on obtaining 1D bi-spectrum of Ly« forest considering three points along a single
sightline. This statistics with inherently weak signals due to Lya being in mildly
non-linear regime, will be largely affected by the spectral signal to noise and thermal
broadening effects at small scales. So, working with closely spaced quasar triplets
to probe the transverse clustering will provide us with a better insight into the
non-Gaussianity involved with the matter distribution at such scales. Three-point
correlation (or bi-spectrum) studies of transmitted flux can be extended to even
higher redshifts, where the density fields are more linear and can be helpful in placing
stronger constraints on the nature of the dark matter. It will also be helpful in
studying the effect of fluctuating ionizing field during He 11 reionization.

41




337
T ufdes

2020-21

Lya forest absorption spectra decomposed into multiple Voigt profile components
(clouds) allow us to study clustering of IGM as a function of H 1 column density
(Nm1). Recently, Soumak Maitra, Raghunathan Srianand, Aseem Paranjape,
and collaborators (Prakash Gaikwad, Tirthankar R. Choudhury, et al.) explored the
transverse three-point correlation (¢) of Ly« clouds using mock triplet spectra from
simulations at z ~ 2 on scales of 1-5 h~'cMpc. They find ¢ to depend strongly
on Ny, and scale and weakly on angle of the triplet configuration. They show
that the ”hierarchical ansatz” is applicable for scales > 3h~'cMpc, and obtain a
median reduced three-point correlation (Q) in the range 0.2-0.7. They show that
(¢ is influenced strongly by the thermal and ionization state of the gas. As in the
case of galaxies, the influence of physical parameters on Q is weaker compared to
that on . They also show that difference in ( and @ between different simulations
are minimized if they use appropriate Ny cut-offs corresponding to a given baryon
over-density (A) using the Ny vs A relationship obtained from simulations. They
study the effect of pressure broadening on ( using a model with artificially boosted
heating rates. However, for models with realistic thermal and ionization histories, the
effect of pressure broadening on ( is sub-dominant compared to other local effects.
They find the strong redshift evolution shown by (, mainly originating from the
redshift evolution of thermal and ionization state of the IGM. They also estimated the

observational requirements for the detection of three-point correlation, specifically,
in small intervals of configuration parameters and redshift.

Optically thin C 111 absorbers

Metallicity and physical state can be probed by the ionization modelling of metals
in the IGM. Raghunathan Srianand, and his collaborators (Abhisek Mohapatra,
and Ananta C. Pradhan) have presented a detailed analysis of 99 optically thin
C 111 absorption systems at redshift 0.2 < z < 0.9, associated with neutral hy-
drogen column densities in the range 15 < logN(HI)(cm™2) < 16.2. Using photoion-
ization models constructed using CLOUDY, they infer the number density (ng),
C-abundance ([C/H]), and line-of-sight thickness (L) of these systems in the ranges
—3.4 <logng(cm™3) < —1.6, —1.6 < [C/H] < 0.4, and 1.3 pc < L < 10 kpc, respec-
tively, with most of the systems having sub-kpc scale thickness. They combine the
low-z and previously reported high-z (2.1 <z < 3.3) optically thin C 111 systems to
study the redshift evolution and various correlations between the derived physical
parameters. They find a significant redshift evolution in ny, [C/H], and L, and com-
pare the redshift evolution of metallicity in C 111 systems with those of various types
of absorption systems. The slope of [C/H] versus z for C 111 absorbers is steeper
compared to the redshift evolution of cosmic metallicity of the damped Lya sam-
ple but consistent with that of sub-DLAs. The existence of strong anti-correlation
between L and [C/H] for the combined sample with a significance level of 8.39¢.
They presented the evidence for the occurence of two distinct [C/H| branch C 111
populations (low-[C/H] branch, [C/H]< —1.2, and high-[C/H] branch, [C/H]> —1.2
) in the combined C 111 sample when divided appropriately in the L versus N(C 111)
plane. Further studies of C 111 absorbers in the redshift range 1.0 < z < 2.0 are im-
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portant to map the redshift evolution of these absorbers and gain insights into the
time evolution physical conditions of the circumgalactic medium.

uGMRT search for cold gas at z ~ 1.0 — 1.4 towards red quasars

Raghunathan Srianand, Neeraj Gupta, and collaborators (Rajeshwari Dutta,
and Ravi Joshi) have presented results of their search for H 1 21-cm and OH 18-cm
absorption at z ~1.0 -1.4 towards red quasars showing strong Mg 11 absorption using
upgraded Giant Metrewave Radio Telescope (uGMRT). The quasars J1501+1822
and J1521 + 5508 show multiple strong associated Mg 11 absorption at z ~ 1.1
and signature of reddening in their optical spectra. They reported the detection of
H 1 21-cm absorption towards J1521+5508 at the systemic redshift of the quasar,
with N(H 1) = (1.24+ 0.2) x10%* em™? for spin temperature of 100 K and unit
covering factor. The H 1 21-cm absorption is offset from the blueshifted strong
Mg 11 absorbers by >1500 km s~!. They do not detect H I 21-cm absorption at
the redshift of the associated Mg 11 absorption and at the systemic redshift towards
J15014-1822. They argue that lack of one-to-one correspondence between Mg 11
and H 1 21-cm absorption could be related with clumpiness of the neutral gas and
the radio and optical sightlines probing different volume of the gas. The presence
of strong associated Mg 11 absorption and reddening in the optical spectra of the
quasars lead to an increased detection rate of associated H 1 21-cm absorption at
z > 1. They also report non-detection of intervening OH absorption ([OH]/[H 1]<
(1—4) x 107®) at z = 1.3 towards two red quasars, J0850+5159 and J0852+3435,
which show strong metal and H 1 21-cm absorption and the 2175 Angstrom dust
extinction bump.

Lya emission from a powerful radio galaxy M151304.72-252439.7 at z =
3.132

Traditionally, studies of the CGM and IGM have been carried out using absorption
lines detected against bright background sources, typically bright quasars. The one-
dimensional nature of absorption line studies, however, is not ideal for probing the
spatial distribution of the gas surrounding individual galaxies. Despite several studies
dedicated to understand the complex interactions between gas surrounding the host
galaxies and the galaxies themselves, very little progress has been made to date. In
order to fully characterise the physical and kinematic properties of this gas, it is
important to combine absorption and emission studies. In particular, detection of
extended Lya emission around AGNs allows one to probe environments of the AGNs.

Recently, Gitika Shukla, Raghunathan Srianand, Neeraj Gupta, and collab-
orators (Patrick Petitjean, Andrew J. Baker, et al.) reported the detection of a large
(~ 90 kpc) and luminous Ly« nebula [Liy, = (6.80 & 0.08) x 10* erg s~!] around an
optically faint (r > 23 mag) radio galaxy M1513-2524 at z.,, = 3.132 (see Figure 3).
The double-lobed radio emission has an extent of 184 kpc, but the radio core, i.e.,
emission associated with the AGN itself is barely detected. This object was found
as part of the survey to identify high-z quasars based on Wide-field Infrared Survey
Explorer (WISE) colours. The optical spectrum has revealed Lya, N v, C 1v, and
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Figure 3: 2D spectra of M1513-2524 obtained with long-slit oriented along 2 PAs. The
upper panel corresponds to PA=72°, and the lower to PA=350°. In both rows, the first,
second and third columns are for, C 1v and He 11 emission, respectively. The fourth column
is the normalized SPSF corresponding to each PA.

He 11 emission lines with a very weak continuum. Based on long-slit spectroscopy
and narrow band imaging centred on the Lya emission, they identify two spatial
components: a “compact component” with high velocity dispersion (~ 1500 km s™!)
seen in all three lines, and an “extended component”, having low velocity dispersion
(i.e., 700-1000 km s~'). The emission line ratios are consistent with the compact
component being in photoionization equilibrium with an AGN. They also detect
spatially extended associated Lya absorption, which is blueshifted within 250-400
km s=! of the Lya peak. The probability of Ly« absorption detection in such large
radio sources is found to be low (~10%) in the literature. M1513-2524 belongs to
the top a few per cent of the population in terms of Lya and radio luminosities.
Deep integral field spectroscopy is essential for probing this interesting source and
its surroundings in more detail.

Multiphase quasar outflows in z = 2.631 quasar J001514+184212

Raghunathan Srianand, Neeraj Gupta, and collaborators (Pasquier Noter-
daeme, Sergey A. Balashev, Jens-Kristian Krogager, et al.) have presented ultravio-
let to near infrared spectroscopic observations of the quasar SDSS J001514+184212
and its proximate molecular absorber at z = 2.631. The [O 111] emission line of the
quasar is composed of a broad (FWHM~1600 km s™!), spatially unresolved compo-
nent, blueshifted by about 600 km s~! from a narrow, spatially-resolved component
(FWHM ~ 650 km s!). The wide, blueshifted, unresolved component is consistent
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with the presence of outflowing gas in the nuclear region. The narrow component
can be further decomposed into a blue and a red blob with a velocity width of several
hundred km s~! each, seen ~ 5 pkpc on opposite spatial locations from the nuclear
continuum emission, indicating outflows on galactic scales. The presence of ionised
gas on kpc scales is also seen from a weak C 1V emission component, detected in
the trough of a saturated C 1v absorption that removes the strong nuclear emission
from the quasar. They observe absorption lines from atomic species in various ion-
isation and excitation stages and confirm the presence of strong Hs lines originally
detected in the SDSS spectrum. The overall absorption profile is very wide, spread
over ~ 600 km s~!, and it roughly matches the velocities of the narrow blue [O 111
blob. From a detailed investigation of the chemical and physical conditions in the
absorbing gas, they infer densities of about ny ~ 10* — 105%cm =2 in the cold (T~100
K) Ha-bearing gas, which they find to be located at ~ 10 kpc distances from the cen-
tral UV source. They are witnessing different manifestations of a same AGN-driven
multi-phase outflow, where approaching gas is intercepted by the line of sight to the
nucleus. They corroborate this picture by modelling the scattering of Lya photons
from the central source through the outflowing gas, reproducing the peculiar Lya
absorption-emission profile, with a damped Ly« absorption in which red-peaked, spa-
tially offset, and extended Ly« emission is seen. Their observations open up a new
way to investigate quasar outflows at high redshift and shed light on the complex
issue of AGN feedback.

Host galaxy of the z = 3.0091 DLA

While DLAs are thought to arize from the disks of distant galaxies, it is always diffi-
cult to detect the DLA host galaxies. This is mainly because of the faintness of the
host galaxies that are expected to be present at a very low impact parameter to the
bright quasar sightlines. Recently, Raghunathan Srianand, and his collaborators
(Ravi Joshi, Michele Fumagalli, Pasquier Noterdaeme, Patrick Petitjean, et al.) have
reported the detection of the host galaxy of a DLA with log N(H I) [em™?] = 21.0
+ 0.10 at z = 3.0091 toward the background quasar SDSS J0118524040644 using
the Palomar Cosmic Web Imager at the Hale (P200) telescope. They detect Ly«
emission in the dark core of the DLA trough at a 3.30 confidence level, with Ly«
luminosity of Liy, = (3.8 & 0.8) x 10%? erg s™!, corresponding to a star formation
rate of > 2 M, yr~! (considering a lower limit on Ly« escape fraction e ~ 2%) as
typical for Lyman break galaxies at these redshifts. The Lya emission is blueshifted
with respect to the systemic redshift derived from metal absorption lines by 281443
km s~!. The associated galaxy is at very small impact parameter of <12 kpc from the
background quasar, which is in line with the observed anti-correlation between col-
umn density and impact parameter in spectroscopic searches tracing the large-scale
environments of DLA host galaxies.

High pressure and strong UV field in the DLA towards Q0528-250

Raghunathan Srianand,Neeraj Gupta, and collaborators (Sergey A. Balashev,
Cedric Ledoux, Pasquier Noterdaeme, et al.) have revisited the well known asso-
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ciated DLA at zg,s = 2.811 DLA towards Q0528-250 using a very high spectral
resolution and high SNR spectra. The enhanced SNR of the spectrum allowed them
to detect absorption from the excited fine-structure energy levels of singly ionized
silicon (Si 11%) and neutral carbon (C 1) associated with this Hy bearing DLA. This
absorber has an apparent relative velocity that is inconsistent with the Hubble flow
indicating motion along the line-of-sight towards the quasar (i.e., zgs > Zem). The
measured metallicity of this systems is [Zn/H] = —0.68 + 0.02. Using the relative
populations of the fine-structure levels of Si 11 and C 1, as well as the populations of
Hs rotational levels, they constrain the physical conditions of the gas. They derive
hydrogen number densities of ny = 190715 cm™3 and 260730 cm™ in two velocity
components where both C 1 and Hy are detected. Taking into account the kinetic
temperature in each component, ~ 150 K, they infer high values of thermal pressure
in the cold neutral medium probed by the observations. The strengths of the UV
field in Draine’s unit are Iyy = 101“3 and 141“3 in each of these two components, re-
spectively. Such enhanced UV fluxes and thermal pressure compared to intervening
DLAs are likely due to the proximity of the quasar. The typical size of the absorber
is ~ 104 au. Assuming the UV flux is dominated by the quasar, they constrain the
distance between the quasar and the absorber to be ~150-200 kpc. This favours a
scenario where the absorption occurs in a companion galaxy located in the group
where the quasar-host galaxy resides. This is in line with studies in emission that
revealed the presence of several galaxies around the quasar.

Estimation of CMBR temperature at high-z

The linear increase of the cosmic microwave background (CMB) temperature with
cosmological redshift, Toyp = To(1 + 2z), is a prediction of the standard cosmologi-
cal ACDM model. There are, currently, two methods to measure this dependence
at redshift z > 0. The first method is based on the Sunyaev-Zeldovich (SZ) effect
for a galaxy cluster. However, at present, this method is limited to redshifts z < 1,
and only the deviations from the standard relation can be measured with it. In
the second method, one uses atomic or molecular excitations. It is now well estab-
lished by the early work of Raghunathan Srianand, and collaborators (Vladimir
V. Klimenko, Alexandre V. Ivanchik, Patrick Petitjean, and Pasquier Noterdaeme)
that rotational level poplution of CO molecules at high-z (i.e., z > 1.5) DLAs are
effective tracers of the temperature of the CMB. Recently, they have presented a
new estimates of Teyp(z) in the redshift range 1.7 < z < 3.3 based on the analysis
of excitation of the CO rotational levels and C 1 fine-structure levels in 15 absorp-
tion systems. They have carefully taken into account collisional excitation of CO
and C 1 with hydrogen atoms and Hs molecules and radiative pumping of C 1 by
the interstellar ultraviolet radiation. Applying this corrections leads to a systematic
decrease in the previously obtained estimates of Tcyp(z) (for some systems the mag-
nitude of the effect is 10%). Combining these with the measurements of Toyp(z) in
galaxy clusters, they have obtained a constraint on the parameter § = 40.01£0.013,
which characterizes the deviation of the CMB temperature from the standard rela-
tion, Taup = To(1 +2z)!7, and an independent estimate of the CMB temperature
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Figure 4: Measurements of the Tcyp as a function of z. The green triangles, violet circles,
and black diamonds indicate the measurements based on the analysis of the Sunyaev-
Zeldovich effect for galaxy clusters (Luzzi, et al. 2009; Hurier, et al. 2014; Battistelli, et
al. 2002). The orange square represents the measurements using molecules in a galaxy at
z = 0.89 (Muller, et al. 2013). The green and red circles represent the measurements in the
C 1 and CO absorption systems in the spectra of quasars. The black solid line indicates the
change in CMB temperature according to the standard ACDM model. The red dashed line
and the shaded region indicate the change in Tcyp(z) with 2 for an alternative cosmological
model To(1 + z)'=# for the parameter 5 = 0.010 & 0.013.
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at the present epoch, Ty = 2.719 4+ 0.009 K, which agrees well with the estimate
from CMBR measurements, To= 2.7255+0.0006 K (see Figure 4). This independent
estimate is very important because it has been obtained using cosmological data, in
contrast to satellite measurements, which are obtained “here” and “now”.

A carbon enhanced absorber: Signature of pop-III stars?

Metal enrichment studies of high-z absorbers provide important insight into the
early chemical evolution in the universe. Recently, Raghunathan Srianand, and
collaborators (Siwei Zou, Patrick Petitjean, Pasquier Noterdaeme, Cedric Ledoux, et
al.) have studied an unique high column density absorber at z.,s = 1.5441 towards
J134122.504-185213.9 observed with VLT X-shooter. This is a very peculiar system
with strong C 1 absorption seen associated with a neutral hydrogen column density
of log N(H 1) (em™2) = 18.10, too small to shield the gas from any external UV flux.
The low-ionization absorption lines exhibit a simple kinematic structure consistent
with a single component. Using CLOUDY models to correct for ionization, they find
that the ionization parameter of the gas is in the range —4.5 < logU < —4.2 and the
gas density —1.5 < logn(H)(cm™3) < —1.2. The models suggest that carbon is over
abundant relative to iron, [C/Fe] > 42.2 at [Fe/H| — 1.6. Such a metal abundance
pattern is reminiscent of carbon-enhanced metal-poor stars detected in the galaxy
halo. Metal enrichment by the first generation of supernovae provide a plausible
explanation for the inferred abundance pattern in this system.

Detection of a Lyman continuum emitting galaxy at z=1.4

One of the outstanding problems of current observational cosmology is to understand
the nature of sources that produced the bulk of the ionizing radiation after the Cosmic
Dark Age. Direct detection of these reionization sources is practically infeasible
at high redshift (z) due to the steep decline of intergalactic medium transmission.
However, a number of low-z analogues emitting Lyman continuum (LyC) at 900
Angstrom restframe are now detected at z < 0.4, and there are also detections in
the range 2.5 < z < 3.5. The redshift range 0.5 < z < 2.5 has remained barren and
has been termed as the LyC desert (See Figure 5). Kanak Saha, and collaborators
show the first observational detection of a LyC emitting galaxy at redshift z = 1.42
by the Ultraviolet Imaging Telescope on board AstroSat. This detection of extreme
ultraviolet radiation from a distant galaxy at a restframe wavelength of 600 Angstrom
opens up a new window to constrain the shape of the ionization spectrum.

Quasars, AGN and Absorption Systems

Multi-phase medium in the centre of Centaurus A

Multi-wavelength observations of environment of several galaxies have shown the
coexistence of multi-temperature region (i.e., the co-spatial existence of hot and cold
gas). Theoretically, it is often argued that the presence of multi-phase medium is a
natural consequence of phenomenon called Thermal Instability (TI), which operates
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Figure 5: AUDFs01 is the newly discovered galaxy in the LyC desert.
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Figure 6: Chandra X-ray images together with ALMA contours. The top image
shows the central 1 kpc of Cen A in X-rays, with overlaid integrated CO (1-0) flux
density contours from the ALMA main array. The bottom image shows the same,
but focused on the central 200 pc region of interest
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Figure 7: Left panel: 3D plot of CO (1-0) line emission derived from photoionization
computations as a function of gas density, inner radius, and the column density. It is
clear from the figure that the low denstity - high column dusty gas model favours the
observed CO (1-0) emission measured from ALMA. Right panel: Length scales of CO (1-
0) emission for various column densities are given in the panel box. The model is computed
for a gas density 3.7 x 107* cm ™3 located at the inner radius of 10 pc. For each case of
cloud thickness, the outer radius is marked by a vertical line. The resulting cloud sizes and
CO (1-0) line luminosities are displayed near each vertical line. It is found that in order
to reproduce the observed CO line emissivity, the thickness of dusty material should be
about 420 pc (22 arcsec), located around 1000 pc (55 arcsec).

when the radiation field from the centre of galaxy interacts with the ambient gas and
dust. Tek P. Adhikari, and collaborators (Abhijeet Borkar, Agata Rozanska, Alex
G. Markowitz, Peter Boorman, et al.) investigated the multi-temperature medium
in the vicinity of the AGN Centaurus A (Cen A) by using combined high-resolution
observations with the ALMA telescope and Chandra X-ray observatory. The analysis
and comparison of the radio and X-ray images obtained from these observations
indicates that the hot X-ray emitting plasma is co-spatial with the warm and cold
media in Cen A (Figure 6). The authors utilized the photoionization calculations
and verified that the TT is indeed able to generate the multi-phase medium in Cen A,
where the hot X-ray phase with temperature > 10° K stays in pressure equilibrium
with the partially ionized gas of temperature 10* K that emits the Ho spectral line.
They demonstrate that cold gas clouds can co-exist in the mutual contact with hot
plasma, but even colder dusty molecular clouds have to be distanced by several
hundred pc from the central hot region. Finally, the authors propose a 3D model of
the appearance of the hot plasma and the CO line-emitting regions consistent with
the Chandra image, and derive the emissivity in specific molecular lines observed by
ALMA from this model (Figure 7 (left)). To reproduce the observed images and the
CO line luminosity, the dusty shell has to be 420 pc thick and located at 1000 pc
from the center of Cen A (Figure 7 (right)).

Compact steep-spectrum and peaked-spectrum radio sources

Compact steep-spectrum (CSS) and peaked-spectrum (PS) radio sources are powerful
extragalactic radio sources associated with galaxies and quasars. These are all < 20
kpc in size with the PS sources being smaller, usually < few kpc. There are three
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Figure 8: Sky map showing the 95% Credible Level upper limits on gravitational wave
energy flux from different directions in the sky for a signal model consisting of mergers of
binary black holes and binary neutron stars.

main hypotheses for the nature of PS and CSS sources. (i) The PS sources might be
very young radio galaxies which will evolve into CSS sources on their way to becoming
large radio galaxies. (ii) The PS and CSS sources might be compact, because these
are confined (and enhanced in radio power) by interaction with dense gas in their
environments. (iii) Alternately, these sources might be transient or intermittent
sources. Each of these hypotheses may apply to individual objects. On an invitation
from the Astronomy and Astrophysics Review, Christoper P. O’Dea, and Dhruba
J. Saikia have reviewed the multi-wavelength properties of these sources, suggested
likely scenarios and discussed open questions and prospects for future work.

Gravitational Waves

Search for anisotropies in the gravitational wave backgrounds

One of the major goals of LIGO-Virgo-KAGRA (LVK) gravitational wave (GW)
detector network is to detect GW background, which is expected to arise from the
superposition of GW signals from many unresolved astrophysical and/or cosmological
sources. Generally, these different GW backgrounds are expected to have different
frequency dependence, and hence, we might be able to distinguish between them.
Apart from the frequency dependence, they can also have spatial features on the sky.
For example, since the universe has structures, such as galaxies and galaxy clusters,
we expect the sources of GW signals to preferably reside in regions of the sky that
contain these structures, giving rise to anisotropies (direction-dependent features) in
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the observed GW backgrounds. These anisotropies, if detected, would give us insights
into the history of the early universe, and also explain how matter is distributed in
the nearby universe. Using data from recently concluded observing runs (O3) of
LIGO and Virgo detectors, we searched for anisotropies in the GW background. We
did not find any significant evidence in such a background. However, we were able
to set stringent upper limits on the strength of GW signals from different directions
on the sky (see Figure 8). The team, consisting of members from various institu-
tions in the LVK collaboration, was led by Shivraj Kandhasamy, Sanjit Mitra,
Sanjeev V. Dhurandhar, Sukanta Bose, and their students and postdocs played
key roles over the past two decades in development and advancement of the primary
algorithm (the radiometer) used for the search. The new analysis algorithm and the
corresponding software (PyStoch) used for most part of the current analysis were
primarily developed by the present and past [UCAA researchers under the guidance
of Sanjit Mitra. Once the LIGO-India detector comes online, these searches will

get a significant sensitivity boost and they might be able to detect the anisotropies
in GW background.

Unified mapmaking for an anisotropic stochastic gravitational wave back-
ground

The LIGO-Virgo collaboration have been putting upper-limits on the anisotropic
stochastic gravitational wave backgrounds using data from all past observation runs
of the LIGO detectors using the “radiometer algorithm, that uses cross-correlation
of data from pairs of detectors with appropriate time dependent phase delays to con-
struct a map of the sky. These upper-limits were being put in the pixel and spherical
harmonic bases separately. Sanjit Mitra with collaborators (Jishnu Suresh, and
Anirban Ain) showed that the results derived in one basis are transformable to the
other, as one would expect. They incorporated the spherical harmonic basis analysis
in the highly efficient PyStoch pipeline, which they had originally developed for the
pixel basis. Moreover, they introduce techniques for fast implementation of the anal-
ysis in the spherical harmonic basis, which is useful to derive the Fisher information
matrix in that basis necessary for putting upper-limits and showed that the results
numerically agree to the conventional method to better than 0.1%. Thus, one uni-
fied pipeline will now be able to perform all the standard searches for the stochastic
background in an efficient way and enabling comprehensive cross-validation of the
results.

Probing hyperons in neutron stars using GWs from f-mode oscillations

Multi-messenger observations (gravitational wave, multi-wavelength electromagnetic
observations) of neutron stars (NS) provide us with information rich in physics un-
der extreme conditions. At the ultra-high densities in the NS interior, strangeness-
containing matter (e.g., hyperons), which are briefly seen in heavy-ion collision reac-
tions, could appear as stable components of matter. The presence of strange matter
will influence the equation of state (EoS) and consequently the observable properties
of NSs. Quasi-normal modes, such as f-modes, may be excited in isolated NSs or
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Figure 9: f-mode frequencies as a function of NS mass. Curves with same colour correspond
to same Z-hyperon potential (hyperon potential with largest uncertainty) in MeV. Set of
curves within a shaded area correspond to a fixed value of effective nucleon mass (dominant
uncertainty among nuclear saturation parameters).

NS mergers, producing copious amounts of gravitational waves (GW). The frequency
and damping times of such modes contain information about the NS core composi-
tion. Detection of f~modes would then allow us to invert semi-empirical relations in
asteroseismology and impose constraints on the NS EoS.

During his graduate project under the supervision of Debarati Chatterjee,
Bikram K. Pradhan investigated the influence of the appearance of hyperons
on f-mode oscillation frequencies, and therefore, on the emission of GWs. They
extended a recent sensitivity study of the role of underlying nuclear saturation pa-
rameters and their uncertainties (obtained from state-of-the-art nuclear experiments)
to include hyperonic degrees of freedom. Their investigation also discussed whether
a future detection of f-mode frequencies could provide a possibility of probing the
presence of hyperons in the neutron star core. (See Figures 9 and 10).

Gravitational lensing of gravitational waves: Effect of microlens popula-
tion in lensing galaxies

With increasing sensitivities of the current ground-based gravitational wave (GW)
detectors, the prospects of detecting a strongly lensed GW signal are high in the
coming years. When such a lensed signal passes through an intervening galaxy or
a galaxy cluster, it encounters the embedded stellar-mass microlenses, causing time
delays to range from milliseconds to microseconds. These time delays lead to interfer-
ence patterns that change the GW waveforms morphology and may leave observable
signatures. Under the supervision of Sukanta Bose and Anupreeta More, Anuj
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Figure 10: Frequencies for [ = 2 mode as a function of the average density of the star,
for variation in both effective mass and Z-hyperon potential. Red solid lines correspond
to stars with nucleon-hyperon core and blue solid lines to stars with only nucleonic core.
Linear fit relations from this work and other works are shown with dashed lines.

Mishra has conducted an extensive study of how such strongly lensed signals in
the LIGO/Virgo frequency range (10 — 10*Hz) can be affected when microlensed.
The methodologies for simulating amplification curves for both minima and saddle
images are discussed. A wide range of strong lensing (macro) magnifications and the
corresponding surface densities of the microlens population found in lensing galax-
ies are considered, which are then used to generate realisations of the amplification
factor. Effects of parameters like macro-magnifications, stellar densities, the initial
mass function (IMF), types of images, and microlens distribution around the source
on microlensing are also studied. In general, with increasing macro-magnification
values, the effects of microlensing become increasingly significant regardless of other
parameters. These investigations, in typical galaxy-scale lens environments, have
been carried out for the first time. Mismatch analysis between the lensed and the
unlensed GW waveforms suggests that microlensing cannot be neglected for macro-
magnification higher than 15. Whereas, for extremely high macro-magnifications >
100, the effect can be so drastic that we might even miss such signals.

Time-delay interferometry for LISA

With the updated Laser Interferometric Space Antenna (LISA), our current experi-
ence with real data from ground-based detectors has shown why it is vital to adopt
an approach in which the statistics for performing the data analysis are free from
singularities. The algebraic-geometric approach described in the article is inherently
singularity free. A seemingly different approach to TDI using matrices has been pro-
posed by other researchers. One of these approaches is termed as TDI-infinity. We
have found that it is nothing but the matrix representation of TDI observables - a
ring homomorphism - so in principle is no different from the original one. Currently,
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Sanjeev V. Dhurandhar, Massimo Tinto, and Prasanna Joshi are investigating
the advantages/disadvantages of this approach of using matrix representations.

An optimal chi-square discriminators against noise transients in searches
for binary black-hole mergers

The traditional chi-square veto has been applied to the gravitational wave data with
fair amount of success. However, this test is ad hoc and is not guaranteed to be opti-
mal. Prasanna Joshi, Rahul Dhurkunde, Sanjeev V. Dhurandhar, and Sukanta
Bose construct an optimal chi-square test for glitches in the data, which can be mod-
elled as sine-Gaussians, becuase such glitches are ubiquitous in the data. The method
for constructing any chi-square has been fully discussed in our previous work. The
parameter space of sine-Gaussians is adequately sampled and a vector space spanned
by these sampled glitches is obtained. However, this space is very high dimensional
and difficult to deal with from the computational point of view. By applying singular
value decomposition techniques, it is possible to whittle down this space to a much
lower dimensional subspace which best approximates the glitches. This procedure
eventually leads to the required optimal chi-square for sine-Gaussian glitches.

Hierarchical search for detecting gravitational waves from compact coa-
lescing binaries (CBC).

Standard searches are currently restricted to the parameter space which assumes
aligned spins. A larger parameter space allowing precession will entail far more
number of templates escalating the computational cost. Kanchan Soni, Sanjit
Mitra, and Sanjeev V. Dhurandhar have implemented a hierarchical strategy to
search for CBCs on real data from the science runs O1 and O2. In the first step,
a search with a coarse bank at low sampling rate is carried out with a relatively
low threshold and then the candidate triggers are followed up with a fine search
with the sufficiently high threshold. This method of search is more efficient. They
demonstrate a computational advantage of about 20 over the usual search in real
data. This saving in the computational cost will allow us to free up computational
resources and time.

Cosmic Magnetic Fields

Properties of polarized synchrotron emission from fluctuation-dynamo ac-
tion - I. Application to galaxy clusters

Using magnetohydrodynamic simulations of fluctuation dynamos, Sharanya Sur, Ar-
itra Basu, and Kandaswamy Subramanian perform broad-bandwidth synthetic
observations to investigate the properties of polarized synchrotron emission and the
role that Faraday rotation plays in inferring the polarized structures in the intraclus-
ter medium (ICM) of galaxy clusters. In the saturated state of the dynamo, they find
a Faraday depth (FD) dispersion orp &~ 100 rad m™2, in agreement with observed
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values in the ICM. Remarkably, the FD power spectrum is qualitatively similar to
M(k)/k, where M (k) is the magnetic spectrum and k& the wavenumber. However,
this similarity is broken at high & when FD is obtained by applying rotation mea-
sure (RM) synthesis to polarized emission from the ICM due to poor resolution and
complexities of spectrum in FD space. Unlike the Gaussian probability distribution
function (PDF) obtained for FD, the PDF of the synchrotron intensity is lognormal.
A relatively large opp in the ICM gives rise to strong frequency-dependent varia-
tions of the pixel-wise mean and peak polarized intensities at low frequencies (< 1.5
GHz). The mean fractional polarization < p > obtained at the resolution of the
simulations increases from < 0.1 at 0.5 GHz to its intrinsic value of ~ 0.3 at 6 GHz.
Beam smoothing significantly affects the polarization properties below 1.5GHz, re-
ducing < p > to < 0.01 at 0.5 GHz. At frequencies greater than 5 GHz, polarization
remains largely unaffected, even when recovered using RM synthesis. Thus, their re-
sults underline the need for high-frequency (> 5GHz) observations with future radio
telescopes to effectively probe the properties of polarized emission in the ICM.

Small-scale dynamo in supernova-driven interstellar turbulence

Magnetic fields grow quickly even at early cosmological times, suggesting the action
of a small-scale dynamo (SSD) in the interstellar medium of galaxies. Many studies

have focused on idealized turbulent driving of the SSD. Frederick A. Gent, Mordecal-
Mark M. Low, Maarit J. Kaplya, and Nishant K. Singh simulate more realistic
supernova-driven turbulence to determine whether it can drive an SSD, which acts
at small eddy scales of turbulence, driving magnetic field growth at correspondingly
short timescales. The large-scale dynamo (LSD) with much longer turnover times
generates magnetic fields ordered on kiloparsec scales. Hence, capturing LSD along-
side the faster growing modes of SSD in simulations is computationally challenging.
However, interaction between SSD and LSD modes likely fundamentally determines
the evolution and structure of the magnetic field.

They found that the magnetic field growth occurring in their model appears in-
consistent with simple tangling of magnetic fields, but consistent with SSD action.
Across the modelled range of 0.5 - 4 pc resolution, they found that the SSD satu-
rates at about 5% of kinetic energy equipartition, independent of growth rate. Thus,
through the most extensive resolution and parameter study to date, they demon-
strated that SSD likely occurs easily in the ISM.

Mean field dynamo action in shearing flows. II: Fluctuating kinetic helic-
ity with zero mean

Naveen Jingade, and Nishant K. Singh explored the role of temporal fluctuations
in kinetic helicity on the generation of large-scale magnetic fields in the presence of
a background linear shear flow. Their model, which includes memory effects and the
infuence of shear also on the stochastic flow in a self-consistent manner, is successful
in predicting a linear scaling (seen in earlier numerical experiments) for the dynamo
growth rate with shear at small values of shear rates, purely by temporal fluctuations
in the kinetic helicity that are weak enough to avoid any negative turbulent diffusion.
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Another important prediction, which appears to be a reasonable expectation, is that
the dynamo is quenched when shear becomes too strong. This work is expected to
play an important role in understanding the origin of coherent magnetic fields in
those systems where the standard alpha-effect is subcritical.

High Energy Astrophysics

Spectropolarimetric analysis of prompt emission of GRB 160325A

The study by Vidushi Sharma, Shabnam Iyyani, Dipankar Bhattacharya,
Tanmoy Chattopadhyay, Santosh V. Vadawale, et al. of the spectroscopy of GRB
160325A with the Fermi satellite and concurrent polarimetry with the AstroSat-
CZTI instrument has revealed that, of the two pulses in this burst, the first one has
a mixture of thermal photospheric emission and non-thermal synchrotron emission,
while the second one is generated entirely by optically thin synchrotron emission in
an ordered magnetic field.

Identifying black hole central engine in gamma ray bursts

The central engine of a gamma ray burst may either be a fast-spinning, strongly
magnetized neutron star called a magnetar, or a spinning, accreting, stellar mass
black hole. Analysis of the energetics of a large sample of gamma ray bursts has led
to the identification of at least eight events in which the total emitted radiative energy
exceeds what could be maximally available from a magnetar. These are clear cases
of black-hole powered bursts. It was also found that the X-ray light curve of these
cases do not exhibit the plateau phase that is often attributed to magnetar-powered
emission This study has been done by Vidushi Sharma, Shabnam Iyyani, and
Dipankar Bhattacharya.

Time evolution of cyclotronline of Her X-1

AstroSat observations of the X-ray pulsar Her X-1, along with historical observations
from multiple missions spanning three decades were used to determine the tempo-
ral evolution of its cyclotron line energy, and hence, the apparent magnetic field
strength. Suman Bala, Dipankar Bhattacharya, Ruediger Staubert and Chan-
dreyee Maitra found that the line energy of the source exhibited a steady decline
during 1995-2008 and has been steady since then, indicating a possible equilibrium
height achieved by the mound of accretion matter accumulated at the polar cap of
the neutron star. This is the first such system where such an analysis has been
possible.

Detection of a new cyclotron feature in 4 ¢ 1700 - 37

In-depth spectroscopic and timing study of a high-mass X-ray binary system 4U1700-
37 was carried out by Suman Bala, Jayashree Roy, and Dipankar Bhat-
tacharya, using data from AstroSat and NuSTAR missions. A search for periodicity
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in the light curve showed no significant detection, while in the energy spectrum a
rare Nickel K-alpha emission line was detected at 7.6 keV and the hint of a cyclotron
resonance scattering feature was found near 16 keV.

AstroSat observations of the first galactic ULX pulsar

The first ultraluminous X-ray pulsar detected in the Milky Way galaxy, Swift
J0243.6+612, was observed with AstroSat during its 2017-2018 outburst. The data
revealed pulsations at 9.85 sec period at energies up to 150 keV, with the pulsed
fraction increasing towards higher energies. The spectrum observed by Aru Beri,
Sachindra Naik, Kuliner P. Singh, Dipankar Bhattacharya, Gulab C. Dewan-
gan, et al. showed strong evidence of optically thick outflows.

Accretion disks around super-massive black holes

Powering enormous luminosity of Active Galactic Nuclei (AGNs) is thought to be
the most efficient and stable engines known in the Universe. The inner regions of
accretion disks in AGN are not well understood. Gulab C. Dewangan, Prakash
Tripathi, [.E. Papadakis, and Kulinder P. Singh used the Indian multi-wavelength
AstroSat observatory to study a powerful Seyfert 1 galaxy IC 4329A. The Ultra-
Violet Imaging Telescope (UVIT) onboard the AstroSat mission provided the highest
resolution and deepest images of acquired to date in the far and near UV bands.
These data allowed them to accurately separate the extended emission from the host
galaxy and the AGN emission, and enabled to derive the intrinsic AGN flux after
correcting for the galactic and internal reddening, as well as for the contribution of
emission lines from the broad and narrow line regions. The intrinsic UV continuum
emission showed a marked deficit compared to that expected from the “standard”
models of the accretion disk around an estimated black hole mass of 1 — 2 x 10%M,
when the disk extends to the innermost stable circular orbit. The intrinsic UV
continuum is found to be fully consistent with the standard disk models, but only if
the disk emits from distances larger than ~ 80 — 150 gravitational radii.

AstroSat observation of 2016 burst of H ~1743-322

Swadesh Chand, Vivek K. Agrawal, Gulab C. Dewangan, Prakash Tripathi, and
Parijat Thakur detected type C quasi-periodic oscillation (QPO) along with upper
harmonic at respective frequencies of ~ 0.6 Hz and ~ 1.2 Hz in a single AstroSat
observation taken during the 2016 outburst of the low-mass black hole X-ray binary
H~1743-322. These frequencies are found to be shifted by ~ 0.4 Hz for the QPO
and ~ 0.8 Hz for the upper harmonic with respect to that found in the simultaneous
XMM-Newton and NuSTAR observations taken five days later than the AstroSat
observation, indicating a certain geometrical change in the system. However, the
centroid frequency of the QPO and the upper harmonic does not change with energy,
indicating the energy-independent nature. The decreasing trend in the fractional
rms of the QPO with energy is consistent with the previous results for this source
in the low/hard state. The photon index of about 1.7 also indicates that the source
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was in the low/hard state during this particular observation. In addition, a hard
lag of 21 ms in the frequency range of 15 Hz is found similar to the XMM-Newton
observations during the same outburst. The log-linear trend between the averaged
time lag and energy indicates the propagation of fluctuations in the mass accretion
rate from outer part of the accretion disk to the inner hot regions.

Evience of disc reflection in the X-ray spectrum

Aditya Mondal, Biplab Raychaudhuri, and Gulab C. Dewangan studied the broad-
band X-ray spectrum of the atoll source 4U 1636-536 using NuSTAR observations.
The source was found to be in a low-luminosity state during this observation with 3-
79 keV X-ray luminosity of 1e37 erg/s, assuming a distance of 6 kpc. The continuum
is well described by a thermal Comptonization model nthcomp with photon index of
1.9, electron temperature of 28 keV, and seed photon temperature of about 0.9 keV.
The NuSTAR data revealed a clear signature of disc reflection, a significantly broad
Fe-K emission line (around 5-8 keV), and the corresponding reflection hump (around
15-30 keV). These reflection features prefer truncated inner disc radii prior to the
ISCO. They find that the inner disc is truncated with an inner radius of R;, = 3.2—4.7
RISCO (16 - 24 gravitation radii or 36 - 54 km). This inner disc radius suggests that
the neutron star magnetic field strength is less than about 2¢10°G.

UV nuclei or a compact star forming region

Partha P. Deka, Gulab C. Dewangan, Kulinder P. Singh, and Joseph Postma
reported the discovery of a bright, compact ultraviolet source at a projected sepa-
ration of 1.1 kpc from the known active galactic nucleus (AGN) in Mrk~766 based
on AstroSat/UVIT observations. They performed radial profile analysis and derive
the UV flux almost free from the nearby contaminating sources. The new source is
about 2.5 and 5.6 times fainter than the AGN in the far and near UV bands. The
two sources appear as a pair of nuclei in Mrk~766 and highly unlikely to be another
accreting supermassive black hole in Mrk~766 as it lacks X-ray emission. They in-
vestigated the nature based on the UV flux ratio, X-ray and optical emission. It is
found that the UV /Optical flux measured at four different bands closely follow the
shape of the template spectrum of starburst galaxies. Thus, the new source is most
likely a compact star-forming region.

Unveiling the broadband spectral and temporal properties of PKS 0903-57
during its brightest flare

Blazars are subclass of active galactic nuclei (AGNs) with powerful relativistic jet
pointing close to the line of sight of the observer, which results in extreme prop-
erties in the blazar emission. Zahir A. Shah, Vadakkumthani Jithesh, Sunder
Sahayanathan, and Naseer I. Bhat carried a detailed spectral and temporal study of
blazar, PKS 0903-57 using the Fermi-LAT and Swift-XRT/UVOT observations, dur-
ing its brightest flaring period MJD 58931-58970. The source reached a maximum
daily averaged vy-ray flux of 9.42 x 10~® phem=2s7! in the energy range 0.1-500 GeV
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on MJD 58951.5. This is the highest y-ray flux detected. The authors found that
several high-energy (HE) photons (> 10GeV) were consistent with the source lo-
cation at high probability (> 99%). They also found that the 7-ray lightcurve in
the active state has multiple substructures with asymmetric profile. In order to
understand the possible physical scenario responsible for the flux enhancement, the
authors carried a detailed broadband spectral study by choosing different flux states
from the active period of the source. Neglecting the multi-band variability in each
of the selected time intervals, the authors reproduce their averaged broadband SEDs
with a one-zone leptonic model whose parameters were derived with a x2-fit. It is
found that the broadband SED during different flux states can be reproduced by
the synchrotron, synchrotron-self-Compton (SSC), and External-Compton (EC) pro-
cesses. The seed photons for EC process from BLR or IR torus provide acceptable
fits to the GeV spectrum in all the flux states; however, the detection of HE photons
together with the equipartition condition suggests that the EC/IR process is a more
likely scenario. Further, a detailed comparison between the fit parameters shows
that the flux enhancement from quiescent-state to the flaring-state is mostly related
to increase in the bulk Lorentz factor of the emission region and change in the break
energy of the source spectrum

AstroSat observation of the HBL 1ES 1959+650

Zahir A. Shah, Savithri H. Ezhikode, Ranjeev Misra, and T. R. Rajalak-
shmi carried a detailed study of X-ray flaring activity of 1ES 19594650 during
October 25-26, 2017 using the AstroSat observations. A maximum X-ray flux of
1.7 x 10 %rgem—2s~! was observed. For the first time, a delay between the particle
spectral shape and particle density is revealed. The authors investigate the evolution
of X-ray spectral properties during the AstroSat observations of the source using the
method of time-resolved spectroscopy. They divided the total observation period into
time segments of 5 ks, and created SXT and LAXPC spectra for each segment. Each
time-resolved spectra were then fitted with a broken power-law convolved with the
Synconv model. They found a weak anti-correlation between the index and particle
density at zero time lag, a general feature observed in blazars. However, at time delay
of about 60 ks, they observed a stronger positive correlation between these parame-
ters. The amplitude of the normalised particle density variation |An(vy)/n(y) ~ 0.1
was found to be less than that of the index |AI' ~ 0.5]. The authors model the
amplitudes and the time delay in a scenario where the particle acceleration time-
scale varies on a time- scale comparable to itself. In this framework, the rest frame
acceleration time-scale is estimated to be ~ 1.97 x 10° secs and the emission region
size to be ~ 6.73 x 10% cms.
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Computational Astrophysics

Simulations of relativistic jet driven feedback

Relativistic jets from supermassive black holes are considered to be a important driver
of galaxy evolution. Synchrotron radiation from such jets have been observed in radio
frequencies. In order to better understand the dependence of the observed emission
on the properties and dynamics of the fluid inside such jets, Dipanjan Mukherjee,
and his collaborators have performed a set of novel simulations of relativistic jets
evolving into the circum-galactic environment. The simulations have used a newly
developed numerical module in the PLUTO astrophysical code, that follows the
energetics of relativistic non-thermal electrons that emit synchrotron radiation. The
simulations cover the dynamics of jets of sizes of ~ 10 kpc, which represent the
evolution of young jets that have been freshly triggered by the central super-massive
black holes, as shown in Figure 11. The work primarily explores the dynamical

Figure 11: Left: 3D volume referring a simulation of a relativistic jet. The low-power
jet (P ~ 10*erg s~1), shows kink instability, demonstrated by strong bending of the jet-
head. The cocoon bubble is depicted in green. The red and blue contours in the central
regions denote the jet velocity. The vectors in purple represent the local magnetic field.
Right: Shows the tracks of a few non-thermal macro-particles, each of which represents
a collection of relativistic electrons, with an energy distribution defined by their spectrum.
The colour of the particles denote the number of shocks encountered up till the given point
in the trajectory. The particles get accelerated at the complex shock near the jet-head and
stream downwards with the back-flow.

implications of different MHD instabilities, on the evolution of the jet, and what
are their implication for the evolution of non-thermal cosmic ray electrons inside
such jets. They have shown how such instabilities can result in internal turbulence
in the cocoon, or complex shock structures at the jet-head, which can re-accelerate
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Figure 12: .

cooling electrons. This has significant effect on interpreting the radiative ages of such
systems from osbervations of synchrotron radiation.

The MeerKAT Absorption Line Survey (MALS) gets real !

The MeerKAT Absorption Line Survey (MALS) is one of the ten large surveys be-
ing carried out with the MeerKAT radio telescope in South Africa. The MeerKAT
array consists of 64 dishes of 13.5m, designed to achieve high sensitivity and imag-
ing dynamic range. Until the Square Kilometer Array (SKA) phase-I is completed,
MeerKAT will be the most sensitive telescope at cm wavelengths. Eventually,
MeerKAT will be incorporated into SKA phase-I.

MALS consists of 1,655 hrs of MeerKAT time (anticipated raw data ~1.7 PB) to
carry out the most sensitive search of HI and OH absorption lines at 0 < z < 2, the
redshift range over which most of the evolution in the star formation rate density
takes place.

Already, ~ 400 MALS pointings have been observed. The 500 TB of raw visibility
data corresponding to these have been transferred to IUCAA. These data are being
processed at the specialized data processing and archiving facility set up at [TUCAA
and released to the survey team in August 2020, and is regularly updated to meet
the requirements of the project. The setup consists of Automated Radio Telescope
Imaging Pipeline - ARTIP specifically developed for MALS.

ARTIP follows a stage driven architecture, in which outputs from previous stages
are used by subsequent stages. At the highest level, it is split into the following four
components: ARTIP-CAL, ARTIP-CUBE, ARTIP-CONT, and ARTIP-Diagnostic,
which are responsible for calibration, spectral line imaging, continuum imaging, and
generating various diagnostic plots and statistics, respectively. The pipeline has been
rigorously tested using wideband data from uGMRT, VLA and MeerKAT.

The first uGMRT wideband spectrum is shown in the following figure. Based
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on this pilot survey, Neeraj Gupta, Raghunathan Srianand, and collaborators
estimate the numbers of HI and OH absorbers per unit redshift to be ng; (2 ~ 0.18) <
0.14 and nog(z ~ 0.40) < 0.12, respectively, and constrain the cold gas covering
factor of galaxies at large impact parameters (50kpc < p < 150kpc) to be less than
0.022. Due to the small redshift path, Az ~ 13 for H I with column density > 5.4 x
10*em =2, the survey has probed only the outskirts of star-forming galaxies at p > 30
kpce. MALS with the expected Az ~ 103~* will overcome this limitation and provide
stringent constraints on the cold gas fraction of galaxies in diverse environments over
0<z<15.

The initial MALS science verification observations of the distant gravitationally
lensed quasar, PKS1830-211 (z = 2.51) have led to the highest redshift detection of
OH satellite lines at z = 0.89. The previous detection was at z = 0.25. The total OH
1720 MHz emission line luminosity is 6, 100L®. This is the most luminous known
1,720 MHz maser line and is also among the most luminous of the OH main line
megamasers.

They perform detailed modelling of HI and OH lines detected towards PKS1830-
211, and show that while the OH main line ratios are in local thermodynamic equi-
librium, the satellite lines require an additional non-thermal component and show
conjugate behaviour. Using a lens galaxy model derived from an N-body hydrody-
namical simulation, with a morphology similar to its optical HST image, it is shown
that the resulting absorption lines depend mainly on the background continuum
and the radial distribution of the gas surface density for each atomic and molecular
species. It is possible to reproduce the observations assuming a realistic spiral galaxy
disk without invoking any central gas outflows. However, there are distinct and faint
high-velocity features in the ALMA millimeter absorption spectra that most likely
originate from high-velocity clouds or tidal features. These clouds may contribute to
the broadening of the H I and OH absorption profiles.

The OH lines can be used as an excellent tracer of diffuse molecular gas as well as
dusty /high star forming regions of the Universe. In coming years, MALS will provide
an unbiased census of these in the Milky Way halo and external galaxies at z < 2.
Besides carrying out a sensitive search for intervening HI and OH absorbers, MALS
will also provide an unbiased census of intrinsic HI and OH absorbers, that is, cold
gas associated with powerful AGNs (radio power > 1024WHz — 1) at 0 < z < 2,
and will simultaneously deliver a blind HI and OH emission line survey and a full-
polarization radio continuum survey. The images and catalogues corresponding to
these will be released to the MALS team and wider astronomy community through
the data processing and archiving setup described above.

Stars, Interstellar Medium and Planetary Studies

Laboratory studies of regoliths — Porosity effects

Numerous atmosphereless minor bodies of our solar system are covered by layers
of loosely bound dust particles, which are called regoliths. Light scattered by re-
golith surfaces is a function of their bulk porosity, their sizes, shapes, structures and
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Figure 14: .

Figure 15: .

Figure 16: .




337
T ufdes

2020-21

I R N TN TR TR SR SR T
& & B % D& H 10 WM @3 W W

Pl gl (i i)

Figure 17: Reflectance of light scattered from rough surface containing 88 pm brown
corundum powder having porosity 0.40 and 0.47 under geometrical configurations 1 (left)
and 2 (right) are shown as a function of phase angle. The B and A represent laboratory
data points and solid line represents Hapke’s model curve.

compositions of the constituent particles. Laboratory studies of such regoliths have
been going on for more than a decade by Asoke K. Sen and his students along with

Ranjan Gupta using a goniometer developed under IUCAA collaboration.

A set of eight samples including three with industrial origin (brown corundum with
three different sizes, silicon carbide and boron carbide) and four with natural origin
(olivine, basalt, Martian JSC1 simulant, and Oman desert sand) were considered for
the studies as analogues for the regolith surfaces of the minor bodies in the solar
system.

The four Figures 17, 18, 19, and 20 show that the Hapke’s model could fit the
experimental phase curves very well. Among the parameters, the single particle scat-
tering albedo can be deduced, the porosity being a free parameter. These laboratory
studies clearly provided a technique through which one can remotely infer the differ-
ent physical properties of the solar system regoliths, which is very useful for future
landing missions on different minor bodies.

The variation of albedo with particle size (and also porosity) can be studied in
future by investigating different types of analogues as found on the terrestrial surface,
meteorite powder, and even from the dust collected from return space missions. It is
to be noted that our experiment is the only one of its kind in the country and only
a few such experiments are conducted around the world.

Si IV line ratios in an emerging flux region

Line ratios are considered to be one of the best parameters for diagnosing the phys-
ical conditions in astrophysical plasma. The two lines of Si IV ion, formed at
1394 Angstrom and 1403 Angstrom, are observed by the Interface Region Imaging
Spectrometer (IRIS). These lines play an important role in characterizing the physical
state of the plasma in different features observed in transition region. Under opti-
cally thin condition, the ratio of these two lines (1394 Angstrom/1403 Angstrom)
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Figure 18: Reflectance of light scattered from rough surface containing 15 pm silicon
carbide powder having porosity 0.56, 0.63 and 0.68 under geometrical configurations 1 (left)
and 2(right) are shown as a function of phase angle. The B and A represent laboratory
data points and solid line represents Hapke’s model curve.
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Figure 19: Reflectance of light scattered from rough surface containing 45-53 pm basalt
and 49 um olivine powder (mixed together) having porosity 0.64 and 0.55 under geometrical
configurations 1 (left) and 2 (right) are shown as a function of phase angle. The B and A
represent laboratory data points and solid line represents Hapke’s model curve.
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Figure 20: Reflectance of light scattered from rough surface containing Martian JSC1
simulant with size ~ 600 pm powder having porosity 0.37 and 0.42 under geometrical
configuration 1 (left) and 2 (right) are shown as a function of phase angle. The B and A
represent laboratory data points and solid line represents Hapke’s model curve.
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Figure 21: Time evolution of the median and mean of the intensity ratios.
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is predicted to be two. Therefore, any departure from this value will suggest that
the physics of optically thin plasma cannot be applied. In this work, Durgesh Tri-
pathi, and colleagues have studied the emergence and evolution of an active region
and studied the time evolution of the ratio of these two lines. Moreover, this ratio
has been compared with those obtained for quiet Sun regions. It was found that dur-
ing the early phase of the development, majority of the regions show ratios smaller
than two, and then changes to two as the active region evolves further (see Figure
21). They also found that there were significant amount of regions within the active
region that showed ratios larger than 2, which were mostly located within the core
of the active region. These findings suggest that the physics of optically thin plasma
cannot be applied in the emerging flux regions while studying Si IV lines as they
show opacity effects. These results have important implications for the modelling of
the solar atmosphere.

Prediction of solar wind speed using deep learning

In order to study the space-weather and its impact, an accurate forecasting of solar
wind is of paramount importance. Vishal Upendran, and colleagues have used deep
learning to forecast solar wind speed as measured near-Earth (L1 point) given solar
coronal intensity as seen in extreme-ultraviolet wavelengths. This end-to-end fore-
casting scheme, based purely on deep learning, outperforms baseline auto-regressive
and the standard 27-day persistence model on various metrics (the best-performing
correlation was =~ 0.55). A image showing the observed wind speed (blue), and fore-
casted wind speed (orange) is given in Figure 22. The vertical bars indicate sudden
enhancements in the wind speed.

On investigating the machine learning forecast of “fast” and “slow” winds, the
machine was found to “look” at the dark coronal holes 3-4 days prior to forecasting,
which is as expected from physics. For the slow wind, the model seems to look at
active regions (as expected from the physics), but much closer to the day of forecast.
These trends bear an uncanny similarity to the influence of regions potentially being
the sources of fast and slow wind, as reported in literature. This suggests that
the proposed deep learning model is able to learn some of the salient associations
between coronal and solar wind structure without built-in physics knowledge. Such
an approach may help discover hitherto unknown relationships in heliophysics data
sets.

Untwisting magnetic field in an emerging flux region

Magnetic flux on the Sun emerge at various spatio-temporal scales. In fact, active
regions form due to the emergence of magnetic flux. Most of the active regions
(about 75%) have certain specific characteristics based on hemispheric helicity rules,
and on the solar hemisphere in which they are located. However, why the remaining
25% do not follow such pattern is not well understood. It has been speculated that
these 25% active regions are probably in their early phase of emergennce. C. R.
Sangeetha, and Durgesh Tripathi with collaborators performed a detailed study
of a small emerging bipolar regions. They used space based observations recorded
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Figure 22: Solar wind speed with 4 day history and 3 day delay. End date for each batch is
mentioned on X-axis. Blue colour is observation, and forecasted speed is shown in orange.

from the Helioseismic and Magnetic Imager (HMI) on board the Solar Dynamics
Observatory (SDO). To study the flows — both speed and direction — they employed
local correlation tracking technique. The results show that during the early phase of
the emergence the two magnetic polarities swirl in opposite directions.

In the top panel of Figure 23, the vertical vorticity for leading polarity (black)
and trailing polarity (blue) are shown. The plot shows that the leading polarity has
negative vorticity (according to the hemispheric rule), whereas the trailing polarity
does not. The bottom panel shows the evolution of the unsigned average of the
vertical vorticity. These results are indicative of an unwinding of the pre-emergence
twist in the magnetic field. They demonstrate the presence of pre-emergence twists
in an emerging magnetic field that is important in the context of the hemispheric
helicity rule warranting a detailed statistical study in this context. Moreover, the
results suggests the possibility of the generation of torsional waves in emerging flux
regions due to the untwisting magnetic field with implications for upward energy
transport to the corona.

Wave amplitude modulation in fan loops as observed by AIA/SDO

Aishawannya Sharma, Durgesh Tripathi, and collaborators perform a detailed
analysis to understand the nature and evolution dynamics of intensity disturbances
propagating along fan loops anchored in an isolated sunspot region (see Figure 24).
The study carried out using AIA on board SDO shows an increase and decrease in
the amplitude of propagating 3-min oscillations over time. Fouriér analysis indicates
significant power in oscillations within 2-3 minutes, along with many other smaller
peaks between 2-4 minutes. Wavelet analysis shows an increase and decrease of
3 min oscillating power simultaneous to the amplitude variations with time, with
a mean modulation period in the range of 20-30 minutes (see Figure 25). These
results present the viability of occurrence of phenomenon like ”Beat” in the solar
atmosphere giving rise to the amplitude modulations over time. The observations
provide valuable insights into understanding the behaviour and possible coupling of
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Figure 23: Top panel: Evolution of vertical vorticity (spatially signed averaged) for five
different sets of observations as labeled for magnetic regions (abs (Bros >) 10 G). The
black and red curves show the evolution of signed vorticity for positive and negative mag-
netic flux, respectively. Bottom panel: Evolution of unsigned averaged vertical vorticity.
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Figure 24: Left panel: ATA 171 Angstrom image showing the sunspot and the associated
active region. The fan loops are enclosed by the yellow box, which is the region studied.
Right panel: Zoomed-in image corresponding to the yellow box shown in the left panel.

slow-magnetoacoustic waves propagating along fan loops.

Formation and dynamics of trans-equatorial loops

The solar corona is full of loop structures evolving at various spatio-temporal scales.
Avyarthana Ghosh, and Durgesh Tripathi have studied the dynamical evolution
of trans-equatorial loops (TELs) using simultaneous imaging and spectroscopy. The
observations are recorded by the Atmospheric Imaging Assembly (AIA) and the Helio-
seismic Magnetic Imager (HMI) on board the Solar Dynamics Observatory (SDO), in
unison with spectroscopic observations taken from the Extreme-Ultraviolet Imaging
Spectrometer (EIS) on board Hinode. The imaging data from the ATA 193 Angstrom
channel show that TELs are formed between the pre-exiting AR 12230 and a newly
emerging AR 12234, evolving between 10 - 14 December 2014. The time-distance
plots for 12 December 2014, also obtained using AIA 193 Angstrom data, reveal
signatures of inflow and outflow towards an X-region (see Figure 26). This is ac-
companied by recurrent intensity enhancements in close proximity to the X-region
(P2), as derived from high-cadence AIA images. At the X-point, the spectral lines
that are formed at log T[K] = 6.20 are seen to have higher intensities, whereas the
spectral lines at higher temperatures show voids. The electron densities and temper-
atures in the X-region (and P2) are maintained steadily at log Ne = 8.5?8.7 cm”
and log T[K| = 6.20, respectively. These observations show the direct interaction of
loops and possibly magnetic reconnection within them.
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Figure 25: Wavelet analysis results for a detrended light curve obtained at a location on
a fan loop. Top: The detrended light curve. Bottom left: Wavelet spectrum. Bottom
right: Global wavelet power spectrum. The dashed lines indicate the maximum period
detectable from wavelet analysis due to cone-of-influence, whereas the dotted line indicates
99% confidence level curve. Periods P1 and P2 of the first two global power peaks are
printed at the top right.
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Figure 26: Panels (A)-(F) and (H): AIA ~193~Angstrom intensity images at differ-
ent instants which are roughly co-temporal with an EIS observation period (E2). ‘P2’
(highlighted by the yellow box) marks the location for recurrent brightenings. The white
vertical lines in panel (C) represent four EIS exposures, which cover at the location of this
brightening. Panel (G): Corresponding light curve in box ‘P2’. The dashed vertical black
lines represent the exact duration of E2. The black bold lines show the increase in intensity
in ‘P2’; which correspond to the EIS exposures shown with white lines in panel (C).
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Dynamics of sunspot shock waves in the chromosphere and transition
region

Using the observations recorded from IRIS, Durgesh Tripathi, and collaborators
perform a detailed study of the dynamics of shock waves observed in a sunspot um-
bra. The shocks are identified by the deformation of spectral line profiles of Mg II,
C II, and Si IV ions. The deformation is such that the C II 1335.71 Angstrom
and Si IV 1393.75 Angstrom show double-peaked profiles that change to a sin-
gle peak later on. However, in the beginning, a flat top profile is observed for
Mg IT h 2803.53 Angstrom, that changes into double peaks followed by the single
peak. By a detailed analysis, it was found that in Mg II, shock exhibited both accel-
eration and deceleration phases. However, only deceleration phase was observed in
C II 1335.71 Angstrom and Si IV 1393.75 Angstrom. Moreover, a positive (negative)
correlation was found between intensities contributed by the shocks in Mg II and
C II (Si IV), which suggested that the shocks may have first amplified in C II, and
declined later on in the height range corresponding to Si IV. These results indicate
that the dissipation of shocks occurs above the formation height of C II, hence, sug-
gesting an important roles of such shocks in the dynamics of the upper chromosphere
and transition region above sunspots.

A unified scenario for coronal heating in quiet Sun and coronal
holes and solar wind formation

When observed in coronal images, coronal holes (CHs) are darker than the quiet
Sun (QS). While the heating of the solar corona and the acceleration of the solar
wind are the two most challenging problems in solar physics, the height of solar wind
origin is not known. Durgesh Tripathi, and colleagues study the differences and
similarities in CHs and QS regions in Si~IV~1394~Angstrom line that forms in the
solar transition region. They have used the observations recorded by the Interface
Region Imaging Spectrograph (IRIS). For the first time, they have considered the
distribution of magnetic field measured by the Helioseismic and Magnetic Imager
(HMI) on board the Solar Dynamics Observatory (SDO). The observations show
that for regions with identical magnetic flux densities, Si~IV intensities obtained in
CHs are lower than those obtained in QS. Moreover, with the increasing flux densities,
the difference in intensities increases and QS line profiles are more redshifted than
those measured in CHs. It was further observed that, unlike in the QS, the blueshifts
measured in CHs showed an increase in magnetic flux density. Although, there is no
significant difference in the non-thermal velocities in QS and CHs, it does increase.
These results can be explained by a unified model for the heating of the corona in
the QS and in CHs and the formation of solar wind. Furthermore, the scenario given
by them provides avenues to explain the origin of switchbacks in the magnetic field
in the heliosphere, recently observed by the Parker Solar Probe.
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Transient formation of loops in the core of an active region

Durgesh Tripathi studies the formation of transient loops in the core of the ac-
tive region 11890, by using the observations recorded by AIA, HMI and IRIS. The
simultaneous observations of the transient in all the UV and EUV channels of ATA
and IRIS suggested the multi-thermal nature of the transient, that consisted of short
loops (at the base of the transient) and long loops. The multi-thermal nature was
further confirmed with a more detailed differential emission measure analysis, which
further showed the clumpy structure in the transient. It was found that the transient
at its base could achieve a temperature of log T" = 6.65 — 6.95. Similar temperature
was noted in the long loop too. These results allowed to the conclusion that magnetic
reconnection was the primary cause behind the transient. He further proposed that
the physics of the formation of these transients may be similar to those of typical
coronal jets, albeit in different topological configurations. Such multi-wavelength ob-
servations shed light on the formation of hot plasma in the solar corona and provide
further essential constraints on modelling the thermodynamics of such transients.

Instrumentation and Calibration

The Ultra-Violet Imaging Telescope (UVIT) onboard AstroSat

AstroSat is India’s first UV /X-ray astronomy satellite. The Ultra-Violet Imaging
Telescope (UVIT) onboard AstroSat carries two gratings in the FUV channel and a
single grating in the NUV channel. These gratings are useful for low resolution, slit-
less spectroscopy in the far and near UV bands of a variety of cosmic sources such as
hot stars, interacting binaries, active galactic nuclei, etc. Gulab C. Dewangan per-
formed the calibration of these gratings using observations of UV standards NGC40
and HZ4, and derived effective areas for different grating orders. The peak effective
areas are 18.7cm? at 2325 Angstrom for the —1 order of NUV-Grating, 4.5cm? at
1390 Angstrom for the —2 order of FUV-Gratingl, and 4.3cm? at 1500 Angstrom for
the —2 order of FUV-Grating2. The FWHM spectral resolution of the FUV gratings
is 14.6 Angstrom in the —2 order. The —1 order of NUV grating has an FWHM
resolution of 33 Angstrom. There is an excellent agreement in flux measurements
between the FUV/NUV gratings and all broadband filters. He has also generated
spectral responses of the UVIT gratings and broadband filters that can directly be
used in the spectral fitting packages such as XSPEC, Sherpa, and ISIS, thus allowing
spectral analysis of UVIT data either separately or jointly with X-ray data from
AstroSat or other missions.

SIMULATOR (Speckle Imager via Multi Layer Turbulence Object Reconstruc-
tion) is a lab-based instrument designed to mimic a large scale telescope upto 28
m in a small table of size 1 m x 0.5 m. The aim of this experiment is to obtain
short time exposed accurate speckle images through the multi-layer 3D atmospheric
model. The main purpose of this instrument is to test for alternative techniques
to Adaptive Optics, which has been used over the last 70 years, is a complex and
very expensive technique in terms of money and resources. Sorabh Chhabra, A.NN.
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Figure 27: Proposed free hand diagram of SIMULATOR

Figure 28: Turbulence phase screen location adjacent to three different layers of the
atmosphere.
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Figure 29: Complete diagram of SIMULATOR from object to camera plane

Ramaprakash, Abhay Kohok, Bhushan Joshi, and Chaitanya V. Rajarshi
found out in their simulation a potential method to replace this technique with a
much efficient and easy to do approach. (See Figures 27, 28, and 29).

Quantum Technologies

Precision and Quantum Measurement laboratory

The Precision and Quantum Measurement laboratory (https://pqmlab.iucaa.in/) at
IUCAA is establishing a state-of-the-art experiment based on trapped and laser
cooled single ytterbium-ion (171Yb+) confined in an electrodynamic trap. The
highly forbidden 4f146s251/2|F = 0,mF =0 > tod f136s22F7/2|F = 3,mF =0 >
octupole (E3) transition of 171Yb+ offers to build one of the most sensitive optical
atomic clocks at the 467 nm wavelength. The excited state of this E3-transition has
the highest known sensitivity to measure possible breaking of the fundamental sym-
metries and constancy of the dimensionless fundamental constants. Experimental
investigations on these allow to test hypothesis associated with open fundamental
questions like, the existence of dark matter and dark energy, matter and anti-matter
asymmetry, and many more, which are important to investigate for possible exten-
sion of the known standard model and step forward towards grand unification of the
four known fundamental forces through a single quantum theory. PQM-lab shall
conduct precision measurements for experimental verification of these open funda-
mental questions, pursue quantum metrology such as geodesy and accurate levelling
using optical clocks and develop sophisticated technologies based on quantum phe-
nomena such as chip ion-trap, highly accurate long-distance optical refencing and so
on. In order to develop the complex experiment, the main challenge is, the optical
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Figure 30: Technologies those are planned to be developped at the Precision and Quantum
Measurement laboratory (PQM-lab) shall fulfil its own science goals and shall support to
develop a wide variety of sophisticated technologies those are featured under the nationwide
quantum missions.

atomic clock and its associated technologies, which need to be built from scratch,
that involve complete indigenization of the peripheral technologies. PQM-lab plans
to work on three major inter-connecting areas (see Figure 30), which are: (i) estab-
lishing lab-based reference optical clock, (ii) establishing ultra-stable optical links to
network among distant optical clocks, and (iii) developing chip ion-trap, which in
future, can be used to build compact optical clocks and serves as the processor for
trapped-ion quantum computing. Even though the instrument is named clock, it
measures frequency of the E3-clock transition at 642 121 496 772 645.15 Hz, with an
unprecedented accuracy of few tens of mHz.

The ions are confined using oscillating electric fields in a Paul trap. Though
trapped, the ions are energetic, which is reduced by laser cooling to a sub-mK tem-
perature. This is 100,000 times lower than they are at room temperature. Upon
producing the cold sample confined in their respective traps, the clock transition
is probed using light from an ultra-stable and narrow line-width laser, and occur-
rence of the excitation is ensured by detection of the florescence produced in this
process. Production of the ultra-stable and narrow line-width laser is another state-
of-the-art technology, which uses an ultra-stable reference optical resonator, namely a
Fabry-Prot (FP) cavity. Essentially, the stability of this external optical resonator is
imprinted on the laser and only a certain optical frequency sustains while oscillating
round-trip inside the FP-cavity.

Normal optical fiber communication does work for this, but it involves complex
technology to stabilize the length of a long optical fiber to an atomic length scale.
This is called phase stabilization of the optical fiber for dissemination of the reference
optical photons without losing its phase information and introducing noise to it.

End cap Ion-trap

An ion-trap with end-cap geometry will be employed in our experiment to confine
a single ion in a nearly pure quadrupole potential created by it. For this purpose,
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Figure 31: Designs of the (a) ultra-high vacuum housing of the ion trap, (b) end-cap
type precision ion trap that to be used to trap single ytterbium-ion to build optical clock,
and (c) graphical representation of the single ion confined in an oscillating quadrupole
potential and the ion is interacting with multiple lasers for photo-ionization, laser cooling
and excitation of the clock transition.
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Figure 32: (a) Optimized design of the ultra-stable Fabry-Prot cavity, and (b) the graphical
user interface of the developed software that simulates relevant optical parameters those
signify quality of a FP-cavity corresponding to a users specified geometry.

elaborate simulations have been performed to identify the most suitable geometric
parameter, material selections and thereby minimum systematics induced by the trap
itself. Precision machining of the ion-trap and custom design of its ultra-high vacuum
(UHV) container, as shown in Figure 31(a,b) are required to meet the critical design
parameters. This work is being carried out in collaboration with the team led by
Sadiq Rangawala at RRI, Bengaluru to meet the requisites from both our research
groups and possibly to a wider community:.

Ultra-stable Fabry-Prot (FP) cavity

The above end-cap trap contains a pair of AC carrying electrodes, and each of them
is surrounded by DC carrying electrodes made of molybdenum, which are facing
towards each other. The ion will be trapped at the centre of the free space available
between two AC electrodes. The primary design suggests 0.8 mm diameter rod for
the AC electrodes with 1 mm mutual separation between the two opposite ones.
The coaxial DC electrode tubes are having 1.4 mm inner and 2 mm outer diameters.
For firm mounting of these electrodes inside of an UHV, we have designed a set
of holders made of OFHC copper separated by fused silica insulating spacer. The
selection of metals depends on good electrical and thermal conductivities, which will
lead to desired electric field generation and heat dissipation, respectively. We choose
an insulating material having low dielectric loss tangent to reduce the absorption
and RF heating of the entire trap assembly, which results in a lower black body
radiation shift of the clock transition. Additional to this, a pair of compensation
electrodes integrated in the assembly make it more compact and user friendly to
mount, which will help us to compensate for the stray electric fields at the centre
of the trap. These electrodes are placed at a distance of ~ 5 mm from the RF null
that is considered as the centre of the trap. The trap is designed to be assembled
on a custom feedthrough with high purity 4 mm diameter copper pins. The whole
assembly, that is, the feed through mounted ion trap system will be assembled inside
of a commercially available high quality octagonal shaped vacuum chamber having
150 mm outer diameter, through a reducer to match the RF null to the centre of

82




337
T ufdes

2020-21

Figure 33: Schematic of the fiber phase stabilization system connecting the optical clocks
between two distant locations. AOMI1 and AOM?2 - acousto-optic modulators, FM1 and
FM2 - Faraday mirrors, ADC Analog to digital converter, FPGA Field-programmable
gate array, DAC Digital to analog converter, RF synth. Radio-frequency synthesizer.

the chamber. The windows on the octagonal UHV chamber will be closed by anti-

reflection coated vacuum compatible sapphire windows except for the one which will
be used to connect with the pumping station to reach ~10-12 mbar inside pressure.
A re-entrant view port will be mounted from the bottom of the chamber with a
separation of about 20 mm from the RF null, and this view port will be used for
high-resolution imaging the single ion. For visualization, an illustration of the single
trapped and laser cooled ion is shown in Figure 31(c).

FP-cavity is an essential requirement of the optical clock experiment to produce
ultra-stable narrow line width clock laser by transferring stability of the external
optical resonator using the Pound-Drever-Hall (PDH) method to the laser. The goal
is to achieve a clock laser frequency stability approximately 10-17 at 1 s and laser
line width on the order of a few hundred mHz.

Subhadeep De, and collaborators have theoretically worked out thermal, gravita-
tional, pressure, vibrational, thermo-mechanical instabilities with different combina-
tions of potential materials for the mirror, spacer, and support that affect the system,
as shown in Figure 32(a). They have performed finite element analysis to simulate
the thermo-mechanical and gravitational instabilities and currently trying to opti-
mise the parameters to obtain the best design to meet the set goals. Thus, they
have developed a software that simulates optical parameters like, mode filtration,
mode spacing, mode structure, Brownian noise, etc. of the FP-cavities of different
configurations as per the users choice of geometries. This programme will let the
users to enter the parameters like length, diameter, radius of curvature of the mir-
rors, materials properties, etc. into a user-friendly graphical user interface (GUI), as
shown in Figure 32(b), which is very useful to select the most optimized choice of a
cavity. This work is being pursued in collaboration with the mechanical engineering
research group at IIT Goa led by Sandip Haldar.
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Phase stabilized optical fiber

Optical clocks are being continuously refined for fractional frequency instabilities of
few parts in 1018 and lower. The ultra-high accurate comparison of optical clocks
separated over long distances uses two way optical fiber time transfer (TWOFTT)
technique using phase stabilized optical fibers at the communication wavelength. In
the standard optical communication, the fibers suffer from random changes in their
length, primarily due to temperature fluctuations, stress and vibration. Such length
fluctuations prohibit the photons from being transmitted at a constant phase over
the fiber and accumulates phase noise while transmission. This induced phase noise
results infrequency broadening of the transmitted light, and hence, cannot be used
for precision frequency comparison. Thus, the optical clock comparison requires
real-time measurement and cancellation of the random fiber length fluctuations and
stabilizing the phase of slight transmitted through it. In order to compare two distant
optical clocks, the light from an optical clock at the local site (say located at [UCAA)
is transmitted over an optical fiber to a remotely located second optical clock (say at
IISER Pune). As shown in Figure 33, acousto-optic modulators AOM1 and AOM?2
are used to shift the optical frequency by a desired amount. Using Faraday mirror
FM2, a portion of the light is reflected to the local site over the same optical fiber
via two way communication method. Phases of this light is compared with the light
reflected from FMI1 at the local site. Any frequency changes in the returning light
are representative of the length fluctuations along the optical link. These frequency
changes are then corrected in real-time using an opto-electronic feedback loop and
a feedback signal is given to the AOMI1. The best phase stabilized fiber-optic link
exhibits fractional frequency instabilities of 1x10-19, which is an order of magnitude
lower than the instability of the clock signal it carries. Therefore, such phase sta-
bilized optical links are able to transmit clock signals over long distances with high
fidelity. Sankalpa Banerjee, Soumyaranjan Jhankar, Stanley Johnson, Ashif
Reza, Sankar Majhi, and Subhadeep De are in the process of developing the req-
uisite technique and the knowledge will be used to build such a fiber phase stabilized
link, to serve as a prototype for future optical links for accurate dissemination of
optical clock signals in the pan-India.
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(f) TMf8aT, situenRe arafen vd e (3 ers)
e wgrart

TEIRIE/ CZTI, $HSR CalTech, YUY, SRR f&iep 17 3RS 2020.
UIoRISSS 8T8 Uil 39 T VRl fthioTanes AT, JTRIRSNE, gD, AT fSHid 25 3R 2020.

Hex Te taRe SfRIE- =g RIAR 899 a1 dhgd £ 2, Wle i vd srerifsdht W aRaarets S, ansare, SR
e faeafdensy, Rifeset, i faie 16 Rider 2020.

< HAfee hlegst 1fth =g T, IMIeT, TR fiHid 05 TEaR 2020.

TN YIARISSS 8T8 U-oil 39 fIel Wekie CZT $HOR, 9 Sholl GMSHITIdhT IR YRI-H Hrfemst mnfrd feis
16 e~ 2020.

- fAfesidhs TeriR: T2 ¢ HIHeM, 43 § COSPAR JETTi+ad 3Riredh, Ris, aiive fosar, smaford famias 29 Siest
2021. (3f1E)

YRR, YETUITeHED WIS H fder wqes, ATSATE!, SQR, SN i 09 HRart 202 1. (3Miere)
TEERIC - & Thee WhISeE 33, STEaTTEe) TaTeret, sTnfiord faies 16 #1ef 2021, (3fFaTeH)

QARFY Fesff

ST =geiT ¥erd fag #faderms da, Fresm-3fear Gw@ gm, 3Tga@T, daar RIS, 8 7, 2020

T 77T ST e T T Uh- 11 M9 37 =g T, 3TgaT, TR f&Hie 30 J&T8 2020.

I R ¥ MBI ¢ g o+ Hex b, dirdae Ferf Ud QCD, ICTS, $71g% , I f&Hie 19 3R
2020.

TR 31T HTeoT 31T TaRAg T Hew, 3MSamsc!, WeyR, Jmford faia 15 Rider 2020.

S TR ARSI 3T Hsot fTth 37 TSR Hex, ~Ffrwar frart g1 anits ARt arfh ged, @ik sfomgs
fGeafensa, rafAr dvie, 9 srageR 2020.

TR, AT g fer e 3gant 31k TAAIaIRU-CIeMEUharR, ot 5 Sast 202 1
HIees dooT 3T U a5 ¢ UIe TaRe i fihforaa, anmg.emg &, MiehFR |, smafora fadias 14 Al 2021.
Tt TS

oae SAGAN- 9 U8 MR 31 STie Mfear dea=itst e waiuce ~gfasans, WeMitas sfRege 3ifh § Jd
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SITUE ) HSRIIST Ts 3R UTISIST, JTeoTdeigy € URY, T, AT fdie 25 Fder 2020.
SRCIEEC

TCITe Tl U8 Q3R Ufteschera, Sft U, 21y, iy, Tifid fAias 18 7 2020.

NS theMes A~ 1T JMftedhe TeIftid doid, JRHI, AN 3Hid 02 JHTE 2020.

VGIRT HoRHE AT <IH Bk RishIHTSiom § fecaed, GW@ Home, EPO, BTZT-3f31, 3R, AT f&id 20 JB18
2020.

3MMfeeDhes TCIth Tl Us PicH fHgiasil, JRIAT PicH-FaR & A1 HicH AT T g & 3ierid sngfa
TATE Ud fIenmT, STRSTRANTS ShT55%, ST faids 17— 18 3R 2020.

TSI THidh: Ge U 1 T MR § Tt 311t § gfFaw, RIariiRRT Sexeme ¥ha, 4o, JMmaford i 18 Rider 2020.

Mfeeedhes VeI FHID ¢ MIe TheHees g, TUANS 6l 39 df §3, M i 1823 HRast 2021.

RIS ¢ 3 TRl Fosir R YaRe SgHhIMT Us themvee g, NI s feaw, sy, smnfoe i 28
TRERT 2021.

ST = AT

X-ray/UV 359 %A VUaed dafaced =gfasers, Teamis KR 37 fhiviess W iawRmgiy s, STor feafiens,
TG, AR TR 27-3 1 BT 2020. (JAA1E)

Yfaea Nfaces IfFserns, Mo Hifid IR sEith ® aRous d@e, e, Hifdd fvm, Sw §e
faeafdeney, M fiGAie 16 RideR 2020 ; 3R We Hiftdht & foy uraar 3Re g, § H9Fe Rad 3Rege fh
IRCTHT U SfienfhfoTa=T (NRIAG), 3R, SRR fH7d 16 3ragar | 23 3fagar 2020.

TEERIC B8 Few /39, 2020 STHIAS WIfthidhes HAICI HIR &8 THoll dhicss 2™ (IACHEC) MIT, SHfeseT,
JUHY, AT AT 23-24 FGeR 2020.

Afec-Jqo-er gD e WeRle R HZd 334 311k UVIT HIfT, omE.emE.u., dge, smafid e 2 iR
2020.(331EH)

Afee-Jqo-2r ¥t B AGNSs I TRgic Wgic Hhigd S99 do6d, SR, S7Tg0, AT faHid 19-21 SiHaRt 2021.

(I) Afec-daob=or 3MTesTdeM T PHIUde 3feviae I WeRie, 3R (i) UV/X-ray @199 7 AGN, 43 df COSPAR
Argfefthe ariveast, Riet, sTRecfosan, AT faies 28 SiHeRt-4 HhRast 2021.

M arhle fo 31 Brae Mfeside fder UVIT TagaIdl, egarsae T SRTHHT: UVIT U8 faivs (WS2) IR
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20 H% 2020.
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19-20 fedaR 2020
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SCIST ¢ o AT 37 TSeg<s SIS, Tl faeiH SR Tlies Hifcredl 7 aReiees Fisaedo N IR 3R geaaf
UTGRIGHH, STRYI, 3TN i 12 S 2020.

T foee fder SeRhRivh, Sex9mios TAIRITS 3ffth fhforar Tgeare, g, Smaford faia 11 srageR 2020.
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31 SHa™l 2021,
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SIS AT ioiare 39 SegHT, e fasamT, f&aig shioht, STiSid f&ias, 24 &1 2020.
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qTS¥erd U RpRae g I, Teihfeed Ju F2F, S8 -l —hIRT Aealfiial $6@, BRAN, 15 Rider 2020

NUSTH 3N 3N ThTS 3MTes fhepiT, T I F2F, BT —BHRRT AR s, fieadt, 16 A 2021,

AT IR

oi=1 #fdeme S, uRaares faesH Fgs, iR e e iR e wifyd § gaegaf ureawmy, e,
28 93 2020.

HIC TS B SNe, ILMT BrfenesT, A+idTes, 20 S 2020.

U 31T Bv¥s droe Ug dRUged, TIH S8 BIvAGN ! g ISI=T BRI BRIST, Bad! IPMU, Sl faeafdeme,
25 SHast 2021.
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TR T TrRTIRAes fOhRTaRT Us dhreHTsStt, dleddt IPMU, Sl faeafdeneyr, 27 R 2020.
AT, IS¢, TGS, 7 3TageR 2020.

T goiTfes
MUSEQUBES US MEGAFLOW : MUSE id 3119 § o fded Hifead, amget, SHast 2021,

SIa Y. AR

AR U8 SIS, [T, oI5, 21 FGaR 2020.
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e hiegst SHITH T fHiedh! 9, S aslT TSR dod, Seuaal diod, JRis, aRFTS; iR =T Bio,
AIgYST, 9 AT 2020.

AIRE SR AT § W a=Tlesot!, ISTRIRY ¥ 31T off+RIRT U Calosatl, HTeaTs, 12 3R 2020.
HIET g TR, NTestd e TegH! UR fdeR ¥qhe, ST WHHCRIH, SFIHT, 4 Taxt 2021,

WALOP/PASIPHAE, $8I-%d CEFIPRA TGS 93, IIA, 159, 25 Ardf 2021.

B ATET
TEGIRIT GRT R -l Teh1eT & Teh S <Y ST ht @i, & et wRIg oM, 14 RideR 2020.

oI fecacd a z=1.42 ISa<dt 3T B Bfccgam hick4, M, AT i 17 RidaR 2020 ; WeRIE
ThISd SI% e HIfET, SR1, $155%, 28 RAdeR 2020 ; 3R H15d S99 3MTth Wi HIfST, 381, gD, 12 HRast 2021.

TEgiC fecae 3ifth Taagi-gdt BIsc hiF U fevere ioad!, difcrdt faum, =g+ aiaw, eigysH, 26 RideR 2020;
wftfereht frmT, arerdt faeafdeney, Jarrel, 17 3fagaR 2020 ; iR WNHRIGT & IR d 96, ML, AR, 10

4R 2020.

TEEIRIC ST 31Tt a z=1.42 Ha=t SATET taRgii— - UV BIc, Hifcedht e, smSamEvasd, g9, 9 JfageaR 2020,

g fepa’t 31t U 3R 31d T3t Ror g $fea7 T ammestdedl- Wgkic, ICFAI faeafdensa, Byxr, smafid feais 14
IR 2020.

UV TTIEIST 31Tt FeR-hRIET T3a=iisT, lecTagae BRI, Agrear el faeafdensa, digad, mnford e 7 sk
2020.

Hobad! Taeger: RIRIeh e, SMTeTd o US ST 3fosRisT, ATS21 AThiahT— 33T STEabexa ATe=d HRISST, MaIford fiHid
12 ey 202 1

WeRIe fECaeM it BT dfrergem™ Wic=d HiF U d3a=l, TIFR, G, 8 fGeR 2020; 3iR ASI &t 39 df dow,
RN femTep 23 BRart 2021.

BIIATSSE 37 A5 oY, 90—l S ST HdbdriIoT , Jfestdcigy < URY, MRRIT i 24 Hast 202 1

TeRIe feeder 3t U favde Saft &7 tasidiy- UV @ige, Reie srecemad 3 WeeIfthRieT Ue drsaTossit R i
TS, IR 96 fAeafernsy, Rifedt, smanford f&Aie 24 aref 2021,
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GICAI e 3N AN f — AT 7 T ISR hRSIRCT, SUIT AT 93, 3TYHI, 11— 13 ST 2021,
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(ii) T Us AR Riveed, Smaford faHie 2 1hRast 2021 ; ASI &t 39 df dob

Heh-PHfee BIHIA 31T FRUC-BI3D HACH headd DI, NSES 37 Ieoide=d Ug HIST 3Mh AR
Hfes vg IRfIfS R Tie, STEE, d71g%, SMAfid f&Hid 01-04 #1d 2021.

BT 0T

dof~rd: g MR 31Tt F1fores Hafesm, Tef $¥e Hie 3ifth sRgiTRe, SRS, TaTerct, SN f&Hie 10— 13 TdaR
2020

Tl fY. foresararem

hiees ScIhRMIEH B Hfdders dq fscaem, uRaarets disae IR, 71 @iie e iR e wifid § greaaf
UIGRIhH, ST, 12 S 2020.

et Prardt

HUfST US STSAMGRT 31Tt Jeot 37 AR YSHRWR, SPPRC, Hiferdhl favm, dhies faeafensy, g, smnfid e 8 g
2020.

g e - Uo 1 fH9M o Sfeam ¥ Regd amfATseie, SPPRC, Hiftdl fasmr, dhies feafensa, gk, smnfoa
&7 3 JATE 2020 ; 3IR TIe faeT fvmT =g vfase! wee faeafdenay, Uy, 12 wRast 2021.

STtaf Sthiacas 3ih AR T, NASA - SETI HicR fSaauare 34, SETI SRS, AISc &, dBfoswhif+ar, 3R T
T e Wer, dhfoswhiffar. ST AT 14 3FRa 2020.

TR ISIIAINT 31T Hi-C ST, TRITT HioR fhioTaT e, JsTors Aex B Ao Thiad, F1d, ST fiHis
24 RIdeR 2020.

RIS HRC. AR MeTTde! 37 T § 3MfST-Tss 1 e, smiRae SHanfthfiees, Jusay emenfora fiAies 1-7 fodaR
2020.
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IR WA= U Toix: dic = Mfecd-Te 1 {9 & ¢ 3, |, 2 ¥ 3nfeca e so, dige, Jmaiford feAie 17 e
2020.

(1) TT-TFAZIC FTeIo 42T § AR IlecTargarfose SHSIIT ol —eh I 31 1S 3T -Te 1,31 (ii) 2fesanfohforey ufessd
AMTexd 3 s, 43} dsnfie aRiTst, Ryst, s fosam, Smaford fiHie 28 SiHeast— 04 BRast 2021.

STETATIT § A, STMESTIIS SREHH! H fiex Tges, IRTBMITR RIS STeSTde, SIIAT ; Td ST THHCINIH, MR
f&ieh 01— 12 et 2021.

(i) TIFTHTES RMRLT BR g RIS 31t § HRFT 7 PIST I, PRIFS 8lcd US HiNeH 311h Ao {38, 3iR, (i) P18 o+
DRI RIS I TS SR I1Edhes ARITSC! 31Tt Sfear 6t 39 dif dod, AT e 18-23 HRaxt 2021.

nfec-gIEe JMMesder=T 31Tt 99 37 § Alex VSRR JfORT SUIT 319 1S ofew- Ta 1, Afec—Uale U Afec—3restden
AT faer JMfeeI U5 1 RAS| HRIST, STGe, ST i 19 heast 2021

e 1 e, et f4eT = fSa™T, VIT, HiuTes, SIRifoTd i 28 et 202 1

g AR IlecTargaifoe AR CHRDIT 3119 a1 M- TG 1, TS@ET 37 Mol e Us HIsforT 31t Hiex Hafesd v
aRarfafeset, amgansy, dew, Smfid famie 01-04 7l 2021,

(9) A= ST (ITTTBTS)
Sracig grEt

IURHRT 3 Ble U8 Ra3fefafees siew (2 @), uRaarend fisaamre R, 3R wie st 3iik @iie wifad o
GAeEf UTGRIshH, 3MYehT, MATeTd fadidh 10, 11 5[ 2020.

iR yErarf

PRI HUGH 37 SREH! (4 AR ), Sifiehos UTGashH, 3MIaT, SRR e enils a8 2020.

feufea U (4 earea™), aReares sadeE iR, der EMse™ iR wesifad! gaegaf areuma, Mo
i@ 11,12,13,14 98 2020.

FCHR AR (3 AR ), Hirdae FeRf U8 QCD 2020 W &6, ICTS, o, MR 1w 1719 3FRG 2020.

feufea gt 39 WIfthiaT (2 @rea), et sRgiFH! fder ¥, e, 3R NCRA — TIFR, Yot 3maIfia i
31 fSH8R 2020~ 01 SHA™ 2021.

T TSRS DI 31 TR WA (20 Iphiss AR Ud 10 BI3d diecdae 3iad ) el 8g @s e &g,
3MYET, 1 HRERI- 5 31 2021.
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GeidT I

SR Rfefadt (3 aaream), uReareres disaarsi= fIfeR, vd @me fase ok @mie siifid § gregaf ureasy, e,
18,19 98 2020.

QIRfS TSt

Hirdae I Slfeaides (2 @R ), URaaTHd Fsaarsia RIfR, vd @ies s iR @ wifrdt & gaeaaf
TG, MG, 2,3, S 2020.

SRR

TCIfid THaT Us heMes hiviad (2 M), aRade s fsades fRIfdR, td @e fasm iR WMo Yifad §
g9 UTGIsh, 3T, SRR e 04-05 ST 2020

Jrfa=eT Qeraie

Afer ererHt IRFeT, U8 SWAN/Radio IR (2 IR, ) uReicas fisAdide iR, w@ @ie I ok wme
wftfereht & grreTaf ey, 3mget, smafTd fiHi® 5,8, S 2020.

T Y. TR

TaRT— IR Us Vfaed 1afded ~gfaaneng (2 @rear ) uRadrcte fsaareie ffiR, 6 @ e 3iiR Wil i
4 g9t UTeIehH, TGS, RN &7 1,3, S 2020

TRt 7T

fS R TRe U8 Aave SFRIM THRDIT (3 R ), yReaend fisares fIfeR, vd @ms s 8k @ he
wftfereht & grreTaf ey, amget, smafid féHi® 1,3,5,572020.

IS T[HT

IS Us TagRpIdl (2 e ), aReaTee Msqameie TR, va @ et ofk @iies itferdhr & gregaf urcassm,
3T, AT faTiep 14,15, H3 2020.

SCISFM ¢ TFCRBIUT U8 S (2 QI ), Voxels' (IFAS6) H FIFERPIT —go R TR B3l $81-hd IRGHH!
G, &I, B, 9- 17 JaTs 2020.

T . Fevdt

forT S2T U8 mefH ST+ HIRie oReved 37 eRgHY (3 e ™),  uReuend HisAdSH fRIfdR, wa @ e oiik
G HifrehT o greeaf areIed, JMgeT, ST f&Hies 9,10, 11 55 2020.
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SSICREE ]

SN e~ B B Bled (2 AR ), IREITHS FSHahTeH IR, wa wiies e siik @me sifiad & gaeaaf
UTGRISHH, 3T, SR &1 1,2, 5[ 2020.

wfora

Hfaders 99 U B3 (3 ARea ), uReareHa disqare iR, 1 @iies faet 3iR @iies wiftdht & greeaf ey,
YT, MM f&Hm 21,22 7 31k 4 57 2020.

QTS gRErsit

e ArsferT Relfthfiidhs Tae (2 @ra™), aReaes fsqaeiF IR, w@ we s iR @ie ifad 4
Q99! TGk, 3MgeT, ST e 29 7 2020.

SECR N
soiede ¢ HfIeamss SR/ dies SR (2 @), uReurena fisAaTs= fRIfdR, wd @es et ofk @me difad §

gAYl UG, 3Mgeh, TR e 27,29 7 2020.

IR wRiSY

ProrTeS (4 REIH), uRaaTed dasiq IR, @ @mie e iR @me wdiftdh § gHegaf ureaeH, smgar,
IR feTh20,21,22 73 2020.

SRS Hieh hea et (3 R 3iR TRITRIE 31IRT), ASI B 39 df S, 19 BRast 2021.

T. Q1. TASh19T

RGeS SCHCIM U8 el Hier Sfokaplu (2 Rg™), aRadTcred PSP IR, T Tl faer ik &l
fereh! o grreet aTeIend, JMgeT, TR f&Hie 8,9 S 2020.

AHE YRR

(1) SEISFIE ¢ R U8 TEIfthSIasT (4 @Re), 11,12,13,14,98 2020; 3iR (i) T3 voved (2 are™)
2,4, S 2020, g MA@ IR, Td T s oik Wi it § gaeeaf reasm, sy,

hP ATel

PGS HISH 37 IRGHH!: fSwhic iicas SR U SEyac Suion Hee (6 SR, JIRHI, AR fSHid
20-27 318 Ud 30 37w 2020.

e U Hafacs SR (3 arem), uRears disTae IR, td @ ie e 8iik @ sifad § grsaaf
YTCRIhH, YT, IR feieh 26,27,28,93 2020.
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WS TSI U8 W HIHehe HoRH+C (12 ST ), THA! 3T, & f9gR Ua 941 faeafdened, T-Jars 2020
ST ¢ It TFDIUT (12 SR, Voxels' (IFAS6) H TaEDIUT —ooRi IR B3l Se1-%d SRTHH! e, o,

B, 9— 17 318 2020.
TSI (24 IR, TIURAT T, e Sfaa™d dicsel, §a, Rider—=dsR 2020.
BT AT

gl Hex U eI Tel (2 rea ), uRerends disaaied ffdR, vd @es fasi iR @iies wiftdht § greeaf ey,
3G, T f&=Teh 8,9 ST 2020.

gar <. A

Vfdeq TBaxisT (2 emream), uRaaTes MsadTeH 1R, Td @ie e ik Tie wifihl § greaat ureusd, 3mgeT,
AT & 10-11 S 2020.

() Tfec—TRISR R (3 RAM), MR & 27-30 AR, 2021 ; (i) FSaxdlsT: 3 3NeRey (2 R ),
M fedid 4-6 9rf,2021; 3R (iii) Vaca S (3 IR, MR i 16-20 AR, 2021, Pl
TTIDI b o5y Tiles faeT @ik @ies Hifrdht 5 uRaarce ureashy, Sue!, STRaT.

feria &. Rig

Feggd U oM fhivia (3 aarear, ) uRaareis disraisiq IR, td @ils e @ik @le ifrdt § greaaf
UTGRIShH, 3T, SR i 19,20,21 78 2020.

AT SfieTTg

TR FgTOR TS ISM (3 e ), aRererds Misaares IR, vd @ie e aiik @iies ifrdt & gHegaf urewss,
YT, AN feieh 13,15 73 2020.

P IHOIH

FeaaR BN 9 g g (3 re™), uRearcs e IR, td @ls e iR @me wifadht § gHegaf
UTGRIShH, TSI, AN 7 26,27,28 7 2020.

giter Fardt

Ao ST (2 ™), TRaaTs MsaasE RIfdr, w& @me fasm iR @ile wifdht & gaegaf aeamy, smger,
MG &7, 18 78 2020.
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(h) A /ArdIfP AR (THSTS)
iR veTaRt
SHaG AT T AT BDifordh TraCAINT, HiTehT, MR Sie, Gz, AT i 18 fSaR 2020.

IRCTHT ThiF TN — ¢ ST FeRt, faeTe I, R iRy fIsT 99RIg, NIPGR, 3 g, smaforg i 21
fedeR 2020.

HiF o §7 ¢ P -TaTea T § e BT T, Higd 399 31ith RERIC R SRR T, SR, SG0, 3Maford
f&HT 20 SHeRt 2021,

RiepIgH Xfeuer $7 € gfiadd, et st et erianer, a1eh, Gurs, SRR fric 25 hRaRt 2021,
4 ¢ 3STees: Mo & Wee sobep Bl 371 & bl A, WTET st e, 31y, ST f&ie 28 thradt 2021.
SqRfa gesit

Thif (TSN ¢ Yo Terd: W Ffasar Hex, IR SREHH! aod, JMLEd! TGN, 9918, Mg e 13
RycisR 2020.

TR IMUCAC! R ST TS TZITSC 3 HN-AS TIotae: SIS -1, 8o A1~ Hex, §ag, mford e 3 A
2021.

Ui qTHTS
S ¢ e Rer it g gfvad, oidRer: Re! ad, VIT Yot, ST f&Hie 6 S 2020.
Hoita Y. gReR

T BENId 3Tgd faed, (FRIST) T SRMIHhes AIATSe!, SRR fadid 22 FdaR 2020.
faraRToT et

e det: T =g fdel ¢ g gfad, faem it aiost offth oned Us |, dREGe!, MR fiHid 27 78 2020.
CERIER)

STBIHST T SHUTRISS: fecaer aifth Hfacers dedt, idRe, srRgH) ae, dtemdet, gur, mafora f&Aia 1 3R 2020.
Rt TET
TR fhBIHIER 3R (SH3T): B NSl CoHRadid, IF I fSaw, g1, SAford i 29 TRat 2021
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ot fasm

& 9 WS ¢ JATeotfaT sovch Bles RIFeH, IAR, Tieft R, MAfoTe fiHias sragar 2020.
RINGREEI
Ruext 57 TRI-<TH, B13d U8 a3 U U 3, IR dheesl, ST fSHidh 2 1 8RR 2020.

e 99 R g g R Us TRIR IRUGCH, SATHILRFT 3RS dids, STSAMETASNR got, Smford famias 3 aref
2021,

ST AR

fartes g aref, Huw gexromos w6, goT, 11 TS 2020.

ARG  STeh ATSS M1 & Ffad e HfAe e ST, Bieate, goT, ST i 26 @18 2020.
31 Hex s, UIe fewaher, 3MgaT, 3 1 3TargeR 2020.

CRIEENER

g Hex 8, e fehem, STRIaT, 31 3T 2020.

gaT . A

T TR AT 3T Tsghe TS SIsee fedoune, ItR-gdf TRd: ByRT & 39y deyf & are ifda Sl ey amm,
AT Td Jeta S A9 iR ICFAI faeafdernesa, fger, s f&Aie 30 S 2020.

AT fthes TR TS HINTSC!, PIBRISTR TA-HC Dlohol U ITH DiohoT SIS NI THIRTTI, IR i 7 3R 2020.
31T  grdfe=T 3ffth AT fosevar, sNRumeer mmd, 3RS fvm, deigR feafderness, mafiid &A1 3 FdeR 2020.

f5eRe Togh e U § A5t Mith gfRege fafeeT, e frem it o= wrfermat, smgenset ary, gag, smanfora e 10
q9ER 2020.

fera &. Rig

Pfew Hlegs 37 JfHad: TSaie g fosaRieio- - ave gred o1 Rad Us BiReR T, ave gred o fhivias,
ERap Sich e, wftferdht v, 7 &Y. dicseT, STSTog=T, ST i 21 FdeR 2020.
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(1) s /St prfmpa
QIRFS Tesit

A ¢ A, %a IHERYT “Paris-Normandie” §RT SAT&TcdR fosaT 1T, Wisdre, (ha H) SMAIfd femie 7 Ride
2020.

fSIfT ¢ g PRI, STRRTEIT GW STl & sTerca(4), LI-EPO Podcast &1 &i=dl, AT f=ies 3 1 f3Rier 2020,

https://www.ligo-india.in/podcasts/

CEEIGIREIN
Tt el AeTcanR, fafde vt oY, JmafTa f&Aie 24 A1d 2020,

SId Y. AR

T3t aGERT (A1 31ef), HERTY YATeRvT  ATTeRvi 956 fI9RT §RT @majhivasundhara W@ @MitiGroup HRIgd IR AT
PRIHY, RN fh, 4 BRax 2021.
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dsfA da& U 3T BRIBH

g MisaaTeis frfaR q2r @me fasm
3R @e Yifcrd § greadt Jreasd

MMIEHT GRT 11 7 2020 F 12 A 2020 & SR, GReAHS FsAaw1A RIfeR v Tl e der wiles sifadt & greaat
UG H 3RNH R W geg AR, RN WU @ fid R dom dued 9 areml & gEer
https://tinyurl.com/issa2020-playlist TR 3BT <& ST Ahell B

(foregat faremut o fosu @ies 3feh 123, @18 2020 T 1)

ser-Hha T fagm farfaR

soI-thd WMo fase fAIfeR @1 smaoe HemRusy,

TSI, T JATeHT T TR H 9— 17 J&Tg 2020
& IR

quf BU 3 ST gl i o5 mar| iR & frere:
fohfosa e (HIRIRTSMTS, i) Td oeich Mgl
(3mgaT)

IFAS-7 &1 JISFT YINcHS ®U A 29 Jo8-26
R 2021 & SRIF MIeT H §TS TS|

(forga faaont & fosu @ 3d 124, 3TagaR 2020
<)

124
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TP e Ue axTh SSBRIAS BT URad
DS T NATH SCIHRIHC Pl URTT ATHD A

UTGaIehd T 3o, frerepl & U e o= &g &
fareror

IR g, SMRIHT GRT T8 2020 A RAdeR 2020 &
oA d fpar Tl 39 UeThd § S gReSI (A
fFiceren,

I freafdeney, sfewem) 3 ufdes & ou & AT
DHRIVR

HHTST o1 9 UTCIHH Pl AT HehTel SFOIRIHI
(3mgenn) gRT e |

(e fa=ont & fosq &l 3 124, 3fageR 2020
<)

TRiINTd TAT9AT e IR g™

IR Us NI PIf-Fode S DRI 9 39 I=0dc ARISS!

125
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AMYHT F 32 T ST o IR R HGAR, 29 fEHIR 2020 B WIhaR e TSTHR, TR AT T #1559 (AR

IR SPIBISTHS ATGHT ) B ST I P TEeT TIhwR GRT IR T T 7| aciH H e Y&t HgMRN! & BRI, 37 R

I UITT: Teh SIS G I b A1 IR T 7T o, AT Jeofdl R STHT 370 Gefepi b AT—1ef S WR i Uep <t

HATGTHD Gfch g T 37U 31 Y& 3MMepfa fmar|
(foreget fareamoTt o fosu @ies @ik 125, SHaRt 2020 S )

fateral & fou @Me s e
feraror s1ferT &g va i wTeH g
fiaaee e s w5

aRed faareH et Eile (I Fhe (RAWS -
2020) @ IWH YD TG TARIRIRY-
SIRMSTHITR GRT HYh WU ¥ 28, fedar 2020- 9,
ST 2020 & SR 3MTe Ui 3 fopam = 2|
IR IS g H 3Ty ek, AfAAeT qemie,
¢aT of. Afpar, SR R v varer g (7t

Mg W) TG KA PG SR GAR Fg (I

TAHISTRY - EI3TMSUHATR ) aMfires o |

(et faraont & fosu Tiies ik 125, STHeRt 2020
1)

fareror gq arf¥es gae=af RiwH: ARPIT-2020

IRl g aRb et & fafe gggell R 10 Afegs o
i forn 1o 36 fifsar Wil & g RIaRi vd arRd™
gunfesdl W U Uicashd ARPIT-2019 & U amgest &
TR gIRT R 7T o7 31 fexqar 2019 & <ifem fafer 9
Ugs P& 732 TR -1 39 urcashd # Agwrlt 89 & fou
USR5 | OTGashH T FaTe- gt o1, Hfhar (Mmgen) gRT
[E2aRipil

(foreget faramont & fosu @ies @iap 125, Sast 2020 S 1)
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fareri & v @WMe s &g
TR M 4ifadt R I9a ureamy

TR S YAl R e 3fTeIs S9Id UISIhH &l RIS 25
SR A 10 3G 2021 & SRE G & H BRRd AdrT
Ao, URC-Sidedss JedT Td 9Ny BN & fou fhar
TGRIShH 2hT TTeh Tep1el STOFTIATHT (BTYenT ) GIRT fehaT 7|

(foreyet faremuTt o fosu Ties 3fdh 126, 31iie 2020 S )

ARPIT 2020 ufauifiay & wrer (3myrit) araf
ARPIT 2020 & ufcrifirat a1 3wt & arer (3mRdY) ardf ave & I T RS A1 202 1 % Fedds AR Y fawa /7 o)
(foreget fareamont o fosu @iies 8fds 126, 31iie 2020 S )
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ABTH AP TfIfafe=T

e s oree ugat

3G 2020 & 7L J T 2020 &P UgS
HHTE ¥ WMo s v 3 Fefia o
TR, IS vd FRISH qrune § fIvie
&6 TS Td HE H U IR I ST B
e e e e SN P
gD, foer, Td dicd o & "eId |
AT DY TSI 37 Tfafafer a1 feseT @
AR A R (3MIeT) GRT b
T

(R framomt & fosw @ss i 123, JoTg
2020 1)

Rae™ & |1y fasm= A BT

TS A S 2020 & GIRT 20 ST DY BRI Dl JRIST Hep1ferd bt 75| ST U DTl Dl T AR Ras =
& 1 e @ e Ot Heved=1 gRT 9aman 111 399 Il a1 FHfor wa Hare Rt us (Jmge) gRT e
T

(g faraont & fosg il 8feh 123, JAIE 2020 < | )

128
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T Aot

SIS b QR STH ST DT T F F I T H 7 G o o5y &7 I7ab o ' et TRt fomaT,
R 72 Ui 9 A 9 Uah IR g Y SXaTT AT, TGHT &Y HAI3I T Teh HYUf Feh FHTH 8 WR 3reife smrasn |
YfofHT b1 SciPOP S F +ff ST A= AT ot | 23 318ies 2020 A 39 I H ebTehl BIT <MHes 8Y 3R AGHT b
HHIAT & Th &b ALTT | IR AT I Ig- Bl YA fHaT| 39 BT ol THR g GRT 3refa ured & Agrir |
AT v T @R 39 drder | <iifhaT Wafg Yacdt 8Re, 21fFeg SIaR 3R THaRd i gRT Fafid wu |
SR R wigAT o fosg TG fRpi b bk He gl

(g faraott & fosy @iles 3ieh 123, JATS 2020 < | )

I BT fdaw

I BT e oY AFeaTdt IAd F9 & fo5T SR Hehed =TT ol FRIST 3iR SIS H TUT awnare &y ifcs difsar ot
g 2020 & YRHIA H  FBIHId foham |

(g faraont & fosg il 8feh 123, JAIE 2020 < | )

129
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T fasT= 3R @Me Yifad! o1 aReEg FRam 3R HR3RT & for =™

IR Tgosl 3iR ikl & Wil I AfSART @1 i faam T, fTH Hive &R @t 31fif axht & w9 H mHia
fopam TIT| 3 9 2020 P TGS b BT & fosu ST B ST, MEAGEIG GRT Uh IR T 3T (ohaT 7| 17 7
3R 24 7 2020 @I a9 TERY 3Rege Ah SSNHIRT iR CaTelt, Tovia iR gl fReafenea grT e
oI 3R fIsT & BT & fosu AR &1 STRIST T T |

(g faraon & fosg Tl @i 123, JATE 2020 | )

3ore MNeHBIHT @M fasm= farfax

TGS & BIEI & @il A fRIfiR &7 3maiei 1 S 9 6 S 2020 & SR i3 UG & f5ar 111 eragiRas
G faet uRaSsHTRI & afe & |1 T g T8 o aRed 3R S9 fohd ThR JRIET ©U 1 S| ST S9!
TR farfaR & € 781 fIfaR o1 Fare A 2iRa gRT fohar 1 3iR Ig fRIfaR &1 1000 BE 3R @ Me st
T b g W e |

(forega faremon & fosw @i 3ids 123, T8 2020 <E | )

THATHR GF TgUT IR SIFRechell T

3NN D WS TeT 3reifd 21 S 2020 & TSATHR FF T80T, FORY TRA & A} fE==Al A SRaT 7 el T, S IR
H ST Radhd BT TR R & o3¢ faeTH TR, 718 gt 6t 788 | SIRIPT IUCAA SciPOP GRT 5 S | 17 S 2020 &
SR AR & AT BT RIS {521 7 7| IR GRITE (3TYT) i I2Iee & o 7 e fomam ma em

(g faraont & fosu @il 8feh 123, JATE 2020 | )
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JHATHR GF TgoT

3gent IR & faTRil 3 21 S 2020 & ISITHR T TZ0T & &0T BT MG ISTAT 1R 3BT SciPOP TAT ASI-
POEC GRT HEARTIHE U A ThHaTe a3 BRihH BT +ff 311G ORI 37 BIRIhA o o5y S & ©Y H IRHT 4 ST
137 3iiR arefa urew =1 i 3, STafh BR S F AFe AR 31 ifdhd JeRt 71 AY SciPOP EH 3 AT 370+ 370 BRI
q B fpa |

(o fraon & fosg wiles @ik 123, JATS 2020 | )
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Sci-Fi vexuss

SIS SciPOP S 7 'Sci-Fi TCHTEST: BIhelS H A1 [T i iR wfaar ufcrifian’ @1 s fawn it i
[T 31R T I H @i & B DI Jg e b o5 e 713 31 Mgl uge off | Rl o HUvET iR T+
e AR (Y1) GRT fawam |

9% 91 gAY S AHTE & fo5U 7 fasidret 3iiR SHb! strcadsar ol fafdre wu & gufar 31k g9 fov off g0 gofel 9
I 3BT TRTATS ITH FAT| HRIH Bl WU 3R Felesd FHR g iR 1 THT (ST gept ) = fopm /7|

(o faraont & fosg TS 8fdh 123, JAIS 2020 | )

Remarer (ATSe b E) @1 uRaw

TRICHRA ST FBe, GOl GRT 27 | 28 7 2020 & R LMH1e o1 IRaT & haAgd S13d T3 Bl AR B
7| GUR QRITSA ol feIvet & & e fopa e

(g faraont & fosg il 8fdh 123, JAIE 2020 <F | )

22 JATE A 23 RidaR 2020 d& g@eT H ATl o Ude JIar o TR fohar w31 Tfafafdy @ fasme ok
AT frarit U3 (eTRIenT) GRT fosa T |

(foreget fararon & fo5U TS 3ich 124, 3FageR 2020 W 1 )

132
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faftrer Fwerman § a1 -3 fowat W fFr=foRad wms
fast Afem R @1 3 fhar ar R Sci POP fadivst
3ferfer aohl & Y A |

16 JAIS 2020: TS I iR 9oy § HRR 3R
TR A 2R TRT AN AT T - U, &), T, T
. BIeSIH, BTG

23 3iR 26 JATE 2020: PR SIS BISSeH 3R
8. 3E. 3. &, YUl GRT GYch ©U ¥ ST fRrereh Hfereor
& SFcRTd faer frem H d=Tfiep RaoH IR HUd Sas GRT
EISI

26 JTg 2020: ST SfRCEC 3Mh Caicssil, DIITEY
3R HfSsfesen AR Tod, THGTE gRT Wgh v A
AR g T WTEfeve’ IR JEd & & & o9
5 ' SRETHI - TR TTeH U8 -1 WR A6 2R GIRT
IR |

26 RIcdeR 2020: fIsTH @R Htenfidht favm, Iower ¥

SIS 3MTeutd T A18C 2020 & 3R R FHR €8
SRT T A&5—T: T FRIoT— 31 & R AR |

(Rt foramuTt & fosq Tl @ik 124, JTagak 2020 B | )

IMorsH farere wfdreor

o ¥R TR 181 UfAeTor 1 SRS
8 3iR 9 IR 2020 P SR fhT T
TN BT FATT DU B9S TAT AHS
IR gIRT T T |

(foRIat fareoTt & fosU iies i 124, JFagar
2020 W 1)

BG ged- 3 AT THST

BIG gga-3 JFaH THGT Bl g I, fae™
farer qer SiaRfsia denfes yRarseN & B Agwfiar
oM & fo5u 3MYFies FTeHl Td Adi & SUANT &b IR H
forerent o TR =T ol BT M 22 | 28
IR 2020 & SR I8 9 A fhar |

(Rt foraon & fosu @i @ik 124, Tagak 2020 W | )
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B13d HATGIHAD TF & AT TR IR A ggef &1 g: ueef

"RIGRAET STt R A BIgd 9T U 3R fdu §
iR’ AMD JEST Dbl FHIANT gl 5 YA H
frfosRad fawal = g 7=t H1 18

12 f4deR 2020: TSR JIFHIH § PHHA Fhgrar w®
DRI aeMR (3T o) Tt aters omf (& ) grr
gt T TS| pieres I A qefepl A Brgd @i Pl g Ib
g9l &b IR e

MYViSa

26 RIGER 2020: SIS 3MTeoTd § A ASC & A
BT B9 IS gY FHR G GRT TGHT 3R IHepT IR—Iebhe
fasT™’ R ardf &Y 121 Ig araf Sed I & STRY Y
I

(forega faraRon & fosu @lies 37d 124, STagER 2020 S | )

SiTfeRarT TMIes ST ot RTae v & fo5u STRIHT GRT fohy ST Xe WAl & & & ®U H SJReai ahl UTférds gRaeT ol
SIS T ST &7 8 | TRIRAT T A= SRR g8 gIRT o 511 @1 €|

UEa AR 27 f4TaR 2020 &I F3T S f PANOPTES (UHIfeees SRGMIfehes caehs ekl Bk T Ufecse
SR TaaTeone | ) - ARG fIeT aRATSTT & IR 7 off, fTtent e Seed ot & fosy +ff v fHa o Aaifean

AP T 8, FRThT STANT TIIfET TarATeeb-ie T el & & fo5U o S|

(foregT fraron & fosu TS 3ich 124, 3rageR 2020 W | )

3IRIPT Wl GRT WIASI® AT B It
16 S 2020 : AMH 3 Flos: 7T S A b Fled favg

IR TS ST gRT AR |

23 A 2020: 'TEIBICHTH & uRe’, R SR F3R
GRT AR |

6 ST 2020: ‘R ¢ R 31 § Jf+ed’, IR Uciteh

QTS GIRT ITET |

18 I&E 2020: ‘g IR 3MH: w1 Iy IR v
gifsed’ IR My HEH e gRT AR |

26 J&T$ 2020: 'IFRACH § Slh AISS 3Ah G Ff+axd
frer HfAcemes ST TR SIHIAT AR GRT R |

1 3FRT 2020: 'IIHIMESIIT § FUIRIES: fScaa T Mh
Hfeeemes da” W freRTST ST gRT ardf|

I qrafe faRe gl Fod, SIS, goT GRT ST &t
TS oft 3R I et AT faftre Ufig Fee ™l & e
Hfcepfag) GRT TSR Gl faeT ardfeli b §EaT o1
fewear off|

24 3FRA 2020: 'SHSIE, DICH FAFGWHE TS
risiers @a g’ IR TTd s gRT SRS T4,
T 31TE T4 § 3T, Ja-1aR o fosy aralf Simaifore &t 7|

30 3R 2020: "TRICHNT TTFAI-NT BlvH S T
FTTd 28T SRT Naxxatra A9, $feaT & fo5€ araf|

(foregat faraRon & fosu @lies 37d 124, STageR 2020 S | )
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BIEN-YRa f2rer vg ArdsifAe s~iud (LIEPO) wfafafet

BFN-YRA NS BIga difSar
AR YFST & AT

Siteseg @ g™

LIEPO 19 a1 Uga! ¢ off R Slaveres
g% BN & 91§ “GW@Home with LIGO
—India”- 32 aTdfei 6l Th AHBGT Ssd
A AR JGHT DI AheuT a8 MR
S BN 51| Ut §@eT 1 31s 2020 4
T 8 SR IFDI SRS BIFN-ieam
USgH g9 Us  Ufesd ST ed™
g @ de W R T R g
“GW@Home-2 I wrem-gfear
AN 1 JAIS-28 R 2020 P SR
fopar | aehrei @ At foE (*mge)
SRT SRR foham T iR ardfan & g
TRIROT & fosq TIfrfafer ot Famese dvia Ardd

(ammgepT) 7 THR g (3MgePT) BT FERIAT A
o |

(fga faa~olt & fo5q @i oicp 124, 3fagaRk
2020 1)

HISIhITE | BTSN &Y YR I

ST GRT U8 TRocd - AT WRgad GW 1509 14 &1 Glgd] g3 o 3fawR WX, LIEPO 3R ARC HeR 31h Taie—4
HR IS 9a fFdha’t (0zGrav) = WIh Y A AIGTHIUC— soid W@ & Aoy § Heaiaa ey 1 § g &
AP B MR ATAT T RIS 15 RIdar 2020 1 fhar| 57 fifafer o1 ared td e d9a Jrdd deim
OzGravmWﬁv_ﬂTWI

(R famuTt & fosq @i, @ik 124, JTagaR 2020 B 1)
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T

T & e & ®U § $fea7 3fRege it A8 TRY3Ts Chithee,
A TTATR (MgenT Q) SR a%0T HIoRTa (TRRTE TItheR,
3MTS 3778 EI— a1, §a3) = e RTSTSH 3IR Plexd AR EA
T T AR T AR BT Ao 3ifhd WeRT gRT foha
T AT ST MRS HeRTT AR GRT foam R |

(Rt foramon & fosu @i, ik 124, TagaR 2020 TH 1)

At desd: BT BT B
14 fAdER 2020 BT GW 1509 14 &1 Uge! HcI&l FTDI DI qrad! IHIS & ¥R TR ‘WAt Hed’ T ToHcdepson
TR AT BT SHIT o YR T BT 61 T | SRt At (3T GRT 7 TAI BT Farres fhar <71 387 2

(foregt fararon & fosu wiles, ik 124, 37argar 2020 <X 1)

faeg sraRer wwTE

foreg 3iaRer AHTE 2020 & NRR W ACHZISH I BIH AHD U SR HRIGT BT RS fohar T foRTds
ST YT SciPOP T IS HIfSTT THEhIH TR UIReR T T ST SIRT DI, T WSW-2020 Bl AITe & 8
&feren e ot a1 T fmaT T, R gR Sfiae Y dgaR S % fosu faftre Suwg sy (Heaw H) 6 e
B TS| 39 TfIATY T AT U fSSiTeT A 2R gRT foham T |

(R foraon & fosu @i, @ik 125, SHast 2021 X 1)

M TR R ATS13 f1ers ufdraror

{9 STRer THIE 2020 b IcAd BT YURH BRA 87 03 | 04 AFCaR b QR PRI KR o (Tes1s 12r181eh TfIerur b1
ST ot 1T | 397 TTcrfaf a1 fESTTe Ua HaTes Sl Bae (3TganT) GRT foha |

(R foramont & fosw @i, @ik 125, SHast 2021 Q1)

3IRES MR YgIE @Il BRIHH

3RS AR GTE TIST BRI BT RS 09 AFeaR | 3 TdeR 2020 & SR IS TR, TR ALDR 1R AT
ATRUTT &b LI A SARCS ATegd—Td.&.d1%. Q.0 THHMN TR GIE TS AR GRT fhaT TIT| 39 B
PHrRIcHH & fosu GER QRIfed (MIenT) = URTHLISTAT &1 SIf¥TehT 31aT 1 | 3 PHRIHH H o1 MR Repigd b 3R TS5 89
TRRE @It 6 7 €|

(foreg faraon & fosg T, ik 125, Siast 2021 3w 1)
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A= (SAAO) EMe-Tgica

GIR0T STRIhT WM AT § 20 H 30 3faCER 2020 & SR 31T 200 df I3 AR iR uge &7 deremest o

T fORTA T2/ & ®U H IgTe o 11| TR g2 (Y1) 7 A AR & AT 22 TageR Pl ARCRIT SREHHT TR
BRI BT A BT 27|

(foreg fara—on & fosg T, ik 125, Siast 2021 3w 1)

9T ueref feaw

o eref e (S1h dex 8), Uh AT HripH g,
RTAhT G I59d 9T uaref oY Taal R Yol ST &
2020 3 31 AR Pl 37 11 WR H I vgref g b
U H HARIT ST &, ST deTTeh! GRT Pies uaref Bl Tt &
B3 MHYD TRIDT D IR H [SHaed a1 I @ qAT 39
Blfcheh Tgo Pl A g Jel~h AATEHT bl FHIUT
TR BT HgTd FETRG Bl 2

(g faraont & fosg T, ik 125, Siast 2021 S 1)

qovd s wgicaa

i Y. ues . qemTe 3R ST aeit, TRita sfiact GameTs Semie Ud SR & 7ed il |9 ¢, SW Afad I 1,
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In this thesis we present study of the Cosmic Microwave Background(CMB) spectral dis-
tortion and implication of measurement of spectral distortion on our understandings on the
physics of the early universe. Among the various sources of spectral distortion, we mainly focus
on the Cosmological Recombination. Precision measurement of the cosmological recombination
spectrum can provide an entire new window to look at the early universe. We aim to quantify
the information hidden in the cosmological recombination spectrum. For this purpose we have
developed a new code following the effective conductance algorithm. Our code is closely based
on the COSMOSPEC code. We find, using Fisher information matrix and assuming that the
foregrounds can be subtracted by using higher or lower frequency channels and spatial infor-
mation, that going beyond the detection will need an experiment with sensitivity 25x better
compared to the proposed experiment PIXIE. Such an experiment will be able to measure
the cosmological parameters with a precision that is competitive with the CMB anisotropy
experiments. The best constrained parameter is baryon energy density €2, which can be nailed
down with incredible precision in principle. We also show that the shape of the hydrogen lines
is connected to the speed of the Hydrogen recombination , with the peaks of the recombination
lines coinciding with the peak of the recombination rate. In general, the shape of the lines en-
codes information about the rate of recombination as a function of redshift. We also presented
a brief report on two ongoing projects: i) putting constraint on dark matter annihilation using
cosmological recombination spectrum and i7) effect of Triple Compton process on the CMB
spectral distortion.
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Evolution of galaxies on the cosmic web deals with the story of the galaxies’ life-cycle,
particularly the shared relationship between their position on the cosmic web and their evolu-
tionary state. Studying the overall evolutionary trend of a population of galaxies in a diverse
and continuous range of environments is crucial for understanding the cause and effect of the
interaction of galaxies among themselves as well as with the gas in the surrounding medium.

The galaxy-gas interactions can be essentially divided into two broad parts. The first
part discusses the influence of the environment on the galaxies. The second part emphasises
the role of feedback from a subset of galaxies affecting the surrounding medium. Various
interaction phases of these systems involve physical mechanisms like ram-pressure stripping,
tidal interactions, AGN-feedback etc.

Observations from the ground-based GMRT, Sloan Foundation 2.5m Telescope at Apache
Point Observatory, and space-based Chandra, Spitzer, GALEX and WISE were employed to
infer the activity of galaxies and studying the physical parameters of the hot gaseous content
of the intergalactic medium (IGM).

Data from large-scale optical spectroscopic surveys such as Sloan Digital Sky Survey (SDSS),
Dark Energy Camera Legacy Survey (DECaLS), and Arizona Cluster Redshift Survey (ACReS)
are also employed, along with multiwavelength datasets of the LoCuSS survey, including wide-
field imaging data from UKIRT/WFCAM to characterise the galaxy population in terms of
their star formation, AGN activity, quenching, and optical morphology.

Galactic environment is characterised by the ambient IGM present in galaxy groups and
clusters, physical parameters like temperature, pressure, shock fronts, cavities etc. offer dynam-
ical insight of the various mechanical interactions disturbing the smooth gaseous morphology,
while the overdensity of the underlying galaxy population characterises the underlying galac-
tic environment. Particle content of radio plasma and AGN relics throws light on the AGN
activity and at times the state of IGM. Interaction of radio plasma with turbulent IGM results
in the phenomenon of AGN Pheonix/ relics in these systems.

Previous studies estimating the impact of the environment on galaxy evolution characterised
the environment primarily from a unidimensional viewpoint. For example, some studies used
the surface density parameter (Baldry et al.), overdensity parameter (Peng et al.), or group vs
non-group (Wetzel et al.), group-centric distance or KDE (Haines et al.). Unlike other galaxy
physical parameters (e.g., stellar mass, SFR, colour or AGN fraction) galaxy environment
is a complex quantity to measure. Various parametrisation gives a different perspective on
the environment. We employed a multi-dimensional view on the environment. In particular,
we used a combination of KDE and group/non-group environment to characterise the Coma
supercluster environment and study its dependence on other galaxy physical parameters. To
achieve this, we take a spectroscopically complete sample from the SDSS spanning the entire
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Coma supercluster. The environment is characterised using the (Yang et al. 2007) group
catalogue, which is an optically-selected, volume-limited group catalogue which is based on the
SDSS DR7 galaxy catalogue, and the large-scale environment is estimated using a kernel density
estimator (KDE) algorithm, which is a non-parametric technique to calculate a probability
density estimator.

We inspect the galactic population’s impact on the environment particularly accessing the
role of non-central radio galaxies towards the energetics of the IGM of rich galaxy clusters.
The role of AGN in the central cluster ellipticals (BCGs) in heating the intergalactic medium
has been well established. The powerful radio jets emanating from these galaxies are physically
capable of displacing the IGM, carving a depression in the X-ray surface-brightness. For the
first time, we inspect the role of the sub-powerful non-central galaxies present elsewhere in
the cluster system, which might unanimously contribute towards feedback in such systems.
We performed a statistical study of radio populations, especially those that were resolved and
set upper limits for the unresolved ones; the total radio output in terms of the population’s
combined bolometric luminosity was also computed. The radio jet power is also computed
from the extended sources and compared to their respective radio emissions. Although AGN
feedback from the central galaxies seems to be a popular solution to the classical cooling flow
problem, it fails to account for the efficient thermal conduction to the entire IGM. On the
other hand, a sizeable radio-active galaxy population (~ 5%) is estimated to be present in
the cluster of which many spheroids are known to be present within the cooling core. These
spheroids can very well serve as secondary sources contributing towards more isotropic heating
to the IGM. In this way, it would be a more convenient way to transfer energy to the IGM.

We also study an exclusive merger driven cluster system with detected cavities in the X-ray
emission. The central hot gas in many cool-core systems is not distributed uniformly, but is
displaced by forming cavities approximately coincident with lobes of extended radio emission.
Such X-ray cavities have been detected in ~ 70% of the cool-core clusters, and this number
could well be underestimated due to the limitation of cavity detectability.
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Gamma-Ray Bursts (GRBs) are the most energetic and distant sources in the cosmos. The
initial brief (~ a few seconds) and intense flashes of gamma-rays outshine every other extreme
energy source in the sky. These gamma-ray flashes originate close to the burst site and are
known as prompt emission. Subsequently, the burst ejecta collide with the external ambient
medium and radiate in all wavelengths (radio to gamma rays), known as afterglow emission.
The duration of GRB prompt emission is characterized by the ‘Tgy’! parameter. Based on its
value, GRBs are classified into ‘short’ (< 2 s) and ‘long’ (> 2 s) variants. Short GRBs (sGRBs)
are thought to be produced by the merger of compact objects, like neutron star-neutron star
(NS-NS) and neutron star-black hole (NS-BH), whereas long GRBs (1GRBs) are produced from
the core collapse of massive stars. Both the variants result in the formation of a new black
hole or a magnetar, and both can eject material in the form of relativistic jets.

In high energy astrophysics, some of the fascinating problems related to the nature of rel-
ativistic jets are: (a) How is the jet produced and accelerated to such high velocities? (b)
What is the jet composition, is it a baryon-dominated or Poynting-flux-dominated outflow?
(c) Where and how does the energy dissipation occur in the outflow, is it via internal shocks
or magnetic reconnections? (d) Is the underlying emission process that gives rise to observed
radiation, synchrotron or inverse Compton scattering? The powerful nature of GRBs makes
them a very suitable candidate for probing the physics of relativistic jets. Therefore, it is also
imperative to understand the nature of the central engine of the GRBs.

With the first coincident detection of gravitational waves with electromagnetic (EM) signals
from GRB 170817A, the era of ‘multi-messenger’ astronomy has begun. It has also posed
several key questions regarding: (a) The nature of post-merger remnant or central engine of
GRBs; and (b) The jet profile of GRBs, or cocoon as an alternate model in case of faint GRBs
detected in the nearby universe. In the case of sSGRBs, produced by the NS-NS mergers, the
total mass of the remnant/central engine is useful for ruling out some of the equations of state
(EoS) in NS. Studying the radiation (EM) of sGRBs can play an important role to probe the
above questions.

This thesis comprises of nine chapters and is broadly divided into two parts. A chapter-wise
summary is presented as follows:
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e The introductory part of the thesis contains two chapters.

— In Chapter 1, the physics of GRBs is briefly reviewed.

— Chapter 2 presents a basic overview of AstroSat/Cadmium Zinc Telluride imager
(CZTI), Fermi Gamma-ray Space Telescope and Neil Gehrels Swift Observatories,
dand ata from these have been used in the thesis.

e The first part of the thesis addresses questions concerning the nature of the jet and of
the underlying radiation mechanism in the prompt phase.

— Chapter 3 reviews various models for early emission mechanism of GRBs.

— Chapter 4 examines the radiation mechanism in a bright GRB 160821A using re-
markable polarisation measurements made by the AstroSat/CZTI along with simul-
taneous observations from Fermi.

— In Chapter 5, the emission mechanism in GRB 160325A is inferred using the spec-
trum and polarisation measurements along with afterglow observations.

e In the second part, the thesis focuses on understanding the nature of the central engine
and its properties for both long and short GRBs.

— In Chapter 6, possible models of the central engine and their mechanisms are dis-
cussed.

— Chapter 7 discusses a search carried out to identify GRBs with black holes as central
engines and presents its results.

— Chapter 8 describes an attempt to understand the central engine of sGRBs based
on prompt emission spectrum.

e The concluding Chapter 9 summarizes the results of the thesis, their implications and
the outlook for the future.

A brief summary of part I and II of the thesis is presented below.

Part I: Emission Mechanism

The knowledge of temporal and spectral properties of GRBs has been enhanced significantly
with the launch of dedicated space-based observatories like Niel Gehrels Swift and Fermi.
Prompt and afterglow phases are being detected in multiple wavebands (X-rays and UV) via
Burst Alert Telescope (BAT), X-Ray Telescope (XRT) & UltraViolet and Optical Telescope
(UVOT) instruments on board Neil Gehrels Swift Observatory since 2004. BAT observes the
source in the narrow energy band restricted to 15-150 keV. The Ferms mission, on the other
hand, provides an energy coverage from 8 keV to ~ 300 GeV via onboard instruments, the
Gamma-ray Burst Monitor (GBM) and the Large Area Telescope (LAT). Traditionally, the
prompt emission spectra of GRBs are fitted with an empirical function, known as Band function,
representing non-thermal emission. However, in some GRBs, deviation from the Band function
has been observed. An additional or distinct component like a blackbody function (thermal
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emission) or powerlaw or cutoff-powerlaw or smoothly broken-powerlaw with one or two
breaks is found to improve the fit statistics significantly. Also, physical models of synchrotron
and photospheric emission are directly found to fit the data. Currently, it is found that some-
times the same data can be fitted with different spectral models which provide equally good
statistics. The spectroscopic study of prompt gamma-ray emission of GRBs provides valuable
information, yet, it alone is inadequate to fully discriminate between various emission models.
Therefore, there is a dire need for more constraining observables like polarisation. Different
degrees of polarisation are expected from synchrotron radiation originating from magnetic field
structures ordered on different scales and depending upon the viewing geometry of the jet. For
inverse Compton and photospheric emission, a meagre polarisation fraction is predicted, except
when the jet is viewed off-axis. Generally, some asymmetry in the emitting region or view-
ing geometry results in linearly polarised emission. Hence, the measurement of polarisation
simultaneously with spectroscopy can break the degeneracy between various spectral models.
Further, the variation of polarisation with time is an important tool for understanding the
temporal dynamics of the jet.

The measurement of polarisation in X-ray astronomy is highly challenging for transient events
like the prompt emission of GRBs mainly because of the scarcity of incident photons and the
brevity of the event. Thus, to date, polarisation measurements have been attempted only for
a handful of cases by the Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI),
INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL), GAmma-ray burst Po-
larimeter (GAP), the Cadmium Zinc Telluride Imager (CZTI) and POLAR, and most of the
results have limited statistical significance. The CZTT, onboard AstroSat, is actively detecting
GRBs in hard X-rays since its launch in September 2015. Currently, AstroSat/CZTI is the only
space observatory, capable of measuring linear polarisation in the 100-400 keV energy band.
For bright bursts with a significant number of Compton-scattered events in the detector, the
linear polarisation measurements are promising. Therefore, the statistically significant polari-
sation measurements from AstroSat, along with simultaneous spectroscopic measurements, can
be beneficial in the advancement of GRB physics.

Observations of the afterglows of GRB events can complement the spectro-polarimetric anal-
ysis by providing crucial information regarding radiative efficiency and the opening angle of
the jet. Therefore, integrating all the information from prompt and afterglow phases using
multi-mission data can help to build a comprehensive physical picture of the burst.

In Chapter 3, a review on the various physical models for emission mechanisms in GRBs
is presented. Distinct signatures in polarisation and spectral observations as predicted by
different theoretical models are discussed. We describe how the measurements of polarisa-
tion simultaneously with spectroscopy can resolve the existing enigma of underlying radiation
mechanism, composition, and the viewing geometry of the GRB outflow.

In Chapter 4, the study of the time-resolved spectro-polarimetric analysis of the third most

luminous gamma-ray burst, GRB 160821A, in the history of Fermi detections, is presented.
Owing to its bright nature, the main episode of the burst observed by AstroSat/CZT1I, recorded
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the highest number of Compton events in the first two years of its operation. Analysis of po-
larimetric data from AstroSat and spectroscopic data from Fermi revealed that during the
main emission episode of the burst, the position angle of the observed polarisation flipped
orthogonally twice along with concurrent changes in the spectrum. The total emission exhib-
ited a low polarisation fraction, 211?3 %, due to the presence of the angle flips. However, the
time-resolved emission showed a high linear polarisation. Thus, by taking into account the
change in polarisation angle, we estimated an average linear polarisation fraction of 661%? %
across the burst. The spectrum of the burst was found to be best modelled using a combina-
tion of blackbody + Band x Highecut models. The high energy part of the spectrum was
found to display significant variation with time. It was concluded that the observed emission
is synchrotron radiation produced in ordered magnetic fields based on the following: (a) the
large energy content of the burst implied that the jet was viewed on-axis, (b) a concurrent
change in polarisation and high energy spectrum, (c) a high degree of linear polarisation, and
(d) flipping of polarisation angle twice during a single emission episode (only such observation
to date). Inverse Compton scattering and synchrotron emission produced in random magnetic
fields were ruled out, as they would have produced a very weakly polarised emission for an on-
axis observer. The chapter also presents the analysis of the precursor and afterglow emission,
completing the observed properties of the burst.

In Chapter 5, spectro-polarimetric analysis and physical modelling of the long bright GRB 160325A
is presented, which is the only gamma-ray burst observed in the primary field of view of As-
troSat/CZTI to date. It was also detected by Neil Gehrels Swift Observatory and Fermi
Gamma-ray Space Telescope. The prompt emission of the burst consists of two distinct emis-
sion episodes separated by a quiescent/mild activity period. A Joint time-resolved spectral
analysis performed on the first episode provides blackbody (BB) + Cutoff-powerlaw (Cpl)
as the best-fit model. The Cpl photon index («) is found to increase with time and is greater
than the line of death of synchrotron emission. This is in contrast to the classical fireball
model, where the presence of a thermal component results in a softening of a with time. On
the other hand, the second emission episode is best fitted with just a Cpl model. The spectral
index is found to be consistent with slow-cooling synchrotron emission. The time-integrated
polarisation measurement of each emission episode shows that the first episode is un- or weakly
polarised (polarisation fraction < 37%). During the second episode, however, a strong polar-
isation is detected with polarisation > 43%. The flux lightcurve of the afterglow obtained by
the XRT shows the presence of a flare and a jet break, the latter being supported also by
the UVOT lightcurve. The jet opening angle is estimated to be ~ 1.2°) and a low radiation
efficiency of ~ 11% is found. Our analysis reveals that (i) a transition in the spectrum from
a combination of thermal and non-thermal to a completely non-thermal emission, and (ii) a
simultaneous change in polarisation from a lower to a higher degree. The energy flux lightcurve
observed during the afterglow indicates that the jet is viewed on-axis by the observer. Based
on this, a consistent physical picture is presented in this chapter. Using the composite mod-
elling of the spectrum, polarisation and afterglow observations, it is inferred that the outflow is
baryon dominated with mild magnetisation. The emission during the first episode is from the
photosphere with sub-photospheric dissipation of the kinetic energy of the jet. These energetic
electrons up-scatter the thermal radiation coming from regions close to the central engine. This
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produces a quasi-thermal Comptonised spectrum, which gives rise to the observed non-thermal
component. The second episode, on the other hand, is produced by synchrotron emission by
electrons energised in the internal shocks occurring in the optically thin region beyond the
photosphere, in the backdrop of ordered magnetic fields originating from the central engine.

Part II: Central Engine

The two types of possible central engines of GRBs are: (i) a hyper-accreting stellar-mass ‘black
hole’, and (ii) a rapidly spinning and highly magnetised neutron star, called as ‘magnetar’. Sev-
eral comprehensive studies have been done on the lightcurve properties of the early afterglows
observed by Swift/XRT. The lightcurve features like late X-ray flares and plateau features
indicate that central engine activities last longer than the duration of the prompt phase. The
X-ray flares are perceived as the late time activity of the central engine. The observed X-ray
plateau can be accounted for by the spin-down of magnetars, late time fallback of surrounding
matter onto the black hole, or an external forward shock. But the X-ray plateau with a rapid
drop at the end can possibly be explained by the magnetar model. Hence, the investigation of
the observed lightcurve properties is useful for understanding the possible central engine.

In Chapter 6, possible central engines in GRBs and their mechanisms for launching the rela-
tivistic jets are reviewed. The important discriminators like limits on the energetics, duration,
etc., in the magnetar model, are presented in this chapter for ruling them out as central en-
gine. For example, the maximum energy budget for a newly born millisecond magnetar is
~ 1052 erg, which is estimated when the entire rotational energy gets converted into radiation.
Hence, such constraints are useful for identifying the type of central engine.

In Chapter 7, the upper limit on the energetics of the magnetar model is applied to rule
them out as a central engine in some of the GRBs. To carry out this study, a sample of 135
Fermi detected GRBs is selected with known redshift information. The isotropic equivalent
energy in y-rays is computed using the bolometric fluence derived from Fermi data. Bursts
with isotropic equivalent energy greater than 10°2 erg are selected to form a sample of 105
hyper-energetic long GRBs. Due to the collimated nature of GRB jets, the beam-corrected
energy, I peam is the true energy of the burst to be used for further analysis. For this, the jet
opening angles, 6; are either adopted from the existing literature or estimated where required.
Applying the condition E, peam > 10°%erg, we identify the central engines in 9 GRBs as black
hole candidates. The estimated mass ranges up to 10 M for these black hole candidates,
which are likely produced by the core-collapse of massive stars. The XRT lightcurves for these
events show the presence of flares and multiple breaks. But, in none of the cases, plateau and
steep decay are observed. In the black hole model, such X-ray flares can be explained by either
fragmentation of the accretion disk into clumps at a large radius or by magnetic barriers also
seen in magnetohydrodynamic simulations.

The observations of the Binary Neutron Star merger event GRB 170817A have confirmed

some key aspects: (i) the presence of a relativistic jet, (ii) that the jet has some structure
beyond the jet opening angle, and (iii) that the jet has been viewed off-axis. This indicates
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that the observed prompt emission spectrum has a strong dependence on the viewing geom-
etry of the jet. The Band function fits performed on the sGRBs spectrum reveals that for
a significant number of bursts; (a) the low energy powerlaw indices are > —2/3, the line of
death of synchrotron emission, and (b) the high energy powerlaw indices are found to be steep.
These spectral features imply a narrow spectral shape and hence, suggest radiation from a
non-dissipative photosphere.

In Chapter 8, a sample of short GRBs is analysed using the spectral model of multi-colour
blackbody, which is interpreted as the emission from a non-dissipative photosphere of a jetted
outflow possessing an angle-dependent decreasing (powerlaw) Lorentz factor profile. About
~ 67% and ~ 26% of the sample are found to be consistent with multi-colour blackbody
and a pure blackbody model, respectively. The opening angle (6;) of the GRB jet is also
estimated using the traditional jet break that is observed in the afterglow. In cases where the
jet break is not observed, the condition of jet confinement due to surrounding cocoon is used.
The most probable value of 6; is found to be 2° + 1°, and median is estimated to be 6°. The
powerlaw index of the low energy part of the mBB spectrum, along with the detection of a jet
break in the afterglow, enables one to identify if the GRB is viewed within or outside the jet
cone. Our interpretation of the sSGRB spectra of the current sample within this spectral model
shows that the probability of sGRBs observed within (or along the edge of) the jet cone is
~ 56% (18%). On further analysis of the outflow dynamics of the sGRBs observed on-axis, the
average Lorentz factor (I') at the photosphere is found to be ~125. The intrinsic luminosity
of the sGRBs is found to lie in the range 10*® — 10%3 erg/s. No correlation is observed between
the mBB temperature and total isotropic energy of the bursts. The power law index of the
decreasing Lorentz factor profile of the jet structure is found to be 1.4 — 2.3. Several recent
studies have shown that the physical model of synchrotron emission can produce reasonably
good spectral fits to the GRB prompt emission spectra with even hard « values. However, we
note that the synchrotron emission with hard « values can be obtained by: (a) a steep pow-
erlaw electron energy distribution® (> 2.5), which may be physically unreasonable, and (b) a
Maxwellian distribution, but it provides much wider spectra than the observed narrow spectra
in our sample. In addition, the synchrotron self-absorption frequency can allow the slope to be
as hard as the Rayleigh-Jeans index. But, it requires extremely high Lorentz factor of ~ 10%
for observing the absorption frequency in the hard X-ray regime. Thus, it is difficult to explain
the hard and narrow GRB spectra using synchrotron emission model. Our study finds that
> 92% of the sample is consistent with the spectra expected from a non-dissipative photo-
spheric emission of a structured jet. This suggests that the sGRB outflow is not Poynting-flux
dominated, which in turn indicates that the central engine is unlikely to be a magnetar.
Gamma ray bursts, apart from being among the brightest explosions in the universe, are
events that provide an avenue to explore several fields of astrophysics as well as other branches
of physics. Despite several decades of extensive research in both observation and theory, the
process of radiation giving rise to the observed gamma ray emission as well as the nature of
the central engine powering these powerful events have still remained elusive. This thesis rep-
resents an attempt to resolve these mysteries by using an innovative approach of combining

2The common value of the powerlaw index of the energy distribution of relativistic electrons is p ~ 2.2.
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both spectral and polarimetric information and associated physical modelling with all available
constraints.

The thesis is based on the following papers:

1. Vidushi Sharma, Shabnam lyyani, and Dipankar Bhattacharya, et al. ‘Time-varying
polarised Gamma-Rays from GRB 160821A: Evidence for Ordered Magnetic Fields’,
ApJL 882,01, L10 (2019) arXiv:1908.10885.

2. Vidushi Sharma, Shabnam Iyyani, and Dipankar Bhattacharya, et al., ‘Spectropolari-
metric analysis of prompt emission of GRB 160325A: Jet with evolving environment of
internal shocks’, MNRAS 493, 01, 5218-5232 (2020) arXiv:2003.02284.

3. Vidushi Sharma, Shabnam Iyyani, and Dipankar Bhattacharya, ‘Identifying black hole
central engines in gamma-ray bursts’, To be submitted.

4. Shabnam Iyyani, and Vidushi Sharma, ‘Prompt emission of short gamma ray bursts:
Clue to the view geometry and the post merger remnant’, Submitted in ApJS,
arXiv:2007.00020.
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THTOIeRUT HITEIRR &1 THTE aRich TRINT fohaT 7T 21 FAfosRad S—Faeml ol STNTehdiall gIRT Uaad ot ST 21
STH 3T o STRANTT FghHl BT EZproxy T TART AT SMHS ¢

3RepT THIRITE Tth fthfTarT et TR

IMRBT 3fRege Ak it = |rsfeee

smRa e A oot ¢

MR AT fofTaT Togdhe™

ICHIgS AT G SIRIE

DIFSST rarict U fBIR =R

ESEiGIE] AR U I

gfRece 3 fhfore 9 3T AT

YT gReceme RN qes ATgefthe

A= T2Ted HRf & 3TesTaT, Urd MthelHe Ud Ues et ufdreroneff 3 de 6 v & fefesRaa wfcfafery wa damg
UG &l &:

. 1 o oY GRSt FreRoT ST~ 13 1 SUARTHIIST | MY 25 1 3% SR i quf g

. TATET T 15 U1 e RIEN Pl qIR |

. TATA F SFTHET HGL DTS b o537 SRS T I Bl gY WM fedies AN &bt RIS U bl |

. TS YouTube 955 H 206 AT o7 FUE 21 I H HIHIZR & 5,452, 3R o5 SR 96,317 IR @1
g

. QDTSRI & HHATRAT 5 2020-202 1 & aTfes Hfcrdge b fo5u ST STapIGid Td S1UNTd Heh T & Uehrem
&Y AT TR B N TR fI9TT hl AT
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ACE-RPL - wfafaferar

3NTfeedhes Td 3Taxwh SeXWRM! BT IRT™
3NTfeeehes Ud 3TaRth SCXhRIAC! T IRT, AH® e Y g8 39M IR YR & Bl Ud [Geafdeneaal & HahrT
UTCRISHH T AT SR & A& g TS fIsT hg A<l b A1 A1 B fagelt Aewy +ff & | 7 urcwshy o
& 218107 31T g GRT @18 2020 H RIGER 2020 & AT TbILT SRTTATHT (STRIDT) GIRT fobam 17 2T

3 T fhar T $9 UIGHhH H SiF GRSl (A
e, TaICHIBfaed WelfthfoTaxT Us T TTesld o]
qq, B faeafdensd, dfesad) = gfeters & wu § T
FRIYR F9IST o071 Af1eT qeie (JMgaT) 7 BiReR
SFAHING IR IR ARGM $H §@eT Wt UgH 61 Tg
STalld S gRT &t T8 oft, Jafes BT dvAe Rived
TS® 6l TG i TE, SR at A, uRgia,
JoITNI, SIATSTHCH NS SUSEY | 1T At § oY
31féres wferTRiat 7 3% UTeaehH & fosu dfianeur fama e,

AT formse afenfiar: wam=ear (SWANtenna) -—2020

9 TEMRI & AR 181t & fosw Giles fIeT dhg o fRraror S1feRT g, STRgenT GIRT +ff TRIsT foh ST X o o Suenwor
{SSTT8 BHRAT U duedTd ST fFHfor SHeem a7 fohk SUaRur iR/ IT ATFCIRR &b ATRS URISI0] dhxT MMfdes o, it
TR T STRATT < e e AT ST b BRI B SUSsY @11 AT SRHEDhe aaidhnl b fosu BI-SHigpwt UfeT Bt
SIS &1, g +ff TPy aTer 3R Aeadh (SWAN) & e & U H L0 T §AT U IuehH T, ForAepT TR A
QUi (IUCAA) gRT o Rl gfeege o foham TRIT o111 SWANten TR 2020 19 91 UfcRiIfiar & 78 2020 o &ifvd
fopaT T o, I8 SR —ATUNTT HEHRICT BT IGTaT <7l & fo5T HTI & 3R g S &l HHTIAT P AT Q2T
TR &b PR TS| U B & AR & 50 st AT TfrfiaT & fosu arcafres o= & wie ufeRarg & afarfa, 35 3 ot
31f¥res g o, S ST 70 HhrT AT A o, I TASTEPR | 39 TR & fosu 397 sk ¥ 300 & +ft a1feres
BT A Gofiaur {5 Ud S | RideR 2020 & 39 aR A & SR difesd fAfA{SET & wamer e ot fEormsd R o=
& feem o @ fFar) WIPL-D I8 Ue Affas aoet g, ST far]d gadhea & & 3iafa $u RIgaem 1d Aftedr o
fersTe el 8, 39 SqRaATgdd At Ui & o5y o= AforedaR Udhet ol 9] V™t UM fohaT| 18 gl &
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317g g8 wfaftai 4 150 A +ft arferes wfcrfiai 7
379 IR §Y e f&STe vd Reger A gare
Tcefl &t faedret & Jearia faavon @ Jfaa
fepar| Feferd fderur 30 Rycder 2020 6t Q15
g8 3ifc feifer e e gul

321 & TRIg TfeT fadwsit i Forfaes wfirfa grr
S oot foar T, RO gATe enTiaa (gd
fiqere, smgamsel, fagh vd aduF o poufd,
e faeafierea) geafitrm eFagsH (g
¥, TRIIRU-SIRMEUhaR, gor, g9 #
wfafeE oo o feafemea ®) i &,
Foaet (gd e, R Us €, #isue) e
Pl (T HAWEh TedUdh, Hex B
1SS ReTe & goserl-iad, gasel, gt )
IS UG (MR Afcrer g9+ heR e aiks
ISEaR, dcoge A dex, 3RI) T
S (SH, SBMELe) T 9 i<z
thisdped iR oteon & fou = qorayof
festel & gaeT & Afdm gH@t a1 TS
SWANten W URRIRIAT &1 ot rfamer
QTS Ud ST & 3T Al gIRT famam
o

aREd el gt fder ¥qe @1 e 28 fdeR 2020 ¥ 9 SHa¥ 2021 & GRM, YD UG TIHISRY-
CIATSUhAR GRT AGch ¥U A A3 UGHT A fhar T s&7 600 ATdge AfHfesd gy o A 50 JATae! BT oH
GRT AEHTH 8 o fo5q 2 faham 7T STafdh Qi A+t TG g edl o H1eaM 3 RIehH i Jo Febdl o | ST TSI
3 Heifera fafts fawal R aRgcliar td SeiRaed Td ot 9 ) JId dd dod IR, S IfSal 8l Ahgigdd
fEwITe forg g T &), Rt it 3 et et o Henfosl 35 o1 v i bt 10 AT gRT fobar T | Weddh g W 5
A A1 <Y  faftr fAeafdenesal Td diessT I MY &Y Ueh-Tep fAIeieh Juqre Uede g 5 &1 g7 Wl H 6 W
TRINT QMRS o R ST a9 & oAfiier td RRTER & U § A1E186 BIRA Ud SUTrd BT ST T 11| Ffereriry =
S & A1 e b TAfeTaT U S U & AT &NUR b qIRUTHI &bt Siler <bl| Seei-l UTH RfeAT Rse’d UR W3 0 bl
URTECI] BT IYINT Ry BIHdTes THTaT ot o} Jr=awor foma |

IgI+ TcIE 29 A UTH ) Rie™d & fiaul R U6 Hees / Seg i~ am uRmade & caxi™ W T e e T 6|
SMEGTSTTH 1940 & SR T T Y3 H—faresth ST AT &1 T8 STIehRum oI | §39h AfIReh, PripH §
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MeHfier & Jod dcd R PRIHAS & T TR H et AT SHRpIy, 31k wie Hiexad e AR g & uTH
ST BT fI9ST0T oMM o1 BRI, T & HiMfsd T IR ¥ iR Ufrrft QT & TansaTer 89 & 310 HRIG 8
&, AT TeTe oY 7 STofies Td Iiieeer & Tl & qRa H S0 THg gRT Y ¢ BrRf o1 TRgiar o & fou
FHTIRN & GR @i G, Tt Uit Tensarer s o 32 & 31 99 & H1egw 9 Jiadid ax 2 o1 R¥1eeh Sueerd, B3
gferTRIaT & A1 eaTgder B AR R A | ThS & AfeH & AT F TRl gRT Y Y TRIRT OR IR 1enul & ST,
TS I Ud @l Hifcrd! § BRER & /iRl W gaf &t T2, 12l g 72T 3N —37eT Hgl # AR & 3o
oI T | T H MMYHT T TAAISTRU-CIIMEUHATR H 3TBRE fALeii 7 7T fosaT| G 37t |eg H 3Ty rgvh,
ifeer Sarare, ga of. Afeba, SR AR TF UebTer SrgTRIE (1t STRIeT R 3iR Sl B> wd gui (g
TAHIRTRU-CI3ITEUHANR ) 2 |

fareror g arf¥es gae=af sRIwH: ARPIT 2020

ARPIT - 2019 & {57 3MgahT & THTRHT GRT RiaR w@
TREOT TS IR T UTe=IehH IR o am, o Riar
Td ARG TS & IRt & fafdet ggasell &R 10 Aeg®
4 fifia 36 difear o1 urgferaor famam mam) |aRar fa
(ergamsuad, foosHayRd) gR1 RIAR Td ARG
fqmr, gaidr <F (Plea faeafdenea, TaEer) grRI
ARG aRRadefiear, frarr reuftr (Mg, F1s3)
SRT IR U4 s7ais faei™, M AFR T H1ST GRIGUia
(SIMTEUH3TR, HI3) GRT TR FAEc Ud RIART o ffor,
AR g (@) R e i, g dFR
(ermgent) gRT g RNt B e e wifadn, gl
AT (SIMTGUHIIR, Jo3) GRT b dRDII YU,
fedg ot (SMSIMETALIHR, lesebretn) GRT g (T +1),
glar Bt (emgar), e ekt (geefteme-
STETHAR), a7 &N GRI(SIAETHIAR, HaE)
gfsen -t U¥gl- AZTHATSST iR 3rmay
AHGR(UIaTag, CIAEUHAR, Hd3) GRI
TRTRIIGR e 3Nt W Aiege a7 &1 2020 ¥,
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TEMRT & BIRUT $H UTGIhH 1 G: IR fhar Tl 31 fedeR 2019 & 3ifcm fiifer 91 ugs & o M@ 732
TR 7 59 UTsahd & fosu ustieeur fopam o, 94 @ 3ng & of) 3rféres Uit Bt va favafieneal & dorr
G | Usiipel UferdRT Q2 & ST et sl 1 31T 8¢ o, Y o Uit faqent & e gu &1 3ifeps faeisii ud
AT BT ISR fIeRoT qarfal €1 e Sf. AT (3TRIeT) GRT UTSashH ol FaTe- (ol 1T |

¥-e-T (SWANtenna) 2020 ufenfiar & aRomg

SN 5 @M & IrEgER
2020 & 3P H Jfua fean
TIT o, FH a1 3R Acad
& fou Wfear & wmr @
et R 2g ST R A
3IRTE Wgl 7 30 R
2020 @1 3ifcH fofer de
1o+t wfaftar ST Yl 39 &
W UfeAr faewEi
e affa grr faegd
ATH ST U IA1YTiRa
TRICIER0T ax & f3g ard
TRl @l AT favar T o) Furtae |t & v IgATE g (Y@ e, sngenEd!, g v adam |
poufd, sHc fGeafdensa) o afif 5 Gaaftrm rdes (qd EF, THRITTRT-CIIEUHhaTR, gut, a9 5 ATffarg
o gu foeafdenesa H) 1fSid &, ereee! (gd e, 3R Us &, §iEus) e die (IR Harh W, Hex
iR ICAHI3e RTd 3 SBagi-asd, JATEMSe!, gt ) g UTes (|AfTeT e TtheR U8 aivs ASTER, Hearse Afdie
HexR, I @ AT (I, SRmELd) e 1 SR S o9 gl & RieiRer &, e ifeAr @t fesga
TICICIZY BT &1 Ahdl ¢ | TSI — IS, T ; Higsa dicsol (IR 1), gOT; Ud AR 3Rege 3h i
S Taiot, UfeaTet & o1 fEsTe fohg gu UfesTr o e Igf <= Sl o qartan i 21 Rierpl og @es e g

g1 SWANten R-2020 TR &1 e fopam |
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TR TS Hifdhl IR T o8 Isid IIcashd Pl
RIS 25 SHa™T | 10 3B 2021 & SR FEfIT &
Y PR AP TSR, YNC-Sidexs IdT Ud e
Bl & fou far T Suier vererf (smgedr) 7 20
ARG P JES b AT H TxR GSHITD! &
gRUTH R AR 5 5Tl 39 JEaT § TR gadhig
HEe UfRouuT, UesiR ¥ RSN Ud SE -l fAfehur, =YeiA
¥CR 3ffdRa, va e & st anfe fawr enfires 21
ygs 3 Reple fhy 8¢ AN &1 Fo b femET, Sui”

TR & ATl AT STl off Hi 731 Fafid v9 § SR S T8 Ud WY BT AT foha 7| UTdeshd & Q2T

R & TAfrT A1 I STHT 50 T Aot gU | UTSeishH bl Hales-T Heb1el SRTTIRITHT (3TTRIehT ) GIRT fopt T |

Mo a9 td @e 4ifad = aRearcae ureasa
PlSoT JEATTD! &b (3T @S IS Td TN Hifcrdht IR Uep 31is1g IRTITCHD UTSIshH T 3RS ot 1T, o

ITR-Yd & forerept R A9 e o 111 599 UTGehH T STRIIST fR180T STfRRTH dhg;, STgehT Ud doTgR faeafaenayd &
IS AT & TRIET U4 faeh<T o {5y SRt g (ICARD) GRT Wgeh o4 ¥ fohdl 71 27 STeR) A 8 3T 2021 %
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TN i MfS v anfiie &1 sl & o9 F fam= =1y (39 ~ad sRege, d1g), faue adt (arerct
faeqfaeres, Taract) Td AHep IRt T ga o Afban(QT | et A) anfies gul uirHfidl i 1 H SATepier b1
I IR g FCORIH, 3T AN TO-CIRGT R Ry, ¥ IR awar & e 1 &R 89 W g
ST (3T ) GIRT Th LI NI Bl JATATST fhT TT| UTGIhH b HRT b Y H &I Te18 HeARR! T SRS
fopaT 7| QT R | FIT 40 UFIRRY 7 3roeht sTeefier qurfeft, e o8 IR nfomrt STR-gd fasrr & ame 2
UTGRIShH T HaTes ot 3TEHg Ud Susalfl Mg (ST doryR faeafdenesa /) 3iR gar St dfsan gy fawan |

ARPIT 2020 gy & a2 (smyrRiY) amaf

ARPIT UTGIhH  H oNfiyes fhg 10 RIR T TREBIT TOTTedt A UTceiend &b 3iaefa fomedt off o & Aeifera west e,
S R 9T a3 & U A/ 2021 & UAF AFIR I ARPIT 2020 Uy 7 faQwsii & Arer qraeia & a5 &
RIS T 1T | UReRITeH e WMo fAsT™ Td WMoy ! Uraeeha & afararfi @ off 539 gTeashd & Agurf 819 & fou
ST feba TRITI S 1 b BRUT UTeIehH H QMM feby Y fasal oR ebreht Rrerep zrf g5, forieh! A 4 aged AR
SepTV R B | JATHICRAT QI 75— 375 Th T2 A1 I Gl 2 |
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RS BlSel, eHHE!, T 8§ G I T Ge
Wy fasr § v prRimST &1 RIS fopar T e
BHRIST BT o HuF I (3ft {hem ARSI Pl ), T
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(forega faremon & fosu @i aids 123, JATE 2020 <H | )
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T HIEdhe HANTSe] 31Tt $feaT &Y 381 sod & TR
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faTerent o fosq TG chg o fRTeroT Tfem™ g, 3TgenT
GRT o8 2020 A RIdaER 2020 & 3id da Aifecass T
3[ANTh SRR BT URTRT A U MT-ToTe UTSHehd
T 3TN T 71§ TG | ST ol (A
2T, TaRIgTIoTeD TrlfthfTest T TR MTesfdexiot
qq, B faeafdensd, dfesad) = ufeterds & wu § 3T
PRIMR F9ST o, 9 UIGahd & FaIsT P

ST (3T1gehT ) GIRT fehaT 71T 2T
(ot foramont & fosu @lias @ik 124, JTagak 2020 H | )

oA feoss ufenfar:

SWANtenna —-2020

9 HEMRY & SR frernt & fosu @Mies s dhg & fararor arfermy
&g, IMGHT gRT ft YIRT fohy ST %8 & R Iuawor o1 fEstre
IRAT UG qgueaTd ST FHEfUr avAr a1 R Suawor @ik / at
AR & AT YRYET0T H_AT MM T, ST HfATRRT Y ATt
15 |h T 911 I BRI B SUGEY Bl | b ard 3R Aead (SWAN)
& 2 & o9 H ASA SREHMGS Sl & o5y BI-Higpe=t
UfeT a1 fouTeH, I8 ft U Sueh o1, foRTest TR 31T Qs
(IUCAA) grRT 9 Rad gfrege ® fam T ATl SWANten R
2020 T® 9 URRNIAGT @ 98 2020 § Sf¥q fosar T e
SWANten TR UfCRITICT &7 ares 31faTeT Serars Ud SIosdt & o
RTEIHT GIRT fpT T T

(foreget fararont & fosU miles 3ich 124, 3TageR 2020 S 1)
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SWANtenna 2020 Hfe=nfdar & aRom

S {35 TS o STargaR 2020 o 3idh H Jferd T 1T A1, I afd 3R Aead & fosu UfeT & 9T a1 feuTed 3 &g
QY R H | 1SRTE FHg! 7 30 RAdeR 2020 6t sife fiifr de eroeht ufaf¥at Sy dit1 Sor & vReard i Qs B
fyoTres Afafr gRT foReIa STidesT IR JMeTRE TRIaR0T v o fo5U UTa HHgl ot ST fhaT 7T 2111 SWANten TR—
2020 TR &1 e f1aiehi &g TSI g GRT T 717 2|

(R faraon & fosu @i, @ik 125, Tagak 20213 1)
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T I vd @me Yifad =
uReaTeds ursTsy

BISST D! &b f5Y TS I v @ iferdht °
T JMHGET URIITHSD UISIhT Bl RN fhar Tan
R STR-gd & et i IR Ay e &z w59
UTGIshH Sl 3TN Q180T STfeRTH b, 3TRIeT T& oYY
freafdensa & WMo oM & IFHU™ @ fderT &
fo5U ey ds (ICARD) GRT Igh 24 A far T
27 SHER I 8 31 2021 & SR I ITSIehH RN
BT TITI qTIhH T AT o JTEHE U9 Duwdlfd
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fopar |
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VIR Wgd Al gRT fhy Q¢ =g

T @s H 9 2020-2021 & IRM GBI, WNSHIIS 3R Fag &l § 1w Tl gRT o
oy U SrgHamI @ Affifesd fohar w21 S1ftres STHeRT & o5y FuaT st Fwmor |

RESEARCH BY VISITING
ASSOCIATES

Sheelu Abraham

A machine learning approach for GRB detection in
AstroSat CZTI data

We present a machine learning (ML) based method
for automated detection of Gamma-Ray Burst
(GRB) candidate events in the range 60 keV
- 250 keV from the AstroSat Cadmium Zinc
Telluride Imager data. We use density-based
spatial clustering to detect excess power and carry
out an unsupervised hierarchical clustering across
all such events to identify the different light
curves present in the data. This representation
helps to understand the instrument’s sensitivity
to the various GRB populations and identify the
major non-astrophysical noise artefacts present
in the data. We use Dynamic Time Warping
(DTW) to carry out template matching, which
ensures the morphological similarity of the detected
events with known typical GRB light curves.
DTW alleviates the need for a dense template
repository often required in matched filtering
like searches. The use of a similarity metric
facilitates outlier detection suitable for capturing
previously unmodelled events. We briefly discuss
the characteristics of 35 long GRB candidates
detected using the pipeline and show that with
minor modifications such as adaptive binning, the
method is also sensitive to short GRB events.
Augmenting the existing data analysis pipeline
with such ML capabilities alleviates the need
for extensive manual inspection, enabling quicker
response to alerts received from other observatories
such as the gravitational-wave detectors. This work
has been done in collabration with Nikhil Mukund,
Ajay M. Vibhute, Vidushi Sharma, Shabnam
Iyyani, et al.

Gouri Ambika

Early warning signals indicate a critical transition
in Betelgeuse

Critical transitions occur in complex dynamical
systems when the system dynamics undergoes a
regime shift. These can often occur with a little
change in the mean amplitude of the system
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response prior to the actual time of transition.
The recent dimming and brightening event in
Betelgeuse occurred as a sudden shift in the
brightness and has been the subject of much
debate. Internal changes or an external dust cloud
have been suggested as reasons for this change
in variability. We examine whether the dimming
and brightening event of 2019-20 could be due to
a critical transition in the pulsation dynamics of
Betelgeuse by studying the characteristics of the
light curve prior to transition. We calculated the
quantifiers hypothesized to rise prior to a critical
transition for the light curve up to the dimming
event These included the auto-correlation at lag-1,
variance, and the spectral coefficient calculated
from detrended fluctuation analysis, in addition
to two measures that quantify the recurrence
properties of the light curve. Significant rises
are confirmed using the Mann-Kendall trend test.
We see a significant increase in all quantifiers
(p < 0:05) prior to the dimming event. This
suggests that the event was a critical transition
related to the underlying nonlinear dynamics of the
star. Together with results that suggest a minimal
change in Te and IR flux, a critical transition in
the pulsation dynamics might be a reason for the
unprecedented dimming of Betelgeuse. The rise in
the quantifiers we studied prior to the dimming
event supports this possibility. This work has
been in Collabration with Sandip V. George, Sneha
Kachhara, and Ranjeev Misra.

Multiplex recurrence networks from multi-lead ECG
data

We present an integrated approach to analyze
the multi-lead electrocardiogram (ECG) data using
the framework of multiplex recurrence networks
(MRNs).  We explore how their intralayer and
interlayer topological features can capture the
subtle variations in the recurrence patterns of
the underlying spatio-temporal dynamics of the
cardiac system. We find that MRNs from
ECG data of healthy cases are significantly more
coherent with high mutual information and less
divergence between respective degree distributions.
In cases of diseases, significant differences in
specific measures of similarity between layers are
seen. The coherence is affected most in the cases
of diseases associated with localized abnormality



such as bundle branch block. We note that it is
important to do a comprehensive analysis using all
the measures to arrive at disease-specific patterns.
Our approach is very general and as such can be
applied in any other domain where multivariate
or multi-channel data are available from highly
complex systems. This work has been done in
collaboration with Sneha Kachhara .

Bijan K. Bagchi

Ermakov-Pinney equation for time-varying masss
systems

We extend Fring-Tenney approach of constructing
invariants of constant mass time-dependent
systems to the case of a time-dependent mass
particle. From a coupled set of equations described
in terms of guiding parameter functions, we
track down a modified Ermakov-Pinney equation
involving a time-dependent mass function. As
a concrete example, we focus on an exponential
choice of the mass function. This work has been
done in collaboration with Achal Vinod.

Qualitative analysis of a classical double oscillator
model

A classical double oscillator model, that includes
in certain parameter limits, the standard harmonic
oscillator and the inverse oscillator, is interpreted
as a dynamical system. We study its essential
features and make a qualitative analysis of orbits
around the equilibrium points, period-doubling
bifurcation, time series curves, surfaces of section
and Poincare maps. An interesting outcome of
our findings is the emergence of chaotic behaviour
when the system is confronted with a periodic force
term like f coswt. This work has been done in
collaboration with Dibyendu Ghosh, and Lal M.
Saha.

Tanwi Bandyopadhyay

Bouncing cosmology for entropy corrected models
in Horava-Lifshitz gravity and fractal universe

The modified field equations are written in
logarithmic and power law versions of entropy
corrected models in Einstein’s gravity in the
background of FRW universe. In one section,
a brief review of the Horava-Lifshitz gravity is
discussed and the modified field equations in
logarithmic and power law versions of entropy
corrected models in Horava-Lifshitz gravity are
formulated. The stability analysis for these
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models are performed by describing the dynamical
system. In another section, a brief review of
the fractal universe is presented and the modified
field equations in logarithmic and power law
versions of entropy corrected models in fractal
universe are formulated. The stability analysis
for the dynamical system for these models in
the framework of fractal universe are described.
Furthermore, the bouncing scenarios of the
universe in Horava-Lifshitz gravity and fractal
model for both logarithmic and power law entropy
corrected versions in k£ = 0,41, —1 separately are
analyzed. For different cases, the validity of null
energy condition (NEC) at the time of bounce
is examined and the behaviours of the physical
quantities are depicted through diagrams. Finally,
the modifications in Newton’s law of gravitation is
discussed for the chosen models. This work has
been done in collaboration with Ujjal Debnath.

Arunima Banerjee

Determination of the relative inclination and the
viewing angle of an interacting pair of galaxies
using convolutional neural networks

Constructing dynamical models for interacting
galaxies constrained by their observed structure
and kinematics crucially depends on the correct
choice of the values of their relative inclination
(i), and viewing angle (f) (the angle between
the line of sight and the normal to the plane
of their orbital motion). We construct Deep
Convolutional Neural Network (DCNN) models to
determine the 7 and 0 of interacting galaxy pairs,
using N-body + Smoothed Particle Hydrodynamics
(SPH) simulation data from the GALMER
database for training. GalMer simulates only a
discrete set of ¢ values (0°,45°,75° and 90°) and
almost all possible values of 6 values in the range,
[—90°,90°]. Therefore, we have used classification
for ¢ parameter and regression for #. In order to
classify galaxy pairs based on their ¢ values only,
we first construct DCNN models for (i) 2-class (i =
0 °, 45°) (ii) 3-class (i = 0°,45°,90°) classification,
obtaining Fj scores of 99% and 98% respectively.
Further, for a classification based on both i and
0 values, we develop a DCNN model for a 9-class
classification using different possible combinations
of 7 and 6, and the Fj score is 97%. To estimate
0 alone, we have used regression, and obtained
a mean squared error value of 0.12. Finally, we
also tested our DCNN model on real data from



Sloan Digital Sky Survey. Our DCNN models could
be extended to determine additional dynamical
parameters, currently determined by trial and error
method. This work has been done in collaboration
with Prem Prakash, and Pavan K. Perepu.

Dynamical modelling of disc wvertical structure in
superthin galaxy ‘UGC 7321 in braneworld gravity:
An MCMC study

Low surface brightness (LSBs) superthins
constitute classic examples of very late-type
galaxies, with their disc dynamics strongly
regulated by their dark matter halos. We consider
a gravitational origin of dark matter in the brane
world scenario, where the higher dimensional Weyl
stress term projected onto the 3-brane acts as
the source of dark matter. In the context of the
braneworld model, this dark matter is referred
to as the ‘dark mass’. This model has been
successful in reproducing the rotation curves of
several low surface brightness and high surface
brightness galaxies. Therefore, it is interesting
to study the prospect of this model in explaining
the vertical structure of galaxies which has not
been explored in the literature so far. Using our
2-component model of gravitationally-coupled
stars and gas in the external force field of this dark
mass, we fit the observed scale heights of stellar
and atomic hydrogen (HI) gas of superthin galaxy
‘UGC7321" using the Markov Chain Monte Carlo
approach. We find that the observed scale heights
of ‘'UGC7321’ can be successfully modelled in the
context of the braneworld scenario. In addition,
the model predicted rotation curve, also matches
the observed one. The implications on the model
parameters are discussed. This work has been
done in collaboration with Aditya Komanduri,
Indrani Banerjee, and Soumitra Sengupta.

Sarmistha Banik

New equation of state involving Bose-Einstein
condensate of antikaon for supernova and meutron
star merger simulations

We have studied an X-ray transient source, 4U
1901+03 which has been classified as a Be-X-ray
binary based on its X-ray timing properties.
We compute a new equation of state table
including Bose-Einstein condensate of K~ mesons
for core collapse supernova and neutron star merger
simulations. Nuclei and interacting nucleons in
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non-uniform matter is described in an extended
version of the nuclear statistical equilibrium model
including excluded volume effects, whereas the
uniform matter at higher densities is treated in
the relativistic hadron field theory with density
dependent couplings. The equation of state table
is generated for a wide range of density (10712 to
~ 1 fm~3), positive charge fraction (0.01 to 0.60)
and temperature (0.1 to 158.48 MeV). The impact
of antikaon condensate is investigated on different
thermodynamic quantities, for example, free
energy per baryon, entropy per baryon, pressure
as well as compositions of matter. Furthermore,
critical temperatures of antikaon condensation and
the phase diagram of matter are also studied. This
work has been done in collaboration with Tuhin
Malik, and Debades Bandyopadhyay.

Prasad Basu

An improved approach to find the height of the
accretion disk

We propose an improved approach to find the
height of the accretion disks around Kerr black
holes. The vertical structure of the disk is obtained
using a relativistic continuity equation and finally,
the result is expressed in terms of the accretion
rate and flow parameters. For different models of
thin and slim disks, the expressions of the vertical
height of the accretion disk are also been reviewed
chronologically. ~ We further discuss the basic
assumptions, merits, and demerits of these models.
Compared to existing approaches, our analysis is
more self-consistent and less axiomatic. Further,
we find that disk height is directly proportional to
accretion rate, which could be important to find
out the vertical structure of the accretion disk in
different black hole accretion states in a hysteresis
cycle. This work has been done in collaboration
with Sangita Chatterjee, and Soumen Mondal.

Aru Beri

Evolution of timing and spectral characteristics of
4U 1901+08 during its 2019 outburst using the
Swift and NuSTAR observatories

In 2019, the X-ray transient source 4U 1901+03
underwent a very bright (with peak X-ray flux
of ~ 8x107? erg cm~2 s~!) and long (duration
of 6 months) Type-II outburst. During this
outburst, several multi-wavelength observations
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were performed as part of Simultaneous
Multiwavelength ~ Astronomy  Research  in
Transients NETwork (SmartNet) and 4U 1901403
was observed four times with Nuclear Spectroscopic
Telescope Array (NuSTAR), and several Swift
observations were made. In our work, we have used
Swift and NuSTAR observations. We performed
broadband spectroscopy in the 1-70 keV energy
band using four observations made with Swift and
NuSTAR at different intensity levels. Our timing
results reveal the presence of highly variable pulse
profiles dependent on both luminosity and energy.
Our spectroscopy results showed the presence of
CRSF at 30 keV, which is highly luminosity
and pulse-phase dependent. Phase-averaged
spectra during the last two observations, made
close to the declining phase of the outburst
showed the presence of this feature at around
30 keV. We also found that 30 keV feature was
significantly detected in the pulse-phase resolved
spectra of observations made at relatively high
luminosities. Non-detection of CRSF at certain
pulse phases is explained as a result of large
gradient of the magnetic field strength over the
visible column height or latitudes on the stellar
surface. Moreover, all spectral fit parameters
showed a strong pulse phase dependence. In line
with the previous findings, an absorption feature
at around 10 keV is significantly observed in the
phase-averaged X-ray spectra of all observations
and also showed a strong pulse phase dependence.
This work has been done in collaboration with
Tinku Girdhar, Nirmal K. Iyer, and Chandreyee
Maitra.

AstroSat observations of the first galactic ULX
pulsar Swift J0243.6+6124

Ultra-luminous  X-ray sources (ULXs) are
non-nuclear point-like objects with apparent
luminosities exceeding 10%° erg s™!. Coherent
X-ray pulsations were discovered from a ULX
in M82, thanks to the fast timing capability
of NuSTAR, making it the first ULX pulsar
(ULP). Currently, only a handful of ULPs
are known. Swift J0243.6+6124 is the first
Galactic ULP, and was observed with AstroSat
during its 2017-2018 outburst at both sub- and
super-Eddington levels of accretion with X-ray
luminosities of Lx~7x103" and 6x103® erg s™!,
respectively. Our broadband timing and spectral
observations show that X-ray pulsations at ~ 9.85 s
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have been detected up to 150 keV when the source
was accreting at the super-Eddington level. The
pulse profiles are a strong function of both energy
and source luminosity, showing a double-peaked
profile with pulse fraction increasing from ~ 10%
at 1.65 keV to 40—80 % at 70 keV. The continuum
X-ray spectra are well-modeled with a high energy
cut-off power law (y~ 0.6 — 0.7) and one or
two blackbody components with temperatures
of ~ 0.35 keV and 1.2 keV, depending on the
accretion level. No iron line emission is observed
at sub-Eddington level, while a broad emission
feature at around 6.9 keV is observed at the
super-Eddington level, along with a blackbody
radius (121—142 km) that indicates the presence of
optically thick outflows. This work has been done
in collaboration with Sachindra Naik, Kulider
P. Singh, Dipankar Bhattacharyya, Gulab C
Dewangan, et al.

Piyali Bhar

Study on anisotropic stars in the framework of
Rastall gravity

We investigate the existence of high dense compact
objects in the light of Rastall gravity theory. The
material content is driven by an imperfect fluid
distribution and the inner geometry is described by
the Tolman-Kuchowicz spacetime. The validity of
the obtained model is checked by studying the main
salient features, such as energy, density, radial and
tangential pressures, and anisotropy factor. Since
Einstein gravity theory shares the same vacuum
solution with Rastall gravity theory, the interior
geometry is joining in a smoothly way with the
exterior Schwarzschild’s solution. The equilibrium
of the model under different gradients is analyzed
by using the modified hydrostatic equilibrium
equation, containing the so called Rastall gradient.
The compact structure has a positive anisotropy
factor which enhances the balance and stability
mechanisms.  To check the potentially stable
behaviour, we employ Abreu’s and adiabatic index
criterion. It was found that the model is completely
stable. The incidence of the Rastall’s parameter ~
on all the physical quantities that characterize the
model is described by the help of graphical analysis.
Concerning the ~ spectrum, we have considered
0.3142 < v < 0.3157. All the results are compared
with the general relativity case. This work has been
done in collaboration with Francisco Tello-Ortiz,
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Angel Rincén, and Y. Gomez-Leyton.

Charged strange star with Krori-Barua potential in
f (R, T) gravity admitting Chaplygin equation of
state

A new compact star model in f(R,T) gravity
is obtained, where R and T denote the Ricci
scalar and the trace of energy momentum tensor
Ty, respectively. To develop the model, we
consider the spherically symmetric spacetime along
with anisotropic fluid distribution in the presence
of electric field with f(R,T) = R + 29T
where 7 is a small positive constant. We
have used the Chaplygin equation of state to
explore the stellar model. The field equations for
f(R, T) gravity have been solved by employing
the Krori- Barua ansatz. The exterior spacetime
is described by Reissner-Nordstrom line element
for smooth matching at the boundary. It is
worth while to mention here that the values
of all the constants involved with this model
have been calculated for the strange stars 4U
1538-52 for different values of v with the help
of matching conditions. The acceptability of the
model is discussed in detail both analytically and
graphically by studying the physical attributes
of matter density, pressures, anisotropy factor,
stability, etc. We have also obtained the numerical
values for central density, surface density, central
pressure and central adiabatic index for different
values of 7. The solutions of the field equations in
Einstein gravity can be regained by putting v = 0
to our solution. Moreover, the proposed model is
shown to be physically admissible and corroborate
with experimental observations on strange star
candidates such as 4U 1538-52.

Naseer I. Bhat

Unwveiling the broadband spectral and temporal
properties of PKS 0903-57 during its brightest flare

We carried a detailed spectral and temporal study
of blazar, PKS 0903-57 using the Fermi-LAT
and Swift-XRT/UVOT observations, during its
brightest flaring period MJD 58931-58970. During
this period, the maximum daily averaged ~v-ray
flux Fyi1_s500qey of 9.42 x 10~ Gphcm 2571 s
observed on MJD 58951.5, the highest ~-ray flux
detected from PKS 0903-57 till now. Several
high-energy (HE) photons (> 10GeV') consistent

with the source location at high probability (>99%)
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are detected, and the ~-ray light curve in the
active state shows multiple substructures with
asymmetric profile.  Neglecting the multi-band
variability in each of the selected time intervals,
we could reproduce their averaged broadband
SEDs with a one-zone leptonic model whose
parameters were derived with a y? - fit. We
found that the broadband SED during different
flux states can be reproduced by the synchrotron,
synchrotron-self-Compton (SSC), and External
Compton (EC) processes.  The seed photons
for EC process from BLR or IR torus provide
acceptable fits to the GeV spectrum in all the
flux states; however, the detection of HE photons
together with the equi-partition condition suggest
that the EC/IR process is a more likely scenario.
Further, a detailed comparison between the fit
parameters shows that the flux enhancement from
quiescent-state to the flaring-state is mostly related
to increase in the bulk Lorentz factor of the
emission region and change in the break energy of
the source spectrum. This work has been done in
collaboration with Zahir A. Shah, Vadakkumthani
Jithesh, and Sunder Sahayanathan.

Srijit Bhattacharjee

Displacement memory effect near the horizon of
black holes

We study the displacement memory effect and
its connection with the extended-BMS symmetries
near the horizon of black holes. There is
a permanent shift in the geodesic deviation
vector relating two nearby timelike geodesics
placed close to the horizon of black holes, upon
the passage of gravitational waves. We also
relate this memory effect with the asymptotic
symmetries near the horizon of asymptotic black
hole spacetimes. The shift of the relative position
of the detectors is shown to be induced by a
combination of BMS generators near the horizon.
The displacement memory effect near the horizon
possesses similarities to the same obtained in
the far region. This work has been done in

collaboration with Shilesh Kumar, and Arpan
Bhattacharyya.
Scalar  perturbations  of  black  holes in

Jackiw-Teitelbotm gravity

We study linear scalar perturbations of black
holes in two-dimensional (2D) gravity models



with a particular emphasis on Jackiw-Teitelboim
(JT) gravity. We obtain an exact expression
of the quasi-normal mode frequencies for single
horizon black holes in JT gravity, and then
verify it numerically using the Horowitz-Hubeny
method. For a 2D Reissner-Nordstrm like
solution, we find that the massless scalar wave
equation reduces to the confluent Heun equation,
using which we calculate the Hawking spectra.
Finally, we consider the dimensionally reduced
Baados-Teitelboim-Zanelli (BTZ) black hole and
obtain the exterior and interior quasi-normal
modes. The dynamics of a scalar field near the
Cauchy horizon mimics the behaviour of the same
for the usual BTZ black hole, indicating a possible
violation of the strong cosmic censorship conjecture
in the near extreme limit. However, quantum
effects seem to rescue strong cosmic censorship.
This work has been done in collaboration with
Subhodeep Sarkar, and Arpan Bhattacharyya.

Debbijoy Bhattacharya

Multiwavelength study of different flaring and
low-activity states of blazar 4C+21.35

Blazars, a class of active galactic nuclei, emit over
the entire accessible electromagnetic spectrum,
and modelling of their broad-band spectral energy
distribution (SED) is the key to constrain the
underlying emission mechanisms. Here, we report
the results on the one-zone leptonic emission
modelling carried out on the blazar 4C+21.35
using multiwavelength data spanning over the
period 2008-2018. Broad-band SED modelling
using y-ray data from Fermi-Large Area Telescope,
X-ray data from Swift-XRT and AstroSat, and
UV-optical data from Swift-UVOT, AstroSat, and
Catalina Real-Time Transient Survey was carried
out at seven different epochs, including three y-ray
flaring episodes and four quiescent periods (three
long-term averaged ones and one during AstroSat
observing period). Our SED modelling suggests
that two compact emission regions originating
at a different time outside the broad-line region
and moving away from the core with variation
primarily in the jet electron spectra can explain
the emission from the high-, moderate-, and
low-activity periods. The emissions from high-
and first low-activity states are likely to have
originated in the first region. The moderate-
and second low-activity states are likely due to
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the second emission region with fresh particle
acceleration/injection at a later time. This work
has been done in collaboration with Krishna
Mohan, Subir Bhattacharyya, Nilay Bhatt, and C.
S. Stalin.

Multiwavelength monitoring of NGC 1275 over a
decade: evidence of a shift in synchrotron peak
frequency and long-term multiband flux increase

We carried out a detailed study of the temporal
and broad-band spectral behaviour of one of the
brightest misaligned active galaxies in y-rays, NGC
1275, utilizing 11 years of Fermi data and the
available Swift and AstroSat observations. Based
on the cumulative flux distribution of the ~-ray
light curve, we identified four distinct activity
states and noticed an increase in the baseline flux
during the first three states. A similar nature of
increase in the average flux was also noticed in
the X-ray and UV bands. Strong flaring activity
in y-rays was noticed in the fourth state. The
source was observed twice by AstroSat for shorter
intervals (~days) during longer observing (~years)
states 3 and 4. During the AstroSat observing
periods, the source 7-ray flux was higher than
the average flux observed during longer duration
states.  The increase in average baseline flux
from state 1 to state 3 can be explained by
considering a corresponding increase of jet particle
normalization. The inverse Comptonization of
synchrotron photons explained the average X-ray
and ~-ray emission by jet electrons during the first
three longer duration states. However, during the
shorter duration AstroSat observing periods, a shift
of synchrotron peak frequency was noticed, and
the synchrotron emission of jet electrons explained
the observed X-ray flux well. This work has been
done in collaboration with Sanna Gulati, Subir
Bhattacharyya, Nilay Bhatt, C. S. Stalin, et al.

Ritabrata Biswas

Repulsive gravitational force and quintessence field
in f(T) gravity: How anisotropic compact stars in
strong energy condition behave

Recently literature is found to be enriched
with studies related to anisotropic behaviours of
different compact stars in the background of f(T")
gravity in different energy conditions. Quintessence
field, as local impacts of cosmic acceleration upon
the compact stars, is also very interesting in



recent studies. The quintessential field effects
on the compact stars (mainly on the neutron
stars with an wide range of mass distributions),
repulsive gravitational effects inside the compact
stars due to dark matter distribution in them,
charge distribution inside them in strong energy
condition, etc. are studied. All required equations
of motion using anisotropic property and concept
of Massachusetts Institute of Technology bag
model are acquired. Black holes surrounded by
quintessential matters which satisfy the additive
and linearity conditions, with the form of energy
tensors were proposed and the corresponding
metric was derived by Kiselev, V.V. The metric,
described by Krori, K. D. and Barua, J. with
Reissner-Nordstrom metric is compared to find
out the different numerical values of unknown
parameters. The numerical values are derived
and some important parameters like anisotropic
stress, adiabatic constant, surface redshift, electric
intensity, compactness factor, stability, etc. are
analysed deeply to get a clear idea for further study
on these types of stars and to understand their
nature. This work has been done in collaboration
with Mayukh Bandyopadhyay.

Posing constraints on the free parameters of a new
model of dark energy EoS : Responses through
cosmological behaviours

Since the late 1990s, observations of type Ia
supernova, our universe is predicted to experience
a late time cosmic acceleration.  Theoretical
support to this observations was intended to be
built via proposition of a hypothetical fluid which
staying inside the universe, and exerts negative
pressure. In this alley, a popular method is to
choose time dependent equation of state parameter
w = 2 and to parametrize it as a function of
redshif/‘g. Again, some common families of such
parametrizations are constructed, among which
different members justify different properties of
observed universe.  Mainly, these were model
dependent studies which comprise free parameters
to be constrained, by different observations. In this
work, a new expression for redshift parametrization
is considered, and we have constrain its free
parameters for two Hubble parameter vs redshift
data sets. These data sets are obtained depending
on two basic methodologies known as different
ages method and baryonic acoustic oscillation
method. Different confidence contours for our
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model are located under the constraints of said
data sets. Besides, different thermodynamic
parameters related to the evolution of our universe
are analysed. It is notified that our model indicates
towards a delayed dark matter model which mimics
EoS = —1(A) phenomena at the present epoch. It
is noticed that a possibility of future deceleration
may occur for this new model. Outcomes for both
the data sets are compared with each other. This
work has been done in collaboration with Promila
Biswas, and Parthajit Roy.

Subenoy Chakraborty

Does emergent scenario in Horava-Lifshitz gravity
demand a ghost field?

The non-singular model of the universe, i.e.,
emergent scenario is now very well known in
cosmology. In Einstein gravity, such type of
singularity free solution is possible in the context
of non-equilibrium thermodynamical prescription
(both in first and second order theory) with particle
creation mechanism. Also, there are various models
of emergent scenario in different gravity, theories.
The present work is a twofold attempt namely :
(i) it has been examined whether it is possible
to have singularity free solution in Hotrava-Lifshitz
modified gravity theory, and (ii) if such singularity
free solution exists then whether such solution is
thermodynamically viable. It is found that perfect
fluid matter distribution with phantom nature can
generate such type of solution for closed and flat
model. Finally thermodynamical analysis has been
studied both at the apparent horizon and at any
arbitrary horizon. This work has been done in
collaboration with Akash Bose.

Quantum cosmology with symmetry analysis for
quintom dark energy model

Quantum cosmology with quintom dark energy
model has been investigated in the present
work using symmetry analysis of the underlying
physical system. In the background of the
flat FLRW model, quintom cosmological model
has been studied using Noether symmetry, and
appropriate conserved charge is obtained. The
Wheeler-DeWitt (WD) equation is constructed on
the minisuperspace and solutions are obtained
using conserved charge. This work has been done in
collaboration with Sourav Dutta, and Muthusamy
Lakshmanan.
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Hum Chand

Intra-night optical wvariability of ~-ray detected
narrow-line Seyfertl galaxies

We report the first attempt to systematically
characterise intra-night optical variability (INOV)
of the rare and enigmatic subset of Narrow-Line
Seyfertl galaxies (NLSyls), which is marked by
detection in the ~-ray band and is, therefore,
endowed with Doppler boosted relativistic jets, like
blazars. However, the central engines in these two
types of AGN are thought to operate in different
regimes of accretion rate. Our INOV search in
a fairly large and unbiased sample of 15 ~-ray
NLSyls was conducted in 36 monitoring sessions,
each lasting > 3 hrs. In our analysis, special care
has been taken to address the possible effect on
the differential light curves, of any variation in the
seeing disc during the session, since that might lead
to spurious claims of INOV from such AGN due
to the possibility of a significant contribution from
the host galaxy to the total optical emission. A
duty cycle (DC) of INOV detection in the ~y-ray
NLSyls is estimated to be around 25% - 30%,
which is comparable to that known for blazars.
This estimate of DC will probably need an upward
revision, once it becomes possible to correct for
the dilution of the AGN’s non-thermal optical
emission by the (much steadier) optical emission
contributed not only by the host galaxy but also
the nuclear accretion disc in these high Eddington
rate accretors. Finally, we also draw attention
to the possibility that sharp optical flux changes
on sub-hour time scale are less rare for ~-ray
NLSyls, in comparison to blazars. This work has
been done in collaboration with Vineet Ojha, and
Gopal-Krishna.

A comparison of X-ray photon indices among the
narrow- and broad-line Seyfert 1 galaxies

We present a detailed comparative systematic
study using a sample of 221 narrow-line Seyfert
1 (NLSyl) galaxies in comparison to a redshift
matched sample of 154 broad-line Seyfert 1
(BLSyl) galaxies based on their observations
using ROSAT and/or XMM-Newton telescopes in
soft X-ray band (0.1-2.0 keV). A homogeneous
analysis is carried out to estimate their soft X-ray
photon indices (I'} ) and its correlations with other
parameters of nuclear activities such as Eddington
ratios (Rgqgq), bolometric luminosities (L), black
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hole masses (Mpy) and the widths of the broad
component of HJ lines (FWHM(Hf3)). We found
clear evidence of the difference in the I'S, and Rgaq
distributions among NLSyl and BLSyl galaxies,
with steeper I'y, and higher Rgqq for the former.
Such a difference also exists in the spectral indices
distribution in hard X-ray(I'%), based on the
analysis of 53 NLSyl and 46 BLSyl galaxies in
the 2-10 keV energy band. The difference in
REqq distributions does exist even after applying
the average correction for the difference in the
inclination angle of NLSyl and BLSyl galaxies.
We also estimated Rgqq, based on SED fitting of
34 NLSyl and 30 BLSyl galaxies over the 0.3-10
keV energy band and found that results are still
consistent with Rgqq estimates based on the optical
bolometric luminosity. Our analysis suggests
that the higher Rggqq in NLSyl is responsible
for its steeper X-ray spectral slope compared to
the BLSy1, consistent with the disc-corona model
as proposed for the luminous AGNs.  These
observations have been done in collaboration with
Vineet Ojha, Gulab C. Dewangan, and Suvendu
Rakshit.

Ramesh Chandra

Variation of chromospheric features as a function
of latitude and time using Ca-K spectroheliograms
for solar cycles 15 - 23: Implications for meridional

flow

We have analyzed the Ca-K images obtained at
Kodaikanal Observatory as a function of latitude
and time for the period of 1913 - 2004 covering
solar cycles 15 to 23. We have classified
the chromospheric activity into plage, Enhanced
Network (EN), Active Network (AN), and Quiet
Network (QN) areas to differentiate between large
strong active and small weak active regions. The
strong active regions represent toroidal and weak
active regions poloidal component of the magnetic
field. We find that plage areas mostly up to 50°
latitude belt vary with about 11-year solar cycle.
We also find that a weak activity represented by
EN, AN and QN varies with about 11-year with
significant amplitude up to about 50 ° latitude
in both hemispheres.  The amplitude of the
variation is minimum around 50 ° latitude and
again increases by a small amount in the polar
region. In addition, the plots of plages, EN,
AN and QN as functions of time indicate the



337
T ufdes

2020-21

maximum of activity at different latitude occur at
different epoch. To determine the phase difference
for the different latitude belts, we have computed
the cross-correlation coefficients of other latitude
belts with the 35° latitude belt. We find that
the activity shifts from mid-latitude belts towards
equatorial belts at high speed at the beginning
of a solar cycle and at lower speed as the cycle
progresses. The speed of the shift varies between
~19 and 3 (ms~1) considering all the data for the
observed period. This speed can be linked with
the speed of meridional flows, believed to occur
between convection zone and the surface of the
Sun. This work has been done in collaboration
with Pooja Devi, Jagdev Singh, Muthu Priyal, and
Reetika Joshi.

Observations of a eruption and loop contraction

Prominence eruptions provide key observations to
understand the launch of coronal mass ejections
as their cold plasma traces a part of the unstable
magnetic configuration. We select a well observed
case to derive observational constraints for eruption
models. We analyze the prominence eruption
and loop expansion and contraction observed
on 02 March 2015 associated with a GOES
M3.7 class flare (SOL2015-03-02T15:27) using
the data from Atmospheric Imaging Assembly
(ATA) and the Reuven Ramaty High Energy
Solar Spectroscopic Imager (RHESSI). The source
region is a decaying bipolar active region where
magnetic flux cancellation is present for several
days before the eruption. AIA observations locate
the erupting prominence within a flux rope viewed
along its local axis direction. We identify and
quantify the motion of loops in contraction and
expansion located on the side of the erupting flux
rope. Finally, RHESSI hard X-ray observations
identify the loop top and two foot-point sources.
Both AIA and RHESSI observations support the
standard model of eruptive flares. The contraction
occurs 19 min after the start of the prominence
eruption indicating that this contraction is not
associated with the eruption driver.  Rather,
this prominence eruption is compatible with an
unstable flux rope, where the contraction and
expansion of the lateral loop is the consequence
of a side vortex developing after the flux rope is
launched. These observations have been done in
collaboration with Pooja Devi, Pascal Demoulin,
Reetika Joshi, Brigitte Schmieder, et al.
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Suresh Chandra

Investigation of hydrogen peroxide (HaQOs) in the
interstellar medium

In view of the important role of hydrogen
peroxide (H2Os2) in the chemistry of ozone layer
in troposphere, and as an oxidizer on the planet
Mars, its investigation has been carried out from
time to time. It has been detected in the cold
environment of a star-forming region towards p
Oph A. Following the selection rules, in the
ground vibrational state, its ro-torsional levels may
be classified into four distinct groups. Using
the spectroscopic information (rotational and
centrifugal distortion constants, and electric dipole
moment), we have calculated energies of the lower
50 levels of each group, and the radiative transition
probabilities for the transitions between the levels.
Using these radiative transition probabilities along
with the collisional rate coefficients (obtained with
the help of a scaling law) we have solved, for each
group, a set of 50 statistical equilibrium equations
coupled with the equations of radiative transfer and
have found 16 lines showing anomalous absorption.
In addition to 4 detected lines, 24 lines are found
to show emission feature. All these lines may play
a significant role for the identification of HyOs5 in
the interstellar medium.

Suggestion for the search of diisocyanomethane
(CNCHyNC) in the cosmic object:  Potential
spectral lines

Finding several molecules having cyanide group
(-C=N) and isocyanide group (-N=C), scientists
searching for life in the universe, are interested
in the molecules having two cyanide or isocyanide
groups. Diisocyanomethane (CNCH2NC) having
two isocyano groups is an interesting candidate
for the astronomers, though it has not been
detected in any cosmic object. However, three
organic isocyanides (HNC, CH3NC, HCCNC) have
been found in the interstellar medium (ISM).
Submillimeter wave spectrum of CNCH;NC is
analyzed by spectroscopists, so that it could be
searched in the ISM. For searching CNCH;NC
in a cosmic object, information about its strong
spectral lines is essential. The rotational levels
of CNCHyNC can be classified into two species.
The energies of lower 250 rotational levels up to
108 cm~!, in the ground vibrational state, and
the radiative transition probabilities for rotational



transitions in each species are calculated by using
the values of rotational and centrifugal distortion
constants along with the electric dipole moment.
A set of statistical equilibrium equations coupled
with the equations of radiative transfer is solved
by using the radiative transition probabilities and
the scaled values of collisional rate coefficients as
input data. For each species, we have found
two transitions showing emission feature and four
transitions showing anomalous absorption. These
12 transitions may help in the detection of
CNCH2NC in a cosmic object.

Ayan Chatterjee

Marginally — trapped  surfaces in  spherical

gravitational collapse

This work deals with a detailed study of horizons
during the gravitational collapse of dust and
viscous fluids, under the assumptions of spherical
symmetry. The formation and time evolution of
collapsing shells, spherically symmetric marginally
trapped tubes, as well as the event horizon are
determined and compared through analytical and
numerical techniques.  Using different density
profiles of matter, we analyze how the nature
of these marginally trapped surfaces modify as
we change the energy-momentum tensor. These
studies reveal that depending on the mass function
and the mass profile, it is possible to envisage
situations where dynamical horizons, timelike
tubes, or isolated horizons arise. This work has
been done in collaboration with Amit Ghosh, and
Suresh C. Jaryal.

Ezponential corrections to black hole entropy

Using the quasi-local properties alone we show that
the area spectrum of a black hole horizon mut
be discrete, independent of any specific quantum
theory of gravity. The area spectrum is found to
be half-integer spaced with values 8’%%17 , where
j € N/2. We argue that if microstate counting
is carried out for quantum states residing on
the horizon only, correction of exp(—.A/4¢%) over
the Bekenstein-Hawking area law must arise in
black hole entropy. This work has been done in
collaboration with Amit Ghosh.
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Ritaban Chatterjee

Blazar variability: A study of non-stationarity and
the fluz-RMS relation

We analyze X-ray light curves of the blazars
Mrk 421, PKS 2155-304, and 3C 273 using
observations by the Soft X-ray Telescope on board
AstroSat and archival XMM-Newton data. We use
light curves of length 30-90 ks each from 3-4 epochs
for all three blazars. We apply the auto-regressive
integrated moving average (ARIMA) model, which
indicates the variability is consistent with short
memory processes for most of the epochs. We show
that the power spectral density (PSD) of the X-ray
variability of the individual blazars are consistent
within uncertainties across the epochs.  This
implies that the construction of broadband PSD
using light curves from different epochs is accurate.
However, using certain properties of the variance
of the light curves and its segments, we show
that the blazars exhibit hints of non-stationarity
beyond that due to their characteristic red noise
nature in some of those observations. We find a
linear relationship between the root-mean-squared
amplitude of variability at shorter times cales and
the mean flux level at longer time scales for light
curves of Mrk 421 across epochs separated by
decades as well as light curves spanning 5 days
and ~10 yr. The presence of flux-rms relation over
very different time scales may imply that, similar
to the X-ray binaries and Seyfert galaxies, longer
and shorter time scale variability are connected in
blazars. This study has been done in collaboration
with Souradip Bhattacharyya, Ritesh Ghosh, and
Nabanita Das.

Surajit Chattopadhyay

Reconstructed f(R) gravity and its cosmological
consequences in chameleon scalar field with a
scale factor describing the pre-bounce ekpyrotic
contraction

The present study reports a reconstruction
scheme for f(R) gravity with the scale factor
a(t) o (tx — t)c%, describing the pre-bounce
ekpyrotic contraction, where ¢, is the big crunch
time. The reconstructed f(R) is used to derive
expressions for density and pressure contributions
and the equation of state parameter resulting
from this reconstruction is found to behave like
” quintom”. It has also been observed that



the reconstructed f(R) has satisfied a sufficient
condition for a realistic model. In the subsequent
phase, the reconstructed f(R) is applied to the
model of chameleon scalar field and the scalar
field ¢ and the potential V(@) are tested for
quasi-exponential expansion. It has been observed
that although the reconstructed f(R) satisfies one
of the sufficient conditions for realistic model, the
quasi-exponential expansion is not available due
to this reconstruction. Finally, the consequences
pre-bounce ekpyrotic inflation in f(R) gravity are
compared to the background solution for f(R)
matter bounce. This work has been done in
collaboration with Soumyodipta Karmakar, Kairat
Myrzakulov, and Ratbay Myrzakulov.

Cosmology of Tsallis holographic scalar field models
in Chern-Simons modified gravity and optimization
of model parameters through x> minimization

The present study reports reconstruction schemes
for tachyon, k-essence and dilaton scalar field
model of Dark Energy (DE) through Tsallis
holographic dark fluid under the framework of
Chern-Simons modified gravity. Reproducing
the conservation equation for a coupled model
with interaction term @Q = 3Hb?p,,, we have
reconstructed the different scalar fields and
the corresponding potentials. In the case of
tachyon, ACDM fixed point is attained under
this cosmological settings. Considering k-essence
in this interacting situation we have derived
some constraints on the interaction term as well
as Tsallis holographic dark energy parameter.
Reconstructing dilaton scalar field we have studied
the behaviour of scalar field and potential. In
all these cases, the reconstructed Equation of
State (EoS) parameters have been plotted and
when computed for current universe z = 0 are
found to be consistent with various observational
data including Planck + WP + BAO. The only
exception is a particular case of reconstructed
k-essence model where phantom behaviour is
apparent, but its numerical value is deviated from
the bounce set by the observations. Finally, we
have developed a functional relationship between
Hubble parameter and redshift and optimized the
parameter values through x? minimization using
the observed Hubble parameter values from Hai Yu,
et al. 2018, ApJ, 856, 3. This work has been done
in collaboration with Gargee Chakraborty.
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Tanuka Chattopadhyay

A study on the formation of field, binary or
multiple stars: A 2D approach through dynamical
system

A dynamical model has been developed to
envisage the star formation scenario in filamentary
molecular clouds. In the present work, a double
well potential has been considered to find the
number of stable stationary points as the origin
of field star, binary stars or stellar associations.
It is found that low density structure can lead to
the formation of field stars while an intermediate
density structure is favourable for formation of
binary stars. Stellar associations are generally
prevalent in dense filamentary molecular clouds.
This work has been done in collaboration with
Ashok Mondal, and Anisha Sen.

of the
star

of galactic and
through  simulated

origin
clusters

Ezploration
extragalactic
H-R diagrams

This work explores the origin of the formation
of star clusters in our Galaxy and in the
Small Magellanic Cloud (SMC) through simulated
H-R diagrams and compare those with observed
star clusters. The simulation study produces
synthetic H-R diagrams through the Markov
Chain Monte Carlo (MCMC) technique using
the star formation history (SFH), luminosity
function (LF), abundance of heavy metal (Z),
and a big library of isochrones as basic inputs
and compares them with observed H-R diagrams
of various star clusters. The distance-based
comparison between those two diagrams is carried
out through two-dimensional matching of points
in the colour-magnitude diagram (CMD) after the
optimal choice of bin size and appropriate distance
function. It is found that in a poor medium of
heavy elements (Z = 0.0004), the Gaia LF along
with a mixture of multiple Gaussian distributions
of the SFH may be the origin of formation of
globular clusters (GCs). On the contrary, an
enriched medium (Z = 0.019) is generally favoured
with the Gaia LF along with a double power law or
Beta-type (i.e., unimodal) SFH, for the formation
of globular clusters. For SMC clusters, the choice
of an exponential LF and exponential SFH is the
proper combination for a poor medium, whereas
the Gaia LF with a Beta-type SFH is preferred
for the formation of star clusters in an enriched
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medium. This work has been carried out with
Sreerup Mondal, Suman Paul, Subhadip Maji, and
Asis Chattopadhyay.

Himadri S. Das

The Umov effect in cosmic dust analogue fluffy
aggregates

We investigate the effect of porosity in the
Umov effect for the first time wusing the
aggregate dust model.  Three different types
of fractal aggregates: Dballistic agglomeration
(BA), ballistic agglomeration with one migration
(BAM1), and ballistic agglomeration with two
migrations (BAM2) having porosities 0.87, 0.74
and 0.64, respectively (which have the same
characteristic radius ~ 1pm) are considered in
our simulations. Using the multi-sphere T-matrix
(MSTM) code, maximum positive polarization
(Pmaz) and geometric albedo (A) are calculated
for three different fractal aggregated structures
considering amorphous silicate composition. Then
P and A are plotted against each other in
logarithmic scale, which shows a linear inverse
correlation and a strong porosity dependence.
Further, we explore the effect of aggregate size
parameter and the effect of composition in the
Umov diagram for particles larger than the
wavelength of incident radiation.  This work
has been done in collaboration with Ayesha M.
Mazarbhuiya, and Prithish Halder.

Shyam Das

Modeling of compact stars: — An anisotropic

approach

We present a new class of singularity free interior
solutions relevant for the description of realistic
anisotropic compact stellar objects with spherically
symmetric matter distribution. In this geometric
approach, specific choices of one of the metric
functions and a selective anisotropic profile allow
us to develop a stellar model by solving Einstein
Field equations. The interior solutions, thus,
obtained are matched with the Schwarzschild
exterior metric over the bounding surface of a
compact star. These matching conditions together
with the condition that the radial pressure
vanishes at the boundary are used to fix the
model parameters. The different physical features
for the developed model explicitly studied from
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the aspect of the pulsar 4U1820 — 30 with its
current estimated data (mass = 1.58 M® and
radius = 9.1 km). Analysis has shown that all
the physical aspects are acceptable demanded
for a physically admissible star and satisfy all
the required physical conditions. The stability
of the model is also explored in the context of
causality conditions, adiabatic index, generalized
Tolman-Oppenheimer-Volkov  (TOV)  equation,
Buchdahl Condition and Herrera Cracking
Method. To show that the developed model is
compatible with a wide range of recently observed
pulsars, various relevant physical variables are
also highlighted in tabular form. Assuming a
particular surface density (7.5 x 10 gm em™3),
the mass-radius (M — b) relationship and the
radius-central density relationship (b — p(0)) of
the compact stellar object are analyzed for this
model. Additionally, comparing the results with a
slow rotating configuration, we have also discussed
moment of inertia and the time period using
Bejger-Haensel idea. This work has been done
in collaboration with Ksh. Newton Singh, Lipi
Baskey, Farook Rahaman, and Anil K. Aria.

Anisotropic compact stellar model of embedding
class-1 satisfying Karmarkar’s condition in Vaidya
and Tikekar spheroidal geometry

Making use of the Vaidya and Tikekar (VT)
metric ansatz for one of the metric functions
grr, we obtain the unknown metric function g
by utilizing the Karmakar’s embedding condition.
The model parameters are fixed by using the
matching conditions of the interior spacetime
and the exterior Schwarzschild spacetime at the
boundary of the star where the radial pressure
vanishes. The closed-form interior solution of the
Einstein field equations, thus, obtained is shown
to be capable of describing observed pulsars like
4U1820 — 30. The current estimated masses and
radii of some other pulsars are also utilized to
show that the developed model meets all the
requirements of a realistic star. The dependence
of the curvature parameter K of the VT model,
which characterizes a departure from homogeneous
spherical distribution, is investigated in the context
of the mass-radius relationship of a compact star.
This work has been done in collaboration with
Ranjan Sharma, Koushik Chakraborty, and Lipi
Baskey.
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Ujjal Debnath

Thermodynamics of FRW universe: Heat engine

We assume the cosmological horizon as a inner
trapping horizon, which is treated as dynamical
apparent horizon of FRW universe. We write
the dynamical apparent horizon, radius and
temperature on the apparent horizon. We
assume that the fluid pressure as thermodynamical
pressure of the system. Using Hayward’s
unified first law, Clausius relation and Friedmann
equations with cosmological constant, we obtain
the entropy on the apparent horizon. We
assume that the cosmological constant provides
the thermodynamic pressure of the system.
We obtain the entropy, surface area, volume,
temperature, Gibb’s Helmholtz’s free energies,
specific heat capacity of the FRW universe due
to the thermodynamic system. We study the
Joule-Thomson expansion, and by evaluating the
positive sign of Joule-Thomson coefficient, we
determine that the FRW universe obeys the cooling
nature. We also find the inversion temperature and
inversion pressure. For Carnot cycle, we obtain
the work done and the maximum efficiency. Also
for new engine, we study the work done and its
efficiency.

Constraining the parameters of modified Chaplygin
gas in Brans-Dicke theory

We have explored the modified Chaplygin gas
(MCG) in the background of Brans-Dicke theory
in presence of radiation and dark matter. We
have assumed that the MCGQG, radiation and dark
matter are conserved separately. To investigate
the fitting observational data, we constrain the
model using current observations and then compare
with ACDM model in Einstein’s gravity and in
BD theory using the information criteria (AIC
and BIC). We have used the JLA sample of
SNIa observation, Planck 2015 data of CMB
observation, BAO data and Hubble constant H
measurement. The best fit parameters for ACDM
model and MCG model in BD theory are obtained
by SNIa+CMB+BAO+H, joint data analysis.
Also, the minimum values of x? function have been
calculated. We have plotted the contour figures for
different confidence levels 66%, 90% and 99% in
ACDM model and MCG model separately. Finally,
we have analyzed AAIC and ABIC for ACDM
and MCG models in Einstein’s gravity and in BD
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theory.

Shantanu Desai

Constraints on the wvariation of fine structure
constant from joint SPT-SZ and XMM-Newton
observations

We search for a variation of the electromagnetic
fine structure constant (a = e?/Ac) using a sample
of 58 SZ selected clusters in the redshift range
(0.2 < z < 1.5) detected by the South Pole
Telescope, along with X-ray measurements using
the XMM-Newton observatory. We use the ratio
of the integrated SZ Compto-ionization to its X-ray
counterpart as our observable for this search. We
first obtain a model-independent constraint on « of
about 0.7%, using the fact that the aforementioned
ratio is constant as function of redshift. We then
look for logarithmic dependence of o as a function
of redshift: Aa/a = —vIn(l + 2), as this is
predicted by runaway dilaton models. We find
that v = —0.046 &+ 0.1, which indicates that there
is no logarithmic variation of « as a function of
redshift. We also search for a dipole variation of
the fine structure constant using the same cluster
sample. We do not find any evidence for such a
spatial variation. This evaluation has been done in
collaboration with Kamal Bora.

Yet another test of radial acceleration relation for
galazy clusters

We carry out a test of the radial acceleration
relation (RAR) for galaxy clusters from two
different catalouegs compiled in literature, as an
independent cross-check of two recent analyses,
which reached opposite conclusions. The datasets
we considered include a Chandra sample of 12
clusters and the X-COP sample of 12 clusters.
For both the samples, we find that the residual
scatter is small (0.11-0.14 dex), although the
best-fit values for the Chandra sample have large
error bars. Therefore, we argue that at least
one of these cluster samples (X-COP) obeys the
radial acceleration relation. However, since the
best-fit parameters are discrepant with each other
as well as the previous estimates, we argue that
the RAR is not universal. For both the catalouegs,
the acceleration scale, which we obtain is about
an order of magnitude larger than that obtained
for galaxies, and is agreement with both the
recent estimates. This work has been done in



collaboration with S. Pradyumnaa, Sajal Gupta,
and Sowmya Seerama.

Shanti P. Devarapalli

Photometric investigation of eight wultra-short
period eclipsing binaries from OGLE

We performed a detailed photometric analysis
of eight wultra-short period eclipsing binaries
(USPEBSs) using the Wilson-Devinney method. We
presented the modelled light curves and derived
photometric solutions. The USPEBs with period
(P) <0.21d considered in our study belong
to W-subtype having - shallow contact factor
(f)<~ 20%, high mass ratios (q)>~ 0.7, and later
spectral types. The absolute parameters for
these short-period binaries were derived using
empirical relations. We discussed the evolutionary
stage of these USPEBs using the mass-radius,
colour-density, and period-colour diagrams. The
objects showed poor metallicities, and some
objects were even found to be existing around
fully convective limits. The period distribution
of USPEBs exhibited a sharp cut-off at 0.22
days; however, we observed significant deficits
for our objects in the literature. We examined
the statistics of USPEBs studied to date (in
terms of the distribution of period, mass
ratio, and component temperatures of USPEBSs),
and observed that a dominant distribution of
component temperatures of these USPEBs was
towards lower temperatures. This work has been
done in collaboration with P. Ravi Raja, Rukmini
Jagirdar, M. Raghu Prasad, and Vinit Thomas.

Moon M. Devi

DIREXENO-An  apparatus — for  measuring
correlated scintillation signatures in liquid xenon

We present a detector apparatus, DIREXENO
(DIREctional XENOn), designed to measure the
spatial and temporal properties of scintillation in
liquid xenon to very high accuracy. The properties
of scintillation are of primary importance for
dark matter and neutrinoless double beta
decay experiments; however, the complicated
microphysics involved limits theoretical
predictions. We explore the possibility that
scintillation emission exhibits spatial correlations
such as super-radiance, which manifests in
temporal and spatial structure, depending on the
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interaction type. Such properties of scintillation
light may open a new window for background
rejection as well as directionality measurements.
We present the apparatus’ technical design and
the concepts driving it. We demonstrate that for
an energy deposition of ~ 2.5 keV (~ 7.5 keV)
electron (nuclear) recoil the detector is sensitive
to an anisotropy fraction of as little as ~ 20%
of the total photons emitted over a solid angle
of ~ 0.85 steradian or less. We show results
from commissioning runs in which the detector
operated with 17 PMTs for over 44 days in stable
conditions. The time resolution for individual
photons in different PMTs was measured to be
< 1.4 ns full-width at half-maximum. This work
has been done in collaboration with Ran Itay, P.Z.
Szabo, G. Koltman, M. Shutman, et al.
Supernova model discrimination with
Hyper-Kamiokande; HK collaboration

Core-collapse supernovae are among the most
magnificent events in the observable universe.
They produce many of the chemical elements
necessary for life to exist and their remnants —
neutron stars and black holes — are interesting
astrophysical objects in their own right. However,
despite millennia of observations and almost a
century of astrophysical study, the explosion
mechanism of core-collapse supernovae is not
yet well understood. Hyper-Kamiokande is a
next-generation neutrino detector that will be able
to observe the neutrino flux from the next galactic
core-collapse supernova in unprecedented detail.
We focus on the first 500 ms of the neutrino
burst, corresponding to the accretion phase, and
use a newly-developed, high-precision supernova
event generator to simulate Hyper-Kamiokande’s
response to five different supernova models.
We show that Hyper-Kamiokande will be able
to distinguish between these models with high
accuracy for a supernova at a distance of up to 100
kpc. Once the next galactic supernova happens,
this ability will be a powerful tool for guiding
simulations towards a precise reproduction of the
explosion mechanism observed in nature.

Vijayakumar H. Doddamani
A study of magnetic imprints of solar flares

We made a systematic analysis of flare related
changes of photospheric magnetic properties



during 12 flares using the high cadence of
135 s vector-magnetogram data obtained from
Helioseismic Magnetic Imager on-board Solar
Dynamics Observatory. We observed the change
of Lorentz force implied by the rapid step-wise
enhancement of the horizontal component of
magnetic field during all flares in the sample. The
integrated change of fields and total change of
Lorentz force over an area signifying the strength of
magnetic imprints are well correlated with the flare
strength and the CME momentum. It is found that
the strength of magnetic imprints are not stronger
for eruptive flares in comparison with non-eruptive
flares. Further, the temporal evolution of magnetic
energy of the source active regions exhibit the
nearly step-wise decrease of magnetic free energy
during the flares. The amount of decrease in
free energy during the flares has a strong positive
correlation (0.8) with downward impulse resulted
from the total change of Lorentz force indicating
that the part of energy released during flares would
penetrate into the photosphere. These results
strongly favour the idea of significant feedback
from corona on the photospheric magnetic field
during flares. On contrary to these results, we
observed the simultaneous step-wise increase and
decrease of horizontal magnetic field during flares
led to the cancellation of impulsive Lorentz force,
thought to provide the CME momentum. These
contradictions indicate that present understanding
of flare associated magnetic field changes is limited
and hints the need of further improvement of
coronal implosion model. This study has been
done in collaboration with N. Vasantharaju, P.
Vemareddy, and B. Ravindra.

UV Spectroscopic study of PG 1634+706 and PG
1241+176 using IUE Data

We present our results on the UV continuum
variability studies of two QSOs PG 1241 + 176
(z = 1.27), and PG 1634 + 706 (z = 1.33) using
the final archival data. In PG 12414176, we
have found the values of R,,4» and Fuer to 1.23,
1.12, 1.14, 1.11, and 7 %, 4 %, 6 %, and 4 %
respectively corresponding to the UV continuum
windows 1050-1100 A, 1170-1190 A, 1280-1300 A,
1320-1340 A, and 1360-1380 A. The decrease in
variability amplitude with increasing wavelength
resembles the similar variability pattern observed
in many actives galaxies such as NGC 4151, NGC
7469 and NGC 5548 observed by IUE in UV region,
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optical region by many ground based telescopes and
in X-rays by space bound observatories like ROSAT
and GINGA. In PG 16344706, the values of R4z
and F,4, have been found to be 1.5, 2.6, 1.8, and
2.1, and 10 %, 29 %, 13 % and 29 % for the UV
continua at 1075 A, 1180 A, 1290 A, 1330 A, and
1370 A respectively. PG 1634+706 has exhibited
non-trendy continuum variability pattern in Ry,
and F,,, parameters. A detailed discussion on the
UV data, analysis and the significance results on
high redshift UV observations are presented in this
paper. This study has been done in collaboration
with Bryan R. Miranda, and P. Vedavathi.

Broja G. Dutta

Time-domain  variability — properties of XTE
J1650500 during its 2001 outburst: FEwvidence of
discjet connection

The evolution of variability properties of galactic
transient sources is a diagnostic tool to understand
various regimes of the accretion flow and its
dynamics close to the central black hole. In
this work, we concentrate on the variability
properties of the X-ray transient XTE J1650500,
and investigate the evolution of viscous delay, time
lag, quasi-periodic oscillation (QPO) frequency,
and their energy dependence throughout the rising
phase as observed by Rossi X-ray Timing Explorer
(RXTE) during its outburst in 2001. Our analysis
reveals, (i) a delay of 12 + 1 d between 1 d-averaged
hard (512 keV) and soft (1.53 keV) photon light
curves as observed by RXTE/ASM; (ii) QPOs
with high rms values are observed in lower energy
(48 keV) range; (iii) the QPO frequencies and
associated time lags were anticorrelated during the
initial days of the rising phase, and later on, they
were found to be correlated; and (iv) the time
lags of Fe-line photons with respect to hard and
soft photons remained almost constant during the
initial days of hard state and the lag magnitude
increased during the state transition. We perform
comparative studies with outbursts of GX 3394
and XTE J1550564. We find the evolution of time
lags associated with the QPO characteristics during
the outburst stronger QPOs at low energy and
constant lags of broad Fe-line photons present a
unique nature of outburst profile in XTE J1650500.
The possible cause of such variabilities is explained
by considering discjet geometry closer to the
central black hole. This work has been done in
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collaboration with Arka Chatterjee, Prantik Nandi,
and Sandip K. Chakrabarti .

Jibitesh Dutta

Cosmological solutions and growth index of matter
perturbations in f(Q) gravity

We study one of Einstein’s alternative formulations
based on the non-metricity scalar () generalized
as f(Q) theory. More specifically, we consider
the power-law form of f(Q) gravity, i.e., f(Q) =
Q + aQ". Here, we analyze the behaviour of
the cosmological model at the background and
perturbation level. At the background level, the
effective evolution of the model is the same as
that of the ACDM for |n| < 1. Interestingly,
the geometric component of the theory solely
determined the late-time acceleration of the
universe. We also examine the integrability of
the model by employing the method of singularity
analysis. In particular, we find the conditions
under which field equations pass the Painlevé test,
and hence, possess the Painlev ’e property. While
the equations pass the Painlevé test in the presence
of dust for any value of n, the test is valid after the
addition of radiation fluid only for n < 1. Finally,
at the perturbation level, the behaviour of matter
growth index signifies a deviation of the model from
the ACDM even for |n| < 1. This study has been
done in collaboration with Wompherdeiki Khyllep,
and Andronikos Paliathanasis.

Cosmological dynamics and bifurcation analysis
of the general mon-minimally coupled scalar field
models

Non-minimally coupled scalar field models are
well-known for providing interesting cosmological
features. These include a late time dark energy
behaviour, a phantom dark energy evolution
without singularity, an early time inflationary
universe, scaling solutions, convergence to the
standard ACDM, etc. While the usual stability
analysis helps us determine the evolution of a
model geometrically, bifurcation theory allows us to
precisely locate the parameters’ values describing
the global dynamics without a fine-tuning of initial
conditions. Using the centre manifold theory and
bifurcation analysis, we show that the general
model undergoes a transcritical bifurcation, which
predicts us to tune our models to have certain
desired dynamics. We obtained a class of models
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and a range of parameters capable of describing
a cosmic evolution from an early radiation era
towards a late time dark energy era over a wide
range of initial conditions.  There is also a
possible scenario of crossing the phantom divide
line. We also find a class of models where the
late time attractor mechanism is indistinguishable
from that of a structurally stable general relativity
based model; thus, we can elude the big rip
singularity generically.  Therefore, bifurcation
theory allows us to select models that are viable
with cosmological observations This study has been
done in collaboration with Wompherdeiki Khyllep.

Abhik Ghosh

Demonstrating the Tapered Gridded Estimator
(TGE) for the cosmological HI 21-cm power
spectrum using 150 MHz GMRT observations

We apply the Tapered Gridded Estimator (TGE)
for estimating the cosmological 21-cm power
spectrum from 150MHz GMRT observations which
corresponds to the neutral hydrogen (HI) at
redshift z = 8.28. Here, TGE is used to measure
the Multi-frequency Angular Power Spectrum
(MAPS) Cy(Av) first, from which we estimate the
21-cm power spectrum P(k1,kj). The data here,
are much too small for a detection, and the aim is
to demonstrate the capabilities of the estimator.
We find that the estimated power spectrum
is consistent with the expected foreground and
noise behaviour. This demonstrates that this
estimator correctly estimates the noise bias, and
subtracts this out to yield an unbiased estimate
of the power spectrum. More than 47% of
the frequency channels had to be discarded from
the data owing to radio-frequency interference,
however, the estimated power spectrum does
not show any artifacts due to missing channels.
Finally, we show that it is possible to suppress
the foreground contribution by tapering the sky
response at large angular separations from the
phase centre. We combine the k modes within a
rectangular region in the ‘EoR window’ to obtain
the spherically binned averaged dimensionless
power spectra A2(k) along with the statistical
error o associated with the measured AZ?(k).
The lowest k-bin yields A%(k) = (61.47)2K? at
E = 1.59Mpc™ ', with ¢ = (27.40)2K2.  We
obtain a 20 upper limit of (72.66)2K? on the
mean squared HI 21-cm brightness temperature
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fluctuations at k& = 1.59Mpc~'.  This work
has been done in collaboration with Srijita Pal,
Somnath Bharadwaj, and Samir Choudhuri.

Tight constraints on the excess radio background at
z=29.1 from LOFAR

The ARCADE2 and LWA1 experiments have
claimed an excess over the Cosmic Microwave
Background (CMB) at low radio frequencies. If
the cosmological high-redshift contribution to this
radio background is between 0.1% and 22% of the
CMB at 1.42GHz, it could explain the tentative
EDGES low-band detection of the anomalously
deep absorption in the 21-cm signal of neutral
hydrogen. We use the upper limit on the
21-cm signal from the epoch of reionization (z =
9.1) based on 141hours of observations with
LOFAR to evaluate the contribution of the high
redshift Universe to the detected radio background.
Marginalizing over astrophysical properties of
star-forming halos, we find (at 95% C.L.) that the
cosmological radio background can be at most 9.6%
of the CMB at 1.42GHz. This limit rules out
strong contribution of the high-redshift Universe
to the ARCADE2 and LWA1 measurements. Even
though LOFAR places limit on the extra radio
background, excess of 0.1 — 9.6% over the CMB
(at 1.42 GHz) is still allowed and could explain the
EDGES Low-Band detection. We also constrain
the thermal and ionization state of the gas at
z = 9.1, and put limits on the properties of the first
star-forming objects. We find that, in agreement
with the limits from EDGES high-band data,
LOFAR data constrain scenarios with inefficient
X-ray sources, and cases where the Universe was
ionized by stars in massive halos only This work
has been done in collaboration with Rittik Mondal,
Anastasia Fialkov, C. Fling, and Ilian. T. Iliev, et
al.

Suman Ghosh

Particle creation by a massless spin-% field in a
warped cosmological braneworld scenario

Energy momentum tensor, of a quantised massless
bulk spin- % field in five dimensional warped
cosmological spacetimes is studied. @ The four
dimensional part of our model represents a warped
cosmological thick brane and the scale of the extra
dimension is time-dependent. We use a simple
ansatz to solve the Dirac equation in the bulk
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that helps us to compare our results with the
known four dimensional case. Renormalisation of
the components of the energy momentum tensor
is achieved using adiabatic regularization method.
We compute the leading order finite contribution to
the stress-energy tensor, which is of adiabatic order
six. The resulting energy and pressure densities
explicitly show the effects of the so-called warping
factor and the dynamic extra dimension on the
created matter. We show how the energy density
produced is localised to form 3-branes along the
extra dimension.

Sushant G. Ghosh

Parameters estimation and strong gravitational
lensing of non-singular Kerr-Sen black holes

The recent time witnessed a surge of interest
in strong gravitational lensing by black holes,
and is due to the FEvent Horizon Telescope
(EHT) results, which suggest comparing the
black hole lensing in both general relativity and
heterotic string theory. That may help us to
assess the phenomenological differences between
these models. Motivated by this, we consider
gravitational lensing by the non-singular Kerr—Sen
black holes, which encompass Kerr black holes as
a particular case, to calculate the light deflection
coefficients in strong-field limits p and ¢, while
the former increases with increasing parameters
b and charge k, later decrease. We also find a
decrease in the light deflection angle ap, angular
position 0., decreases more slowly, and impact
parameter for photon orbits w,, more quickly, but
angular separation s increases more rapidly with
parameters b and k. We compare our results with
those for Kerr black holes, and also the formalism
is applied to discuss the astrophysical consequences
in the case of the supermassive black holes NGC
4649, NGC 1332, Sgr A*, and M87*. In turn, we
also investigate the shadows of the non-singular
Kerr—Sen black holes, and show that they are
smaller and more distorted than the corresponding
Kerr black holes and non-singular Kerr black
holes shadows. The inferred circularity deviation
AC < 0.10, for the M87* black hole shadow,
put constraints on the non-singular Kerr—Sen black
hole parameters (a,k) and (a,b). The maximum
shadow angular diameter for b = 0.30M and
k = 0.30M are respectively, ; = 35.346 pas and
04 = 35.3355 pas. We also estimate the parameters



associated with non-singular Kerr—Sen black holes
using the shadow observables. This work has
been done in collaboration with Rahul Kumar, and
shafqat ul Islam.

Testing rotating regular metrics as candidates for
astrophysical black holes

The Event Horizon Telescope, a global
sub-millimeter wavelength very long baseline
interferometry array, produced the first image of
supermassive black hole M87* showing a ring of
diameter 0; = 42 + 3 pas, inferred a black hole
mass of M = (6.5 4 0.7) x 109Mg and allowed us
to investigate the nature of strong-field gravity.
The observed image is consistent with the shadow
of a Kerr black hole, which according to the Kerr
hypothesis describes the background spacetimes
of all astrophysical black holes. The hypothesis,
a strong-field prediction of general relativity, may
be violated in the modified theories of gravity that
admit non-Kerr black holes. Here, we use the black
hole shadow to investigate the constraints when
rotating regular black holes (non-Kerr) can be
considered as astrophysical black hole candidates,
paying attention to three leading regular black hole
models with additional parameters g related to
non-linear electrodynamics charge. Our interesting
results based on the systematic bias analysis are
that rotating regular black holes shadows may
or may not capture Kerr black hole shadows,
depending on the values of the parameter g¢.
Indeed, the shadows of Bardeen black holes
(9 £ 0.26M), Hayward black holes (¢ < 0.65M ),
and non-singular black holes (¢ < 0.25M) are
indistinguishable from Kerr black hole shadows
within the current observational uncertainties, and
thereby they can be strong viable candidates for
the astrophysical black holes. Whereas Bardeen
black holes ( g < 0.30182M), Hayward black
holes (¢ < 0.73627M), and non-singular black
holes (g < 0.30461M), within the lo region for
0q = 39 pas, are consistent with the observed
angular diameter of M87*. This work has been
done in collaboration with Rahul Kumar, and
Amit Kumar.
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Tuhin Ghosh

Detection of WHIM in the Planck data using Stack
First approach

In this work, we detect the diffuse thermal
Sunyaev-Zeldovich (tSZ) effect from the gas
filaments between the Luminous Red Galaxy
(LRG) pairs using a new approach relying on
stacking the individual frequency maps. We apply
and demonstrate our method on ~ 88,000 LRG
pairs in the SDSS DR12 catalogue selected with an
improved selection criterion that ensures minimal
contamination by the Galactic CO emission as well
as the tSZ signal from the clusters of galaxies.
We first stack the Planck channel maps, and then
perform the Internal Linear Combination method
to extract the diffuse ys, signal. Our Stack First
approach makes the component separation a lot
easier as the stacking greatly suppresses the noise
and CMB contributions, while the dust foreground
becomes homogeneous in spectral-domain across
the stacked patch. Thus one component, the CMB,
is removed while the rest of the foregrounds are
made simpler even before component separation
algorithm is applied. We obtain the WHIM signal
of Ywhim = (3.78 &£ 0.37) x 107® in the gas
filaments, accounting for the electron overdensity
of ~ 13. We estimate the detection significance
to be > 10.20. This excess ys, signal is tracing
the warm-hot intergalactic medium and it could
account for most of the missing baryons of the
Universe. We show that the Stack First approach is
more robust to systematics, and produces a cleaner
signal compared to the methods relying on stacking
the y-maps to detect weak tSZ signal currently
being used by the cosmology community. This
work has been done in collaboration with Baibhav
Sharma, and Rishi Khatri.

Dust polarization modeling at large-scale over the
northern Galactic cap using EBHIS and Planck
data

The primary source of systematic uncertainty in
the quest for the B-mode polarization of the
Cosmic Microwave Background (CMB) introduced
by primordial gravitational waves is polarized
thermal emission from Galactic dust. Therefore,
accurate characterization and separation of the
polarized thermal dust emission is an essential step
in distinguishing such a faint CMB B-mode signal.
We provide a modelling framework to simulate



polarized thermal dust emission based on the model
described in Ghosh, et al. (2017), making use
of both the Planck dust and Effelsberg-Bonn HI
surveys over the northern Galactic cap. Our
seven-parameter dust model, incorporating both
HI gas in three different column density templates
as a proxy for spatially variable dust intensity and a
phenomenological model of Galactic magnetic field,
is able to reproduce both 1- and 2-point statistics
of the observed dust polarization maps seen by
Planck at 353 GHz over a selected low-column
density region in the northern Galactic cap. This
work has important applications in assessing the
accuracy of component separation methods and
in quantifying the confidence level of separating
polarized Galactic emission and the CMB B-mode
signal, as is needed for ongoing and future CMB
missions. This work has been done in collaboration
with Debabrata Adak, Francois Boulanger, Urmas
Haud, Peter Kalberla, et al.

Umananda D. Goswami

A new f(R) gravity model and properties of
gravitational waves in it

In this work, we have introduced a new f(R)
gravity model as an attempt to have a model with
more parametric control, so that the model can be
used to explain the existing problems as well as
to explore new directions in physics of gravity, by
properly constraining it with recent observational
data. In f(R) gravity metric formalism, the model
shows the existence of scalar degree of freedom as
like other f(R) gravity models. Due to this reason,
there are two extra scalar modes of polarization
of GWs present in the theory. These two extra
polarization modes present in a mixed state, out
of which one is transverse massless breathing mode
with non-vanishing trace and the other is massive
longitudinal mode. The longitudinal mode being
massive, travels at speed less than the usual tensor
modes found in General Relativity (GR). Moreover,
for a better understanding of the model, we have
studied the potential and mass of scalar graviton
in both Jordan and Einstein Frames. This model
can pass the solar system tests and can explain
primordial and present dark energy. It is found that
the correlation function for massive longitudinal
mode of polarization under certain mass scale
predicted by the model agrees well with the recent
data of Pulsar Timing Arrays. It seems that
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this new model would be useful in dealing with
different existing issues in the areas of astrophysics
and cosmology. This work has been done in
collaboration with Dhruba J. Gogoi.

Radial oscillations and gravitational wave echoes of
strange stars for various equations of state

We study the radial oscillations of non-rotating
strange stars (SSs) and their characteristic echo
frequencies for three equations of state (EoS), viz.,
MIT Bag model, linear, and polytropic. =~ The
frequencies of radial oscillations of these compact
stars are computed for these EoSs. In total, 22
lowest radial frequencies for each of these three
EoSs have been computed. First, for each EoS,
we have integrated Tolman-Oppenheimer-Volkoff
equations numerically to calculate the radial
and pressure perturbations of SSs. Next, the
mass-radius relationships for these stars are
obtained using these three EoSs. Our numerical
results show that the radial frequencies and also
echo frequencies vastly depend on the model and on
the value of the model parameter. Our results also
show that the radial frequencies of strange stars are
maximum for polytropic EoS in comparison to MIT
Bag model EoS and linear EoS. Moreover, SSs with
MIT Bag model EoS and linear EoS are found to
emit gravitational wave echoes. Whereas, SSs with
polytropic EoS are not emitting gravitational wave
echoes. This work has been done in collaboration
with Jyatsnasree Bora .

Shivappa B. Gudennavar

Estimation of the black hole spin in LMC X-1 using
AstroSat

In this work, we report the results of simultaneous
broadband spectral studies of LMC X-1 carried out
using the data from Soft X-ray Telescope and Large
Area X-ray Proportional Counter aboard AstroSat,
observed on 2016 November 26, 2016 and 2017
August 28. The combined spectrum was modelled
with a multi-colour blackbody emission (diskbb)
along with a Comptonization component (simpl)
in the energy range 0.7—30.0 keV. The spectral
analysis revealed that the source was in its high
soft state (T = 2.677533 and T’ = 2.1270-29) with a
hot disc (kT;, = 0.8670:0} and kT;, = 0.877003).
Thermal disc emission was fit with a relativistic
model (kerrbb) and the spin of the black hole
was estimated to be 0.931007 and 0.937003
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(statistical errors) for the two epochs through
X-ray continuum-fitting, which agrees with the
previous results. This work has been done in
collaboration with Sneha P. Mudambi, Anjali Rao,
Ranjeev Misra, and S.G. Bubbly

Sarbari Guha

On the gravitational entropy of accelerating black
holes

In this study, we have examined the validity of
a proposed definition of gravitational entropy in
the context of accelerating black hole solutions of
the Einstein field equations. We have adopted a
phenomenological approach proposed in Rudjord,

et al [Phys.  Ser. 77, 055901 (2008)]
and expanded by Romero, et al [Int. J.
Theor.  Phys. 51, 925 (2012)], in which

the Weyl curvature hypothesis is tested against
the expressions for the gravitational entropy.
Considering the C-metric for the accelerating
black holes, we have evaluated the gravitational
entropy and the corresponding entropy density
for four different types of black holes, namely,
non-rotating black hole, non-rotating charged black
hole, rotating black hole and rotating charged black
hole. Finally, we discuss the merits of such an
analysis, and the possible reason of failure in the
particular case of rotating charged black hole and
comment on the possible resolution of the problem.
This study has been done in collaboration with
Samarjit Chakraborty.

Axial gravitational waves in Bianchi I universe

In Regge-Wheeler gauge, there are only two
non-zero components of h,, in the case of axial
waves: ho(t,r) and hq(t,r). The field equations in
absence of matter have been derived both for the
unperturbed as well as axially perturbed metric.
These field equations are solved simultaneously by
assuming the expansion scalar © to be proportional
to the shear scalar o (so that a = 0", where
a,b, are the metric coefficients, and n is an
arbitrary constant), and the wave equation for the
perturbation parameter ho(t,r) has been derived.
We used the method of separation of variables to
solve for this parameter, and have subsequently
determined hi(t,7). We find that the anisotropy
of the background spacetime is responsible for
the damping of the gravitational waves as they
propagate. The perturbations depend on the values
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of the angular momentum /. The field equations
in the presence of matter reveal that the axially
perturbed spacetime leads to perturbations only
in the azimuthal velocity of the fluid leaving the
matter field undisturbed. This work has been done
in collaboration with Sucheta Datta.

Priya Hasan

Membership of stars in open clusters using random
Forest with Gaia data

In this study, we used the published membership
data of nine open star clusters as a training set
to find new members from Gaia DR2 data using a
supervised random Forest model with a precision of
around 90%. The number of new members found
is often double the published number. Membership
probability of a larger sample of stars in clusters
is a major benefit in determination of cluster
parameters like distance, extinction and mass
functions. We also found members in the outer
regions of the cluster and found sub-structures
in the clusters studied. The colour magnitude
diagrams are more populated and enriched by
the addition of new members making their study
more promising This study has been done in
collaboration with Md. Mahmudunnobe, Mudasir
Raja, and Syed N. Hasan.

The system of open star clusters revisited

The system of open clusters is an excellent
probe of the structure and evolution of the
galactic disk. Their spatial, size, age and mass
distributions provide valuable information on the
cluster formation process. This study is based
on available catalogues, both homogeneous and
inhomogeneous, to provide some useful insights on
the evolutionary history of the system of open
clusters and consequently, the galaxy. We find
that the optimum size of a cluster for its survival
is 3-4 pc. We also find that there exists a
simple linear relationship between the age and the
mean linear diameters of clusters and also with
normalised reddening. Using Gaia DR2 and other
catalogues, we find that the system of open clusters
provides valuable clues to our understanding of
the evolution of the galaxy. This system can
be partitioned by k-means to get clusters in a
statistical sense, which indicates possible cluster
formation in the galaxy at different galacto-centric
distances and with different parameters. These
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suggests a combination of the scenarios of overall
halo collapse and accretion to explain the formation
of the disk of the galaxy. This method is proposed
to be used for the study of external galaxies using
catalogues of extragalactic clusters as it works well
with the clusters of the Milky Way. This study has
been done in collaboration with Syed N. Hasan.

Deepak Jain

Constraining cosmological and galaxy parameters
using strong gravitational lensing systems

Strong gravitational lensing along with the distance
sum rule method can constrain both cosmological
parameters as well as density profiles of galaxies
without assuming any fiducial cosmological model.
To constrain galaxy parameters and cosmic
curvature (o), we use the distance ratio data
from a recently compiled database of 161 galactic
scale strong lensing systems. We use databases
of supernovae type-lIa (Pantheon) and Gamma
Ray Bursts (GRBs) for calculating the luminosity
distance. To study the model of the lens galaxy,
we consider a general lens model namely, the
Extended Power-Law.  Further, we take into
account two different parameterisations of the
mass density power-law index (y) to study the
dependence of (vy) on redshift. The best value
of Qo suggests a closed universe, though a flat
universe is accommodated at 68% confidence level.
We find that parameterisations of (y) have a
negligible impact on the best fit value of the cosmic
curvature parameter. Furthermore, measurement
of time delay can be a promising cosmographic
probe via ”time delay distance” that includes
the ratio of distances between the observer, the
lens and the source. We again use the distance
sum rule method with time-delay distance dataset
of HOLICOW to put constraints on the Cosmic
Distance Duality Relation (CDDR) and the cosmic
curvature parameter (£20). For this we consider
two different redshift-dependent parameterisations
of the distance duality parameter (n). The best
fit value of Q¢ clearly indicates an open universe.
However, a flat universe can be accommodated at
95% confidence level, at which, no violation of
CDDR is observed. We believe that a larger sample
of strong gravitational lensing systems is needed
in order to improve the constraints on the cosmic
curvature and distance duality parameter. This
work has been done in collaboration with Darshan
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Kumar, Shobhit Mahajan, Amitabha Mukherjee,
and Nisha Rani

Deepak Jain and T. R. Seshadri

Impact of magnetic field on the gas mass fraction
of galaxy clusters

Magnetic fields have been observed in galaxy
clusters with strengths of the order of ~ pG. The
non-thermal pressure exerted by magnetic fields
also contributes to the total pressure in galaxy
clusters and can in turn affect the estimates of
the gas mass fraction, fyus. In this work, we
have considered a central magnetic field strength of
5 pG, motivated by observations and simulations
of galaxy clusters. The profile of the magnetic
field has also been taken from the results obtained
from simulations and observations.  The role
of magnetic field has been taken into account
in inferring the gas density distribution through
the hydrostatic equilibrium condition (HSE) by
including the magnetic pressure. We have found
that the resultant gas mass fraction is smaller
with magnetic field as compared to that without
magnetic field. However, this decrease is dependent
on the strength and the profile of the magnetic
field. We have also determined the total mass using
the NFW profile to check for the dependency of
fgas estimates on total mass estimators. From our
analysis, we conclude that for the magnetic field
strength that galaxy clusters seem to possess, the
non-thermal pressure from magnetic fields has an
impact of ~1 % on the gas mass fraction of galaxy
clusters. However, with upcoming facilities like
Square Kilometre Array (SKA), it can be further
expected to improve with more precise observations
of the magnetic field strength and profile in galaxy
clusters, particularly in the interior region. This
work has been done in collaboration with Sandhya
Jagannathan, and Sunil Malik.

Jessy Jose

Testing the role of environmental effects on the
wmnitial mass function of low-mass stars

In the star formation process, the vital impact
of environmental factors such as feedback from
massive stars and stellar density on the form of
the initial mass function (IMF) at low-mass end
is yet to be understood. Hence, a systematic
highly sensitive observational analysis of a sample



of regions under diverse environmental conditions
is essential. We analyse the IMF of eight
young clusters (<5 Myr), namely IC1848-West,
1C1848-East, NGC 1893, NGC 2244, NGC 2362,
NGC 6611, Stock 8 and Cygnus OB2, which
are located at the galacto-centric distance (Ry)
range ~ 6-12 kpc along with nearby cluster 1C348
using deep near-IR photometry and Gaia DR2.
These clusters are embedded in massive stellar
environments of radiation strength log(Lryv/La)
~ 2.6 t0 6.8, log(Lpyv) ~ 42.2 to 50.85 photons/s,
with stellar density in the range of ~ 170 - 1220
stars/pc?.  After structural analysis and field
decontamination, we obtain an unbiased, uniformly
sensitive sample of pre-main-sequence members of
the clusters down to brown-dwarf regime. The
lognormal fit to the IMF of clusters give the mean
characteristic mass (m.) and o of 0.32+0.02 Mg
and 0.47£0.02, respectively. ~We compare the
IMF with that of low- and high-mass clusters
across the Milky Way. We also check for any
systematic variation with respect to the radiation
field strength, stellar density as well with R,.
We conclude that there is no strong evidence for
environmental effect in the underlying form of the
IMF of these clusters. This work has been done
in collaboration with Belinda Damian, Manash R.
Samal, Estella Mouraux, Swagat R. Das, et al.

Testing the star formation scaling relations in the
clumps of the North American and Pelican nebulae
cloud complex

We test various star formation scaling relations,
such as the Kennicutt-Schmidt relation, the
volumetric star formation relation, the orbital
time model, the crossing time model and the
multi free-fall time-scale model, towards the North
American Nebula and Pelican Nebula and in the
cold clumps associated with them. Measuring
stellar mass from young stellar objects and gaseous
mass from CO measurements, we estimate the
mean Yspr , the star formation rate per free-fall
time and the star formation efficiency for clumps
to be 1.5 Mu yr—tkpe=2 , 0.009 and 2.0 per cent
respectively, while for the whole region covered by
both nebulae (which we call the 'NAN’ complex)
the values are 0.6 Mg yr—'kpc=2 , 0.0003 and
1.6 per cent respectively. For the clumps, we
notice that the observed properties are in line with
the correlation obtained between ¥gpr and Ygas ,
and between Yspr and g, per free-fall time and
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orbital time for Galactic clouds. At the same time,
we do not observe any correlation with ¥4, per
crossing time and multi free-fall time. Even though
we see correlations in the former cases, however,
all models agree with each other within a factor of
0.5 dex. It is not possible to discriminate between
these models because of the current uncertainties in
the input observables. We also test the variation
of Ygpr with the dense gas but, because of low
statistics, a weak correlation is seen in our analysis.
This work has been done in collaboration with
Swagat R. Das, Manash R. Samal, Shaobo Zhang,
and Neelam Panwar.

Mehedi Kalam

Does dark matter admized pulsar exist ?

We have considered a two-fluid model assuming
that the pulsars are made of ordinary matter
admixed with dark matter. Contribution of dark
matter comes from the fitting of the rotation
curves of the SPARC sample of galaxies. We have
investigated the dark matter based on the singular
isothermal sphere (SIS) dark matter density profile
in the galactic halo region. Considering this
two-fluid model, we have studied the physical
features of the pulsars present in different galaxy
in details. Here, we compute the probable radii,
compactness (u) and surface red-shift (Zs) of the
four pulsars namely: PSR J1748-2021B in NGC
6440B galaxy, PSR J1911-5958A in NGC 6752
galaxy, PSR B1802-07 in NGC 6539 galaxy, and
PSR J1750-37A in NGC 6441 galaxy. This work
has been done in collaboration with Sajahan Molla,
and Bidisha Ghosh.

Possible existence of dark matter admized pulsar

We have discussed the possible existence of the
dark matter admixed pulsars, based on singular
isothermal sphere density profile, located in dwarf
as well as in massive spiral galaxies. We use
the universal rotational curve dark matter density
profile to get similar results for the pulsars in
the Milky Way galaxy. These findings may be
treated as a wuseful complement to the earlier
findings. Hence, e may conclude that there is a high
possibility of the existence of dark matter admixed
pulsars in most of the galaxies. This work has been
done in collaboration with Nilofar Rahman, and
Sajahan Molla.



Sanjeev Kalita

Scalaron gravity near Sagittarius A*: Investigation
of spin of the black hole and observing requirements

We apply applies the scalaron gravity field
and corresponding Yukawa coupling (derived by
Kalita from the consideration of quantum vacuum
fluctuations with UV and IR scales) to examine
the scales of stellar orbits near the Galactic
Center black hole, which can be probed by
upcoming astrometric facilities for constraining
modified gravity. Through the assumption that
the pericenter shift of stellar orbits becomes the
order of spin and quadrupole moment effects of
the black hole, it is found that for semi-major axes
bounded below by time scales of gravitational wave
emission and stellar age and above by S-2 like orbits
(a = 990 au) the black hole spin with 0.1 < x
<0.980 is eligible to probe scalaron masses within
(10729 —10718) eV and also the scalaron coupling,
2.73 x 1074 derived earlier from quantum
vacuum fluctuations. The orbital eccentricities are
considered as e = 0.1, 0.5, and 0.9. Astrometric
categories with a = 10, 50, and 100 pas are used
to probe the time scales, and number of observing
campaigns required for simultaneously constraining
scalaron mass and black hole spin. It is found
that extraction of black hole spin is possible within
a = (74-433) au through 10 pas facilities. The
present analysis is realized to be an independent
opportunity to simultaneously constrain scalaron
coupling, black hole spin, and tidal charge, and
hence to reveal the true nature of the spacetime
structure of our nearest supermassive black hole.

o =

The galactic centre black hole, Sgr A*, as a probe

of new gravitational physics with the scalaron fifth
force

The galactic centre black hole (Sgr A*) provides
an ideal laboratory for astronomical tests of new
gravitational physics. This work reports that
curvature correction f(R) to quantum vacuum
fluctuations naturally yields a Yukawa-type scalar
fifth force with potential exp (Mi)r)/ r where Mg
is the mass of the f(R) scalarons. Estimating the
UV and IR cutoff scales of vacuum fluctuations,
the Yukawa coupling strength is connected to
the scalaron field amplitude. Whereas, recently
constrained Yukawa coupling and range correspond
to light scalarons with M, = (1.37 x 102! - 5.49x
1072Y%) eV, vacuum fluctuations yield a massive
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scalaron with My= 10'6 eV. Scalaron-induced
periastron shift of stellar orbits near Sgr A* has
been studied with respect to the semi-major axis
in the range a = 10-1,000 au. It is found that
the scalarons resulting from quantum fluctuations
affect the precession of orbits with a = 128-256
Rs. The possibility of future constraints on massive
scalarons in observations near Sgr A* is discussed.
This is a new and independent effort to express
a prototype quantum gravity effect in terms of
astronomically accessible quantities.

Nishikanta Khandai

The distribution of mneutral hydrogen
colour-magnitude plane of galaxies

i the

We present the conditional HI (neutral hydrogen)
Mass Function (HIMF) conditioned on observed
optical properties, M, (r-band absolute magnitude)
and Cy, (u — r colour), for a sample of 7,709
galaxies from ALFALFA (40% data release -
a.40) which overlaps with a common volume in
SDSS DR7. Based on the conditional HIMF, we
find that the luminous red, luminous blue and
faint blue populations dominate the total HIMF
at the high-mass end, knee and the low-mass
end respectively. We use the conditional HIMF
to derive the underlying distribution function
of Qur (HI density parameter), p(Qmr), in
the colour-magnitude plane of galaxies. The
distribution, p(Qmr), peaks in the blue cloud at
MPex = —19.25, O = 1.44 but is skewed. It has
a long tail towards faint blue galaxies and luminous
red galaxies. We argue that p(€2mr) can be used
to reveal the underlying relation between cold gas,
stellar mass, and the star formation rate (SFR)
in an unbiased way; that is, the derived relation
does not suffer from survey or sample selection.
This work has been done in collaboration with Saili
Dutta.

Ram Kishor

Effect of Moon perturbation on the energy curves
and equilibrium points in the Sun-Earth-Moon
system

In this work, we have considered that the Moon
motion around the Earth is a source of a
perturbation for the infinitesimal body motion in
the Sun-Earth system. The perturbation effect is
analyzed by using the Sun-Earth-Moon bicircular
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model (BCM). We have determined the effect
of this perturbation on the Lagrangian points
and zero velocity curves. We have obtained the
motion of infinitesimal body in the neighbourhood
of the equivalent equilibria of the triangular
equilibrium points. Moreover, to know the
nature of the trajectory, we have estimated the
first order Lyapunov characteristic exponents of
the trajectory emanating from the vicinity of
the triangular equilibrium point in the proposed
system. It is noticed that due to the generated
perturbation by the Moon motion, the results are
affected significantly, and the Jacobian constant
is fluctuated periodically as the Moon is moving
around the Earth. Finally, we emphasize that this
model could be applicable to send either satellite
or telescope for deep space exploration. This work
has been done in collaboration with Ashok K. Pal,
and Elbaz I. Abouelmagd.

Nagendra Kumar

Mode conversion and damping of MHD waves in
stratified viscous solar atmosphere

Acoustic waves generated by the convective
motions in the solar convection zone undergo
the mode conversion when they reach the height
where the sound speed equals the Alfvn speed.
Stratification-induced mode conversion depends on
the strength of magnetic structures and so usually
occurs in the upper atmosphere and chromosphere.
We study the mode conversion and damping of
MHD waves in a gravitationally stratified low
-6 to high -3 isothermal atmosphere of the Sun
permeated by a uniform vertical magnetic field.
We solve the MHD equations by MacCormack
method to examine the effect of viscosity on
amplitudes of physical quantities such as velocity,
mass density, gas pressure and magnetic field
before and after the § =1 layer. It is found
that mode conversion occurs at the point z =~
1.8 Mm in § =1 layer and viscosity does not
influence the mode conversion phenomenon. In
the presence of viscosity, the amplitudes of vertical
and horizontal velocity components, horizontal and
vertical magnetic field components, gas pressure
and mass density decrease, and decay of amplitude
is stronger for higher values of viscosity. In
the low [ plasma, damping length decreases
with the increase in viscosity but remains almost
unchanged in the high 3 plasma. When the driving
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frequency increases, conversion from slow to fast
mode decreases. This work has been done in
collaboration with Anil Kumar.

Sanjay Kumar

Magnetohydrodynamic — simulation of magnetic
null-point reconnections and coronal dimmings
during the X2.1 flare in NOAA AR 11283

The magnetohydrodynamics of active region
NOAA 11283 is simulated wusing an initial
non-force-free magnetic field extrapolated from
its photospheric vector magnetogram. We focus
on the magnetic reconnections at a magnetic
null point that participated in the X2.1 flare on
2011 September 6 around 22:21 UT (SOL2011-09-
06T22:21X2.1) followed by the appearance of
circular flare ribbons and coronal dimmings. The
initial magnetic field from extrapolation displays
a three-dimensional (3D) null topology overlying
a sheared arcade. Prior to the flare, magnetic
loops rise due to the initial Lorentz force, and
reconnect at the 3D null, leading to expansion
and loss of confined plasma that produce the
observed pre-flare coronal dimmings. Further,
the simulated dynamics documents the transfer
of twist from the arcade to the overlying loops
through reconnections, developing a flux rope.
The non-parallel field lines comprising the rope
and lower-lying arcades form an X-type geometry.
Importantly, the simultaneous reconnections at the
3D null and the X-type geometry can explain
the observed circular and parallel flare ribbons.
Reconnections at the 3D null transform closed
inner spine field lines into open field lines of the
outer spine. The footpoints of these open field
lines correspond to a ring-shaped coronal dimming
region, tracing the dome. Further, the flux rope
bifurcates because of these reconnections, which
also results in the generation of open magnetic
field lines. The plasma loss along the open field
lines can potentially explain the observed coronal
dimming. This work has been done in collaboration
with Avijeet Prasad, Karin Dissauer, Qiang Hu,
Ramit Bhattacharyya, et al.

Magnetic  reconnections  in  the
of  three-dimensional — magnetic

quasi-separatriz layers

Three-dimensional (3D) magnetohydrodynamic
simulations are carried out to explore magnetic

presence
nulls  and
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reconnections in the presence of 3D magnetic
nulls and quasi-separatrix layers (QSLs). The
initial magnetic fields are created by superposing
uniform vertical magnetic fields of two different
magnitudes on a linear force-free field. The interior
of the numerical box contains two 3D nulls with
separatrix domes separated by a quasi-separator
(or hyper- bolic flux tube) with QSLs. In the first
simulation, the uniform vertical field is so large that
the nulls are located at low heights and the domes
are separate. Initially unbalanced Lorentz forces
drive rotational flows that form strong electric
currents and strong torsional fan reconnection at
the 3D nulls and weak QSL reconnection at the
hyperbolic flux tube. Flipping or slipping of field
lines is observed in both cases. In the second
simulation, with a weaker vertical field and larger
domes, the separatrix surfaces meet at the central
quasi-separator and their rotation drives stronger
QSL reconnection than before. This work has
been done in collaboration with Sushree S. Nayak,
Avijeet Prasad, and Ramit Bhattacharyya.

R. K. Sunil Kumar

Linguistically involved data-driven approach for
Malayalam phoneme-to-viseme mapping

Knowledge about the phonemes and visemes in the
language is a vital component in the speech-based
applications. A phoneme is the nuclear sound
unit necessary to symbolize all words in that
speech. The Present definition of viseme is a
visual language unit that describes the state of
different speech articulators. This article discusses
the primary task of the identification of visemes
and the number of frames required to encode
the temporal evolution of vowel and consonant
phonemes. For this work, an audio-visual
Malayalam speech database is created from 23
native speakers of Kerala (18 females and five
males). The tongue plays a vital role in
the utterance of Malayalam, regarding flexibility
and speed, which makes it distinct from other
languages. The appearance of teeth and oral cavity
and the shape of the lips can be modelled using
geometric features of lips obtained from HSV colour
space, and the deformation in the appearance of
lips and tongue can be modelled using Discrete
Cosine Transform (DCT) feature. A linguistically
involved data-driven approach can make valuable
individual perception modelling from a linguistic
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approach and the computational easiness out of a
data-driven approach. The visual speech attributes
are then clustered to identify the visual equivalent
of the phoneme employing K-means cluster and
Gap statistic. To study the temporal variation,
three phoneme-to-viseme mappings were analyzed,
and are compared with the linguistic mapping and
visual speech duration. This work has been done in
collaboration with K. T. Bibish Kumar, Sunil John
and K. M. Muraleedharan.

Data pre-processing techniques for handling time
series data for environmental science studies

The errors or noises due to electronic sensor fault,
fault in the communication channel, etc. are
considered here.  Such errors or glitches that
occur during the data acquisition or transmission
phases need to be eliminated before it is fed
to the forecasting or classification, systems.
Computationally, simple and efficient techniques,
are discussed here so that they can even be adopted
for a hard real time system environment. While
adopting these techniques, we may also end up with
some of the real genuine values which may consider
as an outlier. A special indicator function, the
moving Inter Quartile Range (MIQR) algorithm is
proposed to overcome such special cases This work
has been done in collaboration with Ebin Anthony,
N.S. Sreekanth, and T. Nishanth.

S. Sunil Kumar

Evaporation of inclined drops:  Formation of

asymmetric ring patterns

Evaporation of colloidal drops on horizontal
surfaces deposits the contained particles at the
drop-edge producing radially symmetric ring-like
stains. The symmetry in the particle deposition is
broken when the drop is placed on a tilted surface
due to the influence of gravity on the suspended
particles and the drop itself. Using extremely small
drops generated by electrospray, we explore cases
where different mechanisms of particle transport
dominate. We show that the asymmetric residues
are formed as the gravity-induced effects compete
with the capillary flow. Our results give a broad
insight into the pattern formation of evaporating
inclined drops. This work has been done
in collaboration with Maheshwar Gopu, Sachin
Rathod, Uma Namangalam, Ravi K. Pujala, et al.



Theoretical investigation of a wvital step n
the gas-phase formation of interstellar ammonia
NHf + Hy - NH + H

A crucial step in the gas-phase formation of
ammonia in the interstellar medium (ISM) is
the reaction of N H; with molecular hydrogen.
Understanding the electronic structure of the
participating species in this reaction, and the
evaluation of the rate coefficients at interstellar
temperatures are, therefore, critical to gain new
insights into the mechanisms of formation of
interstellar ammonia. We present the first
theoretical results of the rate coefficients of this
reaction as a function of temperatures relevant to
the ISM, computed using transition-state theory.
The results are in reasonable agreement with recent
experimental data.  This exothermic reaction
features a tiny barrier, which is primarily a
consequence of zero-point energy corrections. The
results demonstrate that quantum mechanical
tunneling and core-electron correlations play
significant roles in determining the rate of the
reaction. The note worthy failure of popular
density functionals to describe this reaction is
also highlighted. This work has been done
in collaboration with Salvi Mohandas, and
Raghunath O. Ramabhardran.

Suresh Kumar

Measurements of Hy and reconstruction of the dark
energy properties from a model-independent joint
analysis

Gaussian processes (GP) provide an elegant
and model-independent method for extracting
cosmological information from the observational
data. In this work, we employ GP to perform a
joint analysis by using the geometrical cosmological
probes such as Supernova Type Ia (SN), Cosmic
Chronometers (CC), Baryon Acoustic Oscillations
(BAO), and the HOLiCOW lenses sample to
constrain the Hubble constant Hg, and reconstruct
some properties of dark energy (DE), viz., the
equation of state parameter w, the sound speed
of DE perturbations c¢2, and the ratio of DE
density evolution X = pqe/pde,0. From the joint
analysis SN+CC+BAO+HOLICOW, we find that
Hy is constrained at 1.1% precision with Hy =
73.78 £ 0.84 km s~ 'Mpc~!, which is in agreement
with SHOES and HOLiICOW estimates, but in ~
6.20 tension with the current CMB measurements
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of Hy. With regard to the DE parameters, we find
¢ < 0 at ~20 at high z, and the possibility of
X to become negative for z > 1.5. We compare
our results with the ones obtained in the literature,
and discuss the consequences of our main results on
the DE theoretical framework. This work has been
done in collaboration with Alexander Bonilla, and

Rafael C. Nunes.

Rastall gravity extension of the standard ACDM

model:  Theoretical features and observational
constraints
We review the model for two simultaneous

modifications of different nature in the Friedmann
equation due to the Rastall gravity: The new
contributions of the material (actual) sources
(considered as effective source), and the altered
evolution of the material sources. We discuss
the role/behaviour of these modifications with
regard to some low redshift tensions, including
the so-called Hj tension, prevailing within the
standard ACDM. We constrain the model at
the level of linear perturbations, and obtain the
first constraints through a robust and accurate
analysis using the latest full Planck Cosmic
Microwave Background (CMB) data, with and
without including Baryon Acoustic Oscillations
(BAO) data. We find that the Rastall parameter
€ (null for general relativity) is consistent with
zero at 68% CL (with a tendency towards positive
values, —0.0001 < e < 0.0007 (CMB+BAO) at
68% CL), which in turn implies no significant
statistical evidence for deviation from general
relativity, and also a precision of O(10~%) for the
coefficient —1/2 of the term g,, R in the Einstein
field equations of general relativity (guaranteeing
the local energy-momentum conservation). We
explore the consequences led by the Rastall gravity
on the cosmological parameters in the light of
the observational analyses. It turns out that
the effective source, with a present-day density
parameter (xo = —0.0010 £ 0.0013 (CMB+BAO,
68% CL), dynamically screens the usual vacuum
energy at high redshifts, but this mechanism
barely works due to the opposition by the altered
evolution of cold dark matter. Consequently, two
simultaneous modifications of different nature in
the Friedmann equation by the Rastall gravity act
against each other, and do not help to considerably
relax the low redshift tensions, including the
so-called Hy tension. Our results may offer a



guide for the research community that studies the
Rastall gravity in various aspects of gravitation
and cosmology. This work has been done in
collaboration with Ozgur Akarsu, Nihan Kairci,
Suresh Kumar, Rafael C. Nunes, et al.

Smriti Mahajan

Age and metallicity of galazies in different
environments of the Coma supercluster

We analyse luminosity-weighted ages and
metallicity (Z) of galaxies in a continuous
range of environments, i.e., clusters, filaments
and voids prevalent in the Coma supercluster
(~ 100h~! Mpc). Specifically, we employ two
absorption line indices, HG and < Fe > as tracers
of age and metallicity of galaxies. We find that
the stellar-phase metallicity of galaxies declines
with increasing age as a function of stellar mass
(M*) as well as environment. On the filaments,
metallicity of galaxies varies as a function of their
distance from the spine of the filament, such that
galaxies closer to the centre of the filaments have
lower metallicity relative to their counterparts 1
Mpc away from it. The mean age of intermediate
mass galaxies (109 < M*/Mg < 10'09) is
statistically significantly different in different
environments such that, the galaxies in clusters
are older than the filament galaxies by 1-1.5 Gyr,
while their counterparts in the voids are younger
than filament galaxies by ~ 1 Gyr. The massive
galaxies (M*/Mg > 10'%®), on the other hand,
show no such difference for the galaxies in clusters
and filaments, but their counterparts in voids are
found to be younger by ~ 0.5 Gyr. At fixed age,
however, (Z) of galaxies is independent of their
M* in all environments, except the most massive
(M* /Mg = 10'97)) oldest galaxies (= 9 Gyr),
which show a sharp decline in their (Z) with M*.
Our results support a scenario where galaxies
in the nearby Universe have grown by accreting
smaller galaxies or primordial gas from the
large-scale cosmic web. This work has been done
in collabration with Juhi Tiwari, and Kulinder P.
Singh.

Study of galaxies
simulations

on large-scale filaments in

We use the data from the Evolution and Assembly
of GalLaxies in their Environment (EAGLE)
cosmological simulation to study properties of
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galaxies in the cosmic web. Galaxies become more
redder and form stars at a lower rate relative to
their counterparts further away from the cylindrical
axis of the large-scale filaments. These trends are
particularly strong for galaxies with M,/Mg <
10'°. We also find that at distances < 0.5 Mpc
from the spine of the filaments, the median gas
and stellar mass fraction in filament galaxies rises
sharply with decreasing distance from the spine
of the filament. These results, together with
matching trends in the SFR/M, and the g — r
colour of filament galaxies suggest that (i) the
intrafilamentary gas condenses into the filament
galaxies, thus, fuelling star formation in them, and
(ii) increased number density of galaxies closer to
the central axis of the filament enhances the rate of
gravitational interactions among filament galaxies
closer to the spine. This work has been done
in collabration with Ankit Singh, and Jasjeet S.
Bagla.

Manzoor A. Malik
X-ray study of galazy clusters

We present a detailed study of the excess entropy
profiles along with feedback energy profiles, and
discuss the effect of non-thermal pressure and
clumping on our estimates with the XMM-Newton
cluster outskirts project (X-COP), so as to
understand the physical conditions in the outer
regions of galaxy clusters (R > Rsp0). X-COP
targets a sample of massive nearby clusters
selected on the basis of their high signal-to-noise
ratio (SNR) in the Planck all-sky survey of
Sunyaev-Zeldovich sources. In the recent years,
the progress achieved in the sensitivity of SZ
instruments has allowed the extension of the
measurements of the pressure profile of galaxy
clusters out to the virial radius and beyond. The
high SNR in the Planck survey ensures a detection
of the SZ effect from targets well beyond Rjzgg.
X-COP provides a uniform 25 ks mapping of these
clusters out to Rspp and beyond, with the aim
of combining high-quality X-ray and SZ imaging
throughout the entire volume of these systems. Our
objective is to study the entropy as a function
of gas mass. In order to calculate the initial
entropy profile as a function of gas mass, we use
the initial radial entropy profile, in conjunction
with the assumption of hydrostatic equilibrium.
While non-thermal pressure is small in the inner
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region, its relative importance steadily increases
with radius, becoming a significant fraction of the
total pressure in the outer region. It has been found
from both observations and simulations that m500
is underestimated by about 10—20 per cent, if one
uses the hydrostatic equation without non-thermal
pressure. This work has been done in collaboration
with Subha Majumdar, and Shahnawaz Malik .

and  detection

of

Generation,  propagation
atmospheric gravity waves

On a different plane, we have detected some
interesting ionospheric phenomena that include (i)
Medium Scale Travelling Ionospheric Disturbance
(MSTID), (ii) Field aligned plasma irregularities,
(iii) Concentric ring like gravity waves, and (iv)
Influences of subtropical mesospheric gravity waves
on F-region Ionosphere and related phenomena like
propagation and other space phenomena.

I. Ablu Meitei

Quantum radiation of Kerr black hole in de Sitter
background

We investigate the tunneling of vector Boson
particles across the event horizon of Kerr-de Sitter
black hole by using Hamilton-Jacobi ansatz to
Proca equation and WKB approximation. The
surface gravity of KdS black hole has been
recovered by using direct calculation and Proca
equation. These two different methods give the
same Hawking temperature at the event horizon.
This work has been done in collaboration with T.
Ibungochouba Singh, Y. Kenedy Meitei, and K.
Yugindro Singh.

GUP effects on Hawking temperature in Riemann
spacetime

The modified Hawking temperature of a
static Riemann space-time is studied using
the generalized Klein-Gordon equation and
the generalized Dirac equation.  Applying the

Kerner-Mann quantum tunneling method, the
modified Hawking temperatures for scalar particles
and Fermions that cross the event horizon of the
black hole have been derived. We observe that the
quantum gravity effects reduce the rise of thermal
radiation temperature of the black hole. This work
has been done in collaboration with Y. Kenedy
Meitei, and T. Ibungochouba Singh.
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Hameeda Mir

Partition function and coherent states for the
quantum multiverse

Motivated by a wider acceptance of the quantum
cosmology and the idea of multiverse, we follow
the second and third quantization formalism for the
conceptual comprehension of quantum multiverse.
The other motivating feature to pursue the present
study is that at the different levels of quantization,
the equation of quantum state is similar to
that of harmonic oscillator, which encourages us
to give a glancing taste of the coherent states
in the domain of quantum cosmology. Third
quantization enables one to model the universe
as a particle in a quantum field theory of the
mini-superspace, and the wave description prompts
one to recognize interactions among the universes
of the multiverse. This picture of the system
further instigates us to investigate the partition
function and the thermodynamic equations of
the system. The path integral formalism with
proper mathematical extensions are employed to
find the partition function followed by the usual
techniques of statistical mechanics to examine the
thermodynamic properties. This work has been
done in collaboration with Mario C. Rocca, and
Aram B. Brzo.

Two approaches that prove divergence free nature
of non-local gravity

This work is an attempt to study the
thermodynamics of the structure formation
in the large scale universe in the mnon-local
gravity using Boltzmann statistics and the Tsallis
statistics.  The partition function is obtained
in both the approaches, and the corresponding
thermodynamics properties are evaluated. The
important thing is that we surprisingly get the
divergence free integrals, and thus, stress upon the
fact that the non-local gravity is the singularity
free model of gravity. This study has been done in
collaboration with Behnan Pourhassan, and Mario
C. Rocca.

Bivudutta Mishra
Stability analysis of two-fluid dark energy models

We have studied the stability of the cosmological
models with dark energy, and combination of
matter fields and dark energy in an anisotropic
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space time. The pressure anisotropy along the
spatial directions are derived and its stability in
each direction has been examined. The four models
presented here, show its stability on certain spatial
direction. The role of matter field on the stability
analysis has been obtained. The positive and
negative value of cosmic string completely changed
the stability behaviour of the model. The presence
of a magnetic field disturbs the stability aspects of
the models at least in an early epoch. This work
has been done in collaboration with Fakhereh Md
Esmaeili, Pratik P. Ray, and Sunil K. Tripathy.

Cosmological models with squared trace in modified
gravity.

In this work, we present a few simple cosmological
models under the modified theory of gravity in
the particular form of f(R,T) = R + 2f(T),
where R is the Ricci scalar and T is the trace
of the energy momentum tensor. Two special
cosmological models are studied with (i) hyperbolic
scale factor, and (ii) specific form of the Hubble
parameter. The models are observed to predict
relevant cosmological parameters closer to the
observational values. Both the models reduce
to overlap with the ACDM model at late times.
We have discussed some interesting results related
to wormhole solutions as evolved. The possible
occurrence of Big Trip in wormholes for the models
are also discussed. This work has been done in
collaboration with Sunil K. Tripathy, and Saibal
Ray.

Sourav Mitra

m  w  Centauri:
derived  from  the

Dark matter annihilation
Astrophysical — implications
MWA radio data

We present an analysis of Murchison Widefield
Array radio telescope data from w Cen, possibly a
stripped dwarf spheroidal galaxy core captured by
our Galaxy. Recent interpretations of Fermi-LAT
~v-ray data by Brown, et al (2019) and
Reynoso-Cordova, et al. (2019) suggest that w Cen
may contain significant dark matter. We utilize
their best-fit dark matter annihilation models, and
an estimate of the magnetic field strength in w
Cen, to calculate the expected radio synchrotron
signal from annihilation, and show that one
can usefully rule out significant parts of the
magnetic field diffusion coefficient plane using our
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current observational limits on the radio emission.
Improvement by a factor of 10-100 on these limits
could constrain the models even more tightly. This
work has been done in collaboration with Arpan
Kar, Biswarup Mukhopadhyaya, Steven Tingay,
Ben McKinley, et al.

Hybrid analytic and machine-learned baryonic
property insertion into galactic dark matter haloes

While cosmological dark matter-only simulations
relying solely on gravitational effects are
comparably fast to compute, baryonic properties in
simulated galaxies require complex hydrodynamic
simulations that are computationally costly to run.
We explore the merging of an extended version
of the equilibrium model, an analytic formalism
describing the evolution of the stellar, gas, and
metal content of galaxies, into a machine learning
framework. In doing so, we are able to recover
more properties than the analytic formalism alone
can provide, creating a high-speed hydrodynamic
simulation emulator that populates galactic dark
matter haloes in N-body simulations with baryonic
properties. While, there exists a trade-off between
the reached accuracy and the speed advantage,
this approach offers, our results outperform
an approach using only machine learning for a
subset of baryonic properties. We demonstrate
that this novel hybrid system enables the fast
completion of dark matter-only information by
mimicking the properties of a full hydrodynamic
suite to a reasonable degree, and discuss the
advantages and disadvantages of hybrid versus
machine learning-only frameworks. In doing so,
we offer an acceleration of commonly deployed
simulations in cosmology. This work has been
done in collaboration with Ben Moews, Romeel
Dave, Sultan Hassan, and Weiguang Cui.

Aditya S.
Raychaudhuri
On the disc reflection spectroscopy of NS LMXB

Serpens X-1:  Analysis of a recent nustar
observation

Mondal and Biplab

We present nustar observation of the atoll type
neutron star (NS) low-mass X-ray binary (LMXB)
Serpens X-1 (Ser X-1) performed on 17 February
2018. We observed Ser X-1 in a soft X-ray spectral
state with 3 — 79 kev luminosity of Lx ~ 0.4 x 1038
erg s7! (~ 23% of the Eddington luminosity),



assuming a distance of 7.7 kpc. A positive
correlation between intensity and hardness ratio
suggests that the source was in the banana branch
during this observation. The broadband 3 — 30
kev nustar energy spectrum can be well described
either by a three-component continuum model
consisting of a disk blackbody, a single temperature
blackbody and a power-law or by a two-component
continuum model consisting of a disk blackbody
and a Comptonization component. A broad iron
line ~ 5 — 8 keV and the Compton back-scattering
hump peaking at ~ 10 — 20 kev band are clearly
detected in the X-ray spectrum. These features
are best interpreted by a self-consistent relativistic
reflection model. Fits with relativistically blurred
disc reflection model suggests that the inner disc
radius R;, is truncated prior to the ISCO at
(1.9 — 2.5) Rrsco (~ 11.4 — 15R, or 26 — 34
km) and the accretion disc is viewed at an low
inclination of i ~ 16° — 20°. The disc is likely
to be truncated either by a boundary layer or by
the magnetosphere. Based on the measured flux
and the mass accretion rate, the maximum radial
extension for the boundary layer is estimated to be
~ 6.4 R, from the NS surface. The truncated inner
disc in association with pressure from a magnetic
field sets an upper limit of B < 1.9 x 10 G. This
observation has been done in collaboration with
Gulab C. Dewangan

FEvidence of disc reflection in the X-ray spectrum
of the mneutron star low-mass X-ray binary
4U 1636-536

We present a broadband spectral analysis of the
atoll source 4U 1636-536 observed for ~ 92 ks
with nustar. The source was found to be in a
low-luminosity state during this observation with
3 — T9keV X-ray luminosity of Ls_7orey = (1.03 +
0.01) x 1037 ergs/s, assuming a distance of 6
kpc.  We have identified and removed twelve
type-I X-ray bursts during this observation to
study the persistent emission. The continuum
is well described by a thermal Comptonization
model nthcomp with I' ~ 1.9, kT, ~ 28keV,
and kT, ~ 0.9keV. The NuSTAR data reveal
a clear signature of disc reflection, a significantly
broad Fe-K emission line (around 5 — 8keV'), and
the corresponding reflection hump (around 15 —
30keV). We have modelled the data with two
relativistically blurred reflection models. Both
families of reflection models prefer truncated inner
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disc radii prior to the ISCO. We find that the inner
disc is truncated with an inner radius of R;, =
(3.2 — 4.7) RISC’O (2 16 — 24 Rg or 36 — 54 km).
This inner disc radius suggests that the neutron
star magnetic field strength is B < 2.0 x 10° G.
This observation has been done in collaboration
with Gulab C. Dewangan

Soumen Mondal and Prasad Basu

On the properties of dissipative shocks in the
relativistic accretion flows

In this work, we study the properties of dissipative
shocks for fully relativistic accretion flows around
spinning black holes. In an accretion flow
harbouring a dissipative shock (formally known
as radiative shock), a significant portion of
the thermal energy may get released from the
post-shock corona. A stellar-mass black hole
may therefore emit hard X-rays from the inner
edge of the disc. If the bulk energy loss is
significant, post-shock pressure drops, and shock
moves forward towards the black hole compressing
the size of the post-shock corona, resulting an
enhancement of the corona temperature and
compression ratio. The dynamical properties of
the radiative shocks are therefore systematically
investigated to understand accurately the radiative
loss processes, temporal variations, and the
spectral properties. We notice that the range
of flow parameters (e.g. energy and angular
momentum) responsible for the formation of shocks
in accretion (SA) is identical for both the cases
of standing and dissipative shocks. The spin of
the black hole enhances the dissipation further.
We estimate the maximum energy release, which
is observed close to 100 per cent in the extreme
cases. This could be useful in explaining various
observed phenomena namely the formation and the
systematic evolution of quasi-periodic oscillations,
and the time lags in between hard and soft X-ray
photons (e.g. XTE J1550-564, GRO J1655-40, etc.)
during their outbursts.

Soumen Mondal

FIRST winged radio galaxies with X and Z
symmetry

X-shaped radio galaxies (XRGs) are a subclass
of radio sources that exhibit a pair of secondary
low surface brightness radio lobes oriented at



an angle to the primary high surface brightness
lobes. Sometimes, they emerge from the edges
of the primary high brightened lobes and form
a Z-symmetric morphology. We present a
systematical search result for XRGs and Z-shaped
radio galaxies (ZRGs) from the VLA faint images
of the radio sky at twenty-centimeters (VLA
FIRST) survey at 1.4 GHz. Our search yields
a total of 296 radio sources, out of which 161
are XRGs and 135 are ZRGs. We have also
made optical identification of these sources from
the different available literature. J1124+44325 and
J1319+0502 are the farthest known XRG and ZRG,
respectively. We have estimated spectral index and
radio luminosity of these radio sources and made a
comparative study with previously detected XRGs
and ZRGs. The average value of luminosities for
XRGs is higher than that of ZRGs. With the
help of a large sample size of the newly discovered
XRGs and ZRGs, various statistical properties of
these sources are studied. Out of 161 XRGs
presented, 70% (113) are FR II radio galaxies
and 13% (20) are FR I radio galaxies. For 28
XRGs, the morphology is complex and could not
be classified. For XRGs, the statistical studies are
done on the angle between the major and minor
axes and the relative size of these axes. For the
ZRGs, a statistical study is done on the angular
size. This work has been done in collaboration
with Soumen Bera, Sabyasachi Pal, and Tapan K.
Sasmal.

Hemwati Nandan

Particle collisions near static spherically symmetric
black holes

It has been shown by Banados, Silk and West
(BSW) that the centre of mass energy (Ecm) of test
particles starting from rest at infinity, and colliding
near the horizon of a Schwarzschild black hole is
always finite. In this note, we extent the BSW
scenario and study two particles with different
energies colliding near the horizon of a static
spherically symmetric black hole. Interestingly, we
find that even for the static spherically symmetric
(i.e., Schwarzschild like) black holes, it is possible
to obtain an arbitrarily high F.,, from the two test
particles colliding near but outside of the horizon
of a black hole, if one fine-tunes the parameters
of geodesic motion. This work has been done
in collaboration with Eva Hackmann, and Pankaj
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Sheoran.
Schwarzschild — black  hole  surrounded by
quintessential matter field as an accelerator

for spinning particles

We study the collision of two massive particles with
non-zero intrinsic spin moving in the equatorial
plane in the background of a Schwarzschild black
hole surrounded by quintessential matter field
(SBHQ). For the quintessential matter equation of
state (EOS) parameter, we assume three different
values. It is shown that for collisions outside
the event horizon, but very close to it, the
centre-of-mass energy (FEgy,) can grow without
bound if exactly one of the colliding particles is
what we call near-critical, i.e., if its constants
of motion are fine tuned such that the time
component of its four-momentum becomes very
small at the horizon. In all other cases, Fcm
only diverges behind the horizon if we respect the
Mgller limit on the spin of the particles. We
also discuss radial turning points and constraints
resulting from the requirement of sub-luminal
motion of the spinning particles. This work has
been done in collaboration with Pankaj Sheoran,
Eva Hackmann, Ulises Nucamendi, and Amare
Abebe.

Rajesh K. Nayak

Implementation of the dual foliation generalized
harmonic gauge formulation with application to
spherical black hole excision

The formalism promises to give greater freedom
in the choice of coordinates that can be used in
numerical relativity. As a specific application, we
focus on the treatment of black holes in spherical
symmetry.  Existing approaches to black hole
excision in numerical relativity are susceptible to
failure if the boundary fails to remain outflow. Our
approach relies on carefully choosing coordinates in
which the coordinate light speeds are under strict
control so that the excision boundary must remain
outflow. These coordinates are then combined with
the DF-GHG formulation. After performing a set
of validation tests in a simple setting, we study the
accretion of large pulses of scalar field matter on
to a spherical black hole. We compare the results
of DF-excision with a naive setup. DF-excision
proves reliable even when the previous approach
fails. This work has been done in collaboration
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with Maitraya K. Bhattacharyya, David Hilditch,
Sarah Renkhoff, Hannes R. Ruter, et al.

Analytical and numerical treatment of perturbed
black holes in horizon-penetrating coordinates

The deviations of non-linear perturbations of
black holes from the linear case are important
in the context of ringdown signals with large
signal-to-noise ratio. To facilitate a comparison
between the two, we derive several results of
linear perturbation theory in coordinates which
may be adopted in numerical work. Specifically,
our results are derived in Kerr-Schild coordinates
adjusted by a general height function. In the
first part, we address the questions: For an
initial configuration of a massless scalar field,
what is the amplitude of the excited quasinormal
mode (QNM) for any observer outside the event
horizon, and furthermore, what is the resulting
tail contribution? This is done by constructing
the full Greens function for the problem with
exact solutions of the confluent Heun equation
satisfying appropriate boundary conditions. In the
second part, we detail new developments to our
pseudo-spectral numerical relativity code bamps
to handle scalar fields. In the linear regime,
we employ precisely the Kerr-Schild coordinates
treated by our previous analysis. In particular,
we evolve pure QNM type initial data along with
several other types of initial data and report on the
presence of overtone modes in the signal. This work
has been done in collaboration with Maitraya K.
Bhattacharyya, David Hilditch, Hannes R. Ruter,
and Bernd Brugmann.

Biswajit Pandey

Do galactic bars depend on environment?: An

information theoretic analysis of Galaxy Zoo 2

We use an information theoretic framework to
analyze data from the Galaxy Zoo 2 project
and study if there are any statistically significant
correlations between the presence of bars in spiral
galaxies and their environment. = We measure
the mutual information between the barredness
of galaxies and their environments in a volume
limited sample (M, < —21), and compare it
with the same in datasets where (i) the bar/unbar
classifications are randomized, and (ii) the spatial
distribution of galaxies are shuffled on different
length scales. We assess the statistical significance
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of the differences in the mutual information
using a t-test, and find that both randomization
of morphological classifications and shuffling of
spatial distribution do not alter the mutual
information in a statistically significant way. The
non-zero mutual information between barredness
and environment arises due to the finite and
discrete nature of the dataset, which can be entirely
explained by mock Poisson distributions. We also
separately compare the cumulative distribution
functions of the barred and unbarred galaxies
as a function of their local density. Using a
Kolmogorov-Smirnov test, we find that the null
hypothesis can not be rejected even at 75%
confidence level.  Our analysis indicates that
environments do not play a significant role in the
formation of a bar, which is largely determined
by the internal processes of the host galaxy. This
study has been done in collaboration with Suman
Sarkar, and Snehasish Bhattacharjee.

A method for classification of red, blue and green
galazies using fuzzy set theory

The red and blue galaxies are traditionally
classified using some specific cuts in colour or
other galaxy properties, which are supported by
empirical arguments. The vagueness associated
with such cuts are likely to introduce a significant
contamination in these samples. Fuzzy sets are
vague boundary, which can efficiently capture the
classification uncertainty in the absence of any
precise boundary. = We propose a method for
classification of galaxies according to their colours
using fuzzy set theory. We use data from the SDSS
to construct a fuzzy set for red galaxies with its
members having different degrees of ‘redness’. We
show that the fuzzy sets for the blue and green
galaxies can be obtained from it using different
fuzzy operations. We also explore the possibility
of using fuzzy relation to study the relationship
between different galaxy properties and discuss its
strengths and limitations.

Mahadev B. Pandge

Ezxploring the hot gaseous halo around an extremely
massive and relativistic jet launching spiral galaxy
with XMM-Newton

We present a deep XMM-Newton observation
of the extremely massive, rapidly rotating,
relativistic-jet-launching spiral galaxy 2MASX
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J23453268-0449256. Diffuse X-ray emission from
the hot gaseous halo around the galaxy is robustly
detected out to a radius of 160 kpc, corresponding
roughly to 35 per cent of the virial radius ( 450
kpc). We fit the X-ray emission with the standard
isothermal a (8 model, and it is found that the
enclosed gas mass within 160 kpc is 1.157933 x
101 M. Extrapolating the gas mass profile out
to the virial radius, the estimated gas mass is
8.2571:52 % 10'* M), which makes up roughly 65
per cent of the total baryon mass content of
the galaxy. When the stellar mass is considered
and accounting for the statistical and systematic
uncertainties, the baryon mass fraction within the
virial radius is 0.12170953 | in agreement with
the universal baryon fraction. The baryon mass
fraction is consistent with all baryons falling within
1200, or with only half of the baryons falling within
r200. Similar to the massive spiral galaxies NGC
1961 and NGC 6753, we find a low value for the
metal abundance of 0.1Mg), which appears uniform
with radius. We also detect diffuse X-ray emission
associated with the northern and southern lobes,
possibly attributed to inverse Compton scattering
of Cosmic Microwave Background photons. The
estimated energy densities of the electrons and
magnetic field in these radio lobes suggest that
they are electron-dominated by a factor of 10-200,
depending on the choice of the lower cut-off
energy of the electron spectrum. This work has
been done in collaboration with Mohammad S.
Mirakhor, Stephen A. Walker, Joydeep Bagchi,
Pratik Dabhade, et al.

A detailed study of X-ray cavities in the intracluster
environment of the cool core cluster Abell 3017

We present a detailed analysis of a cool-core galaxy
cluster Abell 3017, at a redshift of z = 0.219,
which has been identified to be merging with its
companion cluster Abell 3016. This study has
made use of X-ray (Chandra), UV (GALEX),
optical (ESO/VLT), mid-infrared (WISE) and
radio uGMRT observations. Using various image
processing techniques, such as unsharp masking,
2-d fits using Beta models, contour binning and
the use of surface brightness profiles, we show the
existence of a pair of X-ray cavities, at a projected
distance of ~ 20 arcsec (70kpc) and ~16 arcsec
(57kpc), respectively from the core of Abell 3017.
We also detect an excess of X-ray emission located
at 25 arcsec ~(88kpc) south of the centre of
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Abell 3017, is likely due to the bulk motions in
the ICM, either by gas sloshing or ram-pressure
striping due to a merger. We find that the
radio lobes are responsible for the observed X-ray
cavities detected in this system. The lower values
of mid-IR WISE colour [W1-W2| and [W2-W3]
imply that the central BCG of Abell 3017 is a
star-forming galaxy. The current star formation
rate of the central BCG, estimated from the Ho
and GALEX FUV luminosities, are equal to be
~ 5.06 & 0.78 Meyr~—! and ~ 9.20 & 0.81 Mgoyr—!,
respectively. We detect, for the first time, a radio
phoenix ~150kpc away from the radio core, with
a spectral index of (o« <—1.8). We also report the
detection of Pa, emission in this cluster using ESO
VLT SINFONI imaging data. This work has been
done in collaboration with Biny Sebastian, Ruchika
Seth, and Somak Raychaudhury.

Uma Papnoi

Thermodynamics from field equations for charged
radiating rotating black hole near horizon

It is well known that near horizon black hole
spacetimes, show a resemblance to thermodynamic
systems, it is easy to associate the thermodynamic
parameters like temperature and entropy with
them. We study the connection between
gravitational dynamics of the horizon and
thermodynamics for the case of charged radiating
rotating axially symmetric black holes. It is shown
that Einstein field equation near apparent horizon
can be interpreted in the form of thermodynamic
law, i.e., TdS = dM(v) — QudJ — ®dQ(v). This
work has been done in collaboration with Sushant
G. Ghosh.

Amit Pathak

Synthesis, structural and vibrational spectroscopic

investigation of  molecules: N-n-butyl,
S-2-nitro-1-phenylethyl dithiocarbamate and
N-n-butyl, S-2-nitro-1-(4-urophenyl) ethyl
dithiocarbamate

This work deals with the synthesis as well
as  molecular modelling and  vibrational
spectroscopic analysis of two biorelevant molecules,

namely N-n-butyl, S-2-nitro-1-phenylethyl
dithiocarbamate and  N-n-butyl, S-2-nitro-
1-(4-flurophenyl) ethyldithiocarbamate in gas

phase. The optimization of the molecular



structures of these compounds was performed
at Density Functional Theory with exchange
functional B3LYP and Hartree-Fock theory.
The customary basis set 6-31++G(d,p) was
employed during computations at both the level.
The experimental FTIR spectra of both the
compounds were recorded in range 4,000-400
cm ™! to correlate with the calculated spectra of
the compounds. The normal coordinate analysis
(NCA) method was used for the calculation
of potential energy distributions. Most of the
DFT calculated frequencies were found to agree
with the experimental FTIR frequencies. To
ensure the stability of electronic structures of
these compounds, the mnatural bond orbital
analysis (NBO) for each compound was also
performed and the analysis revealed that the
intra-molecular  interactions  resulting  from
overlapping of bonding and anti-bonding orbitals
provoke the intra-molecular charge transfer (ICT)
causing stabilization of the system. The frontier
bond orbital analysis was also performed to study
the interaction profile of the compounds. This
work has been done in collaboration with Tarun
Yadav, Goutam Brahmachari, Indrajit Karmakar,
Priyanka Yadav, et al.

Structural confirmation of biorelevant
molecule  N-iso-butyl, S-2-nitro-1-phenylethyl
dithiocarbamate in gas phase and effect of
fluorination

We have found a total of five low lying energy
structures of N-iso-butyl, S-2-nitro-1- phenylethyl
dithiocarbamate in the present investigation. All
the theoretical computations were done at DFT/
B3LYP/6-314++G(d,p) level. The FTIR spectrum
of this molecule was recorded in the spectral
range of 4,000-400 cm ™!, and this correlates well
with the theoretical spectra of energetically most
preferred conformer. The effect of fluorination
on the structural parameters and vibrational
frequencies of the most stable conformer is also
investigated. = The normal coordinate analysis
was employed to calculate the potential energy
distributions of the most stable conformer and
the fluorinated structure. Moreover, we have
also performed the natural bond orbital analysis
(NBO) for the most stable conformer and the
fluorinated structure to corroborate the stability of
the electronic structure of both the molecules. The
different thermodynamical quantities viz entropy,
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specific heat, free energy and thermal energy are
also investigated. This investigation has been
done in collaboration with Tarun Yadav, Goutam
Brahmachari, Indrajit Karmakar, Priyanka Yadav,
et al.

Bikash C. Paul

Renyi holographic dark energy in higher dimension
Cosmology

It is found that the non-interacting cosmological
model naturally leads to the late accelerated
universe, unlike the standard Holographic Dark
Energy models in the usual 4-dimensions, however,
it requires interaction to accommodate the
late-time acceleration of the universe. The
interacting model produces an accelerating
universe at late time albeit failing to attain
the estimated present value of the deceleration
parameter. The evolution of different cosmological
parameters have been estimated. We consider
two diagnostic tests namely, state-finder and
Om diagnostics proposed by Sahni to study the
non-interacting model, which is more favoured
in the light of recent cosmological observations.
Classical stability of the cosmological models
are also discussed. This work has been done in
collaboration Arindam Saha, Souvik Ghose, and
Anirban Chanda.

Bouncing scenario with causal cosmology

The cosmological model of a bouncing universe
with causal fluid in the universe is presented. The
dissipative effects of the causal cosmic fluid is
described by the truncated, and full Israel-Stewart
theory. The following classes of non-vanishing
scale factors of bouncing cosmological solutions are
considered in the presence of viscous fluid: (i) the
power-law bouncing model, (ii) the exponential
bouncing model, and (iii) the matter bouncing
model in the Einstein gravity to study the
dynamics of the early universe. The cosmological
parameters namely, the Hubble parameter,
deceleration parameter, jerk parameter in addition
to the energy density and bulk viscous pressure of
the universe are determined to construct realistic
cosmologies. The observational constraints of the
parameters of bouncing cosmological models are
estimated making use of the observed cosmological
data. The physical and geometrical aspects of
the cosmological models based on the imposed



constraints are also estimated. This work has been
done in collaboration with Partha S. Debnath.

Surajit Paul

uGMRT HI 21-cm absorption observations of two
extremely inverted spectrum sources

We report the detection of HI 21-cm absorption
in a member of the rare and recently discovered
class of compact radio sources, "Extremely Inverted
Spectrum Extragalactic Radio Sources (EISERS)’.
EISERS conceivably form a special sub-class of the
inverted spectrum radio galaxies since the spectral
index of the optically thick part of the spectrum
for these sources crosses the synchrotron self
absorption limit of @ = +2.5 (S(v) @ v *). We have
searched for HI absorption in two EISERS using
the recently upgraded Giant Metrewave Radio
Telescope (uGMRT) and detected an absorption
feature in one of them. The strong associated HI
absorption detected against the source J12092032
(z=0.4040) implies an optical depth of 0.178 =+
0.02 corresponding to an HI column density of
34.8 + 2.9 X 10%° cm~?), for an assumed HI
spin temperature of 100 K and covering factor
of 1. This is among the highest known optical
depth and HI column densities found for compact
radio sources of GPC/CSS type and supports the
free-free absorption model for the steeply inverted
radio spectrum of this source. For the other source,
J1549+5038 (z = 2.171), no HI absorption was
detected in our observations. This work has been
done in collaboration with Mukul Mhaskey, Neeraj
Gupta, Dipanjan Mukherjee, and Gopal-Krishna

Ninan S. Philip

Deconvolution of astronomical images

Ground based telescope images gets distorted by
fluctuations in the atmosphere. Two possibilities
exist to somewhat resolve this situation (i) Use
machine learning tools to learn how a ground based
image of a celestial object should be modified to
look like its space telescope image. Once learned,
the tool will be able to do similar transformation
on all images taken in similar settings by ground
based telescopes. (ii) Design an Adaptive Optics
(AO) algorithm that can synchronise the mirror
orientations with the atmospheric fluctuations so
as to nullify the effect of the atmosphere. We
have been working on a deep learning model
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using Generative Adversarial Networks (GAN)
for mapping ground based images taken by
ZTF survey to space telescope images taken by
Hubble.  The deep learning AO algorithm is
desired to perform faster than existing methods
to control the actuators used in large AO driven
telescopes. The first phase of development used
noise free sky simulation and the performance of
the algorithm was exceptional. However, when
random Poison noise was added, the performance
degraded drastically. We are trying to quantify
the SNR to which similar methods might perform
better than existing methods for AO. This work has
been done in collaboration with Ajit K. Kembhavi,
Kaushal Sharma, A. N. Ramaprakash, Sorabh
Chhabra, et al.

NLP for fake domain identification

Natural Language Processing (NLP) finds lot
of application in the bigdata era. However,
the challenges are also not negligible.  When
information is on the network, validating genuine
sources becomes a real challenge. There are a set
of tools commonly known as Domain Generation
Algorithms (DGA) that fake real domain names
with hacker controlled sites. Detecting and
isolating such fake sources is a big challenge. We
at airis4D have developed an NLP algorithm that
could detect and alert users by training a machine
learning algorithm on known DGA and non-DGA
domain names. DGA names are usually generated
by software, and hence, are mostly combinations
of random words or letters. This was the key
identification criteria used by the algorithm. This
work has been done in collaboration with Ann
Mathew.

Ananta C. Pradhan

Ultraviolet Imaging Telescope (UVIT) observation
of the galactic globular cluster NGC 7492

We present detailed photometric observations of
the galactic globular cluster NGC 7492 using
the data obtained with two far-ultraviolet (FUV:
1300 - 1800 A), and three near-ultraviolet (NUV:
2000 - 3000 A) filters of Ultraviolet Imaging
Telescope (UVIT) on-board the AstroSat satellite.
We confirmed the cluster membership of the
extracted sources using GAIA data release 2
(Gaia DR2) proper motion data.  We have
used colour-magnitude diagrams (CMDs) using
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UVIT and GAIA filters to separate out different
evolutionary stages of the stars present in the
cluster. We have identified a new extreme
horizontal branch (EHB) star at the core of the
cluster using UV and UV-optical CMDs. The
estimated distance-modulus of the cluster is 16.95+
0.05 obtained by fitting BaSTI isochrones with
cluster parameters, [Fe/H| = —1.8 dex and age
= 12.0 Gyr on the V — I vs V CMD. Interestingly,
only the EHB star and blue horizontal branch
stars (BHBs) among the UV-bright hot sources
are detected in FUV filters of UVIT. We have
derived the effective temperature of BHBs using
colour-temperature relation and spectral energy
distributions (SEDs) of multi-band filters, which
are in the range from 8,000 K to 10,500 K. We find
a variation of He abundance of BHBs by fitting the
BaSTI ZAHB. The range in the He abundance of
the BHBs corresponding to the best fit isochrones
is 0.247 to 0.350. We have studied the radial
distribution of all the sources of the cluster detected
in UVIT. The sources detected in FUV filters
extend beyond the half light radius (1.15’) of the
cluster, whereas the sources detected in NUV filters
extend beyond the tidal radius (9.2') of the cluster.
This work has been carried out in collaboration
with Ranjan Kumar, Abhisek Mohapatra, Ayush
Maharana, Devendra K. Ojha, et al.

Study of galactic structure using UVIT/AstroSat
star counts

The structure of our Galaxy has been studied
from ultraviolet (UV) star counts obtained with
the Ultra-Violet Imaging Telescope (UVIT) on
board the AstroSat satellite, in Far-UV (FUV) and
Near-UV (NUV) bands. The F154W (BaF2) and
N263M (NUVB4) filters were used in the FUV and
NUYV bands, respectively. The point sources are
separated from the extra-galactic sources of UVIT
observations using infrared (IR) colour cut method.
The observed UVIT star counts match well with
the simulations obtained from the Besancon model
of stellar population synthesis towards several
galactic directions. We also estimated the scale
length and scale height of the thick disc and the
scale height of the thin disc using the space density
function and the exponential density law for the
stars of intermediate galactic latitudes. The scale
length of the thick disc ranges from 3.11 to 5.40
kpc, whereas the scale height ranges from 530 + 32
pc to 630 £ 29 pc. The scale height of the thin disc
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comes out to be in the range of 230 £ 20 pc to 330
4+ 11 pc. This work is done in collaboration with
Ranjan Kumar, Devendra K. Ojha, Sonika piridi,
Tapas Baug, et al.

Anirudh Pradhan

Friedmann-Robertson- Walker
Universe with interactive dark energy

accelerating

We have presented an FLRW universe containing
two-fluids (baryonic and dark energy), by assuming
the deceleration parameter as a linear function
of the Hubble function. This results in
a time-dependent deceleration parameter (DP)
having a transition from past decelerating to the
present accelerating universe. In this model, dark
energy (DE) interacts with dust to produce a new
law for the density. As per our model, our universe
is at present in a phantom phase after passing
through a quintessence phase in the past. The
physical importance of the two-fluid scenario is
described in various aspects. The model is shown
to satisfy current observational constraints such
as recent Planck results. Various cosmological
parameters relating to the history of the universe
have been investigated. This work has been done in
collaboration with Gopi K. Goswami, Aroonkumar
Beesham, and Archana Dixit.

Barrow HDE model for Statefinder diagnostic in
EFLRW wuiverse

We have analyzed the Barrow holographic dark
energy (BHDE) in the framework of the flat
FLRW universe by considering the various
estimations of Barrow exponent A. Here, we
define BHDE, by applying the usual holographic
principle at a cosmological system, for utilizing
the Barrow entropy rather than the standard
Bekenstein-Hawking. To understand the recent
accelerated expansion of the universe, we have
considered the Hubble horizon as the IR cut-off.
The cosmological parameters, especially the
density parameter (€,), the equation of the
state parameter (w,), energy density (p,), and
the deceleration parameter (q) are studied, and
found the satisfactory behaviours. Moreover, we
additionally focus on the two geometric diagnostics,
the Statefinder (r,s) and O,,(z) to discriminant
BHDE model from the ACDM model. We
have determined and plotted the trajectories of
evolution for Statefinder (r,s), (r,q) and O,,(z)
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diagnostic plane to understand the geometrical
behaviour by utilizing Planck 2018 observational
information. Finally, we have explored the new
Barrow exponent A, which strongly affect the
dark energy equation of state that can lead it to
lie in the quintessence regime, phantom regime,
and exhibits the phantom-divide line during the
cosmological evolution. This work has been done
in collaboration with Archana Dixit, and Vinod K.
Bhardwaj.

Ramprasad Prajapati

Gravitational instability with dust charge gradient
and ion drag forces in unmagnetized dusty plasma

The influence of dust charge gradient force and ion
drag force on the fragmentation of unmagnetized,
self-gravitating dust cloud has been studied.
The thermal electrons satisfy the Boltzmann
relation, while inertialess ions are affected by the
ion-neutral collisions. The dynamics of dusty
fluid are modified by ion drag, charge gradient,
and gravitational forces. The onset criterion of
pinching instability and gravitational instability is
derived. The pinching instability depends upon
the critical ion drag coefficient and dust charge
variation parameter. In the laboratory, complex
plasma, with finite dust charge variations, the
ion drag coefficient larger than the critical value
causes pinching instability. This results in the
fragmentation of the dusty cloud, which is affected
due to the dust charge variations. The ion drag
coefficient has destabilizing, while the dust charge
variation parameter has stabilizing influence on the
growth rate of the linear gravitational instability.
The results have been discussed to understand the
dust cloud collapse in the astrophysical system.
This work has been done in collaboration with
Bivash Dolai.

Effects of dust-charge gradient and polarization
forces on the waves and Jeans instability in strongly
coupled dusty plasma

The effects of dust charge gradient (DCG) force
and polarization force have been investigated
on the properties of dust acoustic wave (DAW)
and linear Jeans instability in strongly coupled
dusty plasma. In the kinetic regime, DCG and
polarization forces modify the DAW mode and
couple with compressional viscoelastic wave mode.
The Jeans instability criterion and critical wave
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number have been modified due to DCG force,
polarization force, and strong coupling effects.
The results have been discussed in the warm
photo-disassociation region and in the laboratory
complex plasmas. The strong correlation effect and
the charge variation parameter stabilize the growth
rate of Jeans instability. But, the polarization
parameter stabilize the growth rate for positively
charged dust grains and destabilize for negatively
charged dust grains. The implications of charge
gradient and polarization parameters are discussed
for lower and higher charges in the laboratory
complex plasma, which decreases the growth of
the propagating DAW. This work has been done
in collaboration with Bivash Dolai .

Farook Rahaman

Colour-flavour locked quark stars n

energy-momentum squared gravity

Several attempts have been made in the past
decades to search for the true ground state of the
dense matter at sufficiently large densities and low
temperatures via compact astrophysical objects.
Focusing on strange stars, we derive the hydrostatic
equilibrium assuming a maximally symmetric
phase of homogeneous super-conducting quark
matter called the colour-flavour-locked (CFL)
phase in the background of energy-momentum
squared gravity (EMSG). Theoretical and
experimental investigations show that strange
quark matter (SQM) in a CFL state can be the
true ground state of hadronic matter at least
for asymptotic densities, and even if the unequal
quark masses. Motivated by these theoretical
models, we explore the structure of stellar objects
in recently proposed EMSG, which allows a
correction term 7}, 7}, in the action functional of
the theory. Interestingly, EMSG may be effective
to resolve the problems at high energy densities,
e.g., relevant to the early universe and dense
compact astrophysical objects without invoking
some new forms of fluid stress, such as bulk
viscosity or scalar fields. Finally, we solve the
complicated field equations numerically to obtain
the mass-radius relations for strange stars in CFL
equation of state. This work has been done in
collaboration with Ksh. Newton Singh, Ayan
Banerje, and Sunil K. Maurya.



Conformally symmetric traversable wormholes in
modified teleparallel gravity

We consider wormhole geometries in the context of
teleparallel equivalent of general relativity (TEGR)
as well as f(T) gravity. The TEGR is an alternative
geometrical formulation of Einstein’s general
relativity, where modified teleparallel gravity or
f(T) gravity has been invoked as an alternative
approach for explaining an accelerated expansion
of the universe. We present the analytical solutions
under the assumption of spherical symmetry, and
the existence of a conformal Killing vectors to
proceed a more systematic approach in searching
for exact wormhole solutions. More preciously,
the existence of a conformal symmetry places
restrictions on the model. Considering the field
equations with a diagonal tetrad and anisotropic
distribution of the fluid, we study the properties of
traversable wormholes in TEGR that violates the
weak and the null energy conditions at the throat
and its vicinity. In the second part, wormhole
solutions are constructed in the framework of f(T)
gravity, where T represents torsion scalar. As a
consistency check, we also discuss the behaviour
of energy conditions with a viable power-law f(T)
model and the corresponding shape functions.
In addition, a wide variety of solutions are
deduced by considering a linear equation of state
relating the density and pressure, for the isotropic
and anisotropic pressure, independently of the
shape functions, and various phantom wormhole
geometries are explored. This work has been done
in collaboration with Ksh. Newton Singh, Ayan
Banerjee, and Mahmood K. Jasim.

Chayan Ranjit

Constraints on energy momentum squared gravity
from cosmic chronometers and supernovae Type la
data

We perform an observational data analysis on the
energy momentum squared gravity model. Possible
solutions for matter density are obtained from
the model and their cosmological implications are
studied. Some recent observational data is used
to constrain model parameters using statistical
techniques. We have used the cosmic chronometer
and SNe Type-Ta Riess (292) H(z)—z data-sets, We
have also used baryon acoustic oscillation (BAO)
peak parameter and cosmic microwave background
(CMB) peak parameter to obtain bounds on the
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model parameters. For the statistical analysis, we
have used the minimization technique of the x?
statistic. Confidence contours have been generated
for the predicted values of the free parameters at
the 66%, 90% and 99% confidence levels. Finally,
we have compared our analysis with the union2
data sample presented by Amanullah, et al. 2010,
and the recently published Pantheon data sample.
A multi-component model is investigated by adding
dust to a general cosmological fluid with equation
of state w = —1/3. The density parameters were
studied and their values were found to comply with
the observational results. This work has been done
in collaboration with Prabir Rudra, and Sujata
Kundu.

Compact stellar models in modified gravity

We have considered that the compact objects are
following a spherically symmetric static metric
and obtained the Einstein field equations in the
spacetime of f(T,7). To make the Einstein
equations solvable, we employ the methodology of
conformal Killing vectors. Thereafter, by using the
MIT Bag equation of state to the compact stars,
considering that the stars are formed by strange
quark, we find the solutions set. The solutions
are examined via several physical testings which
exhibit viability of the model. This work has been
done in collaboration with Ines G. Salako, Maxim
Khlopov, Saibal Ray, and Utpal Mukhopadhyay.

Shantanu Rastogi

Detection of PAH and nbL features in planetary
nebulae NGC' 7027 and BD +30 ° 3639 with
TIRCAM2 instrument on 8.6 m DOT

High resolution infrared imaging observations of
the young Planetary Nebulae NGC 7027 and BD
+30° 3639, taken with the newly installed TIFR
Infrared Camera-II (TIRCAM2) on 3.6m Devasthal
Optical Telescope (DOT), ARIES, Nainital, are
being reported. The images are acquired in J,
H, K, polycyclic aromatic hydrocarbon (PAH) and
narrow-band L (nbL) filters. The observations
show emission from warm dust and PAHs in the
circumstellar shells. The imaging of the two objects
are among the first observations in PAH and
nbL bands using TTRCAM2 on DOT. The NGC
7027 images in all bands show similar elliptical
morphology with ~ 677 and ~ 4”5 semi-major
and semi-minor axes. Considering size up to



10% of peak value, the nebula extends upto 8
” from the central star revealing a multi-polar
evolution. The relatively cooler BD +30° 3639
shows a rectangular-ring shaped nebula. In J and H
bands, it shows an angular diameter of ~ 8, while
a smaller ~ 6 ’/9 size is observed in K, PAH and nbL
bands. The 3.28 ym emission indicates presence of
PAHs at about 6,000 and 5,000 AU from the central
stars in NGC 7027, and BD +30° 3639 respectively.
Analysis suggests domination of neutral PAHs in
BD +30° 3639, while in NGC 7027 there is higher
ionization and more processed PAH population.
This work has been done in collaboration with
Rahul K. Anand, Brijesh Kumar, Arpan Ghosh,
Saurabh Sharma, et al.

Response of ambient BC' concentration across the
Indian region to the nation-wide lockdown: Results
from the ARFINET measurements of ISRO-GBP

We assess the response of ambient aerosol
black carbon (BC) mass concentrations and
spectral absorption properties across Indian
mainland during the nation-wide lockdown (LD)
in connection with the Corona virus Disease 19
(COVID-19) pandemic. The LD had brought
near to total cut-off of emissions from industrial,
traffic (road, railways, marine, and air) and
energy sectors, though the domestic emissions
remained fairly unaltered. This provided a
unique opportunity to delineate the impact of
fossil fuel combustion sources on atmospheric BC
characteristics. In this context, the primary data
of BC measured at the national network of aerosol
observatories (ARFINET) under ISRO-GBP are
examined to assess the response to the seizure
of emissions over distinct geographic parts of
the country. Results indicate that average BC
concentrations over the Indian mainland are curbed
down significantly (10-40%) from prelockdown
observations during the first and most intense
phase of lockdown. This decline is significant
with respect to the long-term (2015-2019) averaged
(climatological mean) values. The drop in BC
is most pronounced over the Indo-Gangetic Plain
(> 60%) and north-eastern India (> 30%) during
the second phase of lockdown, while significant
reduction is seen during LD1 (16-60%) over central
and peninsular Indian as well as Himalayan and
sub-Himalayan regions.  Despite such a large
reduction, the absolute magnitude of BC remained
higher over the IGP and north-eastern sites
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compared to other parts of India. Notably, the
spectral absorption index of aerosols changed very
little over most of the locations, indicating the still
persisting contribution of fossil-fuel emissions over
most of the locations. This work has been done
in collaboratio with Mukunda M. Gogoi, S.Suresh
Babu, B. S. Arun, K. Krishna Moorthy, et al.

C. D. Ravikumar

Central intensity ratio of early-type galaxies in
low-density environment

We have extended the study of Central Intensity
Ratio (CIR) by selecting a sample of 52 early-type
galaxies from low density environment to be
negatively observed with high resolution optical
observation from Hubble Space Telescope, and
reported significant correlations with the mass
of the central super-massive black hole, central
velocity dispersion, absolute B-band magnitude,
stellar bulge mass, and central Mg 2 index of the
host galaxy. The study proposes the use of CIR
as a simple, fast, and efficient photometric tool
for exploring the co-evolution scenario existing in
galaxies, and has been done in collaboration with
K. Sruthi

Heavy quarkonium properties at finite temperature
wn strongly coupled quark gluon plasma

We have tried to understand the heavy quarkonium
properties at finite temperature by solving the
N-dimensional radial Schrodinger equation using
the Analytical Exact Iteration method.  The
two body potential in strongly coupled quark
gluon plasma was used. The energy eigen values
were estimated in the N-dimensional spce for any
state (n, 1). The variations of binding energy
and mass spectra with temperature were explored
in the N-dimensional space, and estimations for
dissociation temperatures for different states of
quarkonia were calculated. This work has been
done in collaboration with K. T. Rethika, and V.
M. Bannur.

Saibal Ray

Decoupling gravitational sources in f(R,T) gravity
under class I spacetime

We have presented a simple and effective new
methodology to build up self-gravitating structures
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driven by an imperfect fluid distributions. This
approach is developed within the framework
of f(R,T) gravity theory by combining two
geometrical schemes, the gravitational decoupling
by means of minimal geometric deformation and
the embedding technique, specifically the class
I grasp. The former, allows to introduce
extra matter fields into the system, modifying
the energy momentum tensor, as well as new
degrees of freedom altering the mass function
and its associated metric potential, i.e., the
grr component. On the other hand the
class I focusing, provides precious and useful
mathematical information to determine the full
geometrical description of the internal spacetime.
Furthermore, to obtain the final form of the
modified material content, the so-called mimic
constraint procedure is employed. To check the
mathematical, physical and astrophysical viability
of the present proposal, the authors have framed
a detailed discussion on the matching condition
process and studied the effects introduced by the
mimic constraint approach on the mass function.
Finally, to support the feasibility of the results
a thorough graphical analysis is performed. This
has been studied in collaboration with Sunil K.
Maurya, and Francisco Tello-Ortiz.

N. R. Sen : Father of Indian applied mathematics

Nikhil Ranjan Sen (1894 - 1963), popularly known
as N.R. Sen, is known as the Father of Applied
Mathematics, and founder of the Calcutta School
of Relativity Theory. He did Ph.D. in Berlin under
the Nobel Laureate Max von Laue. In Berlin, he
came in contact with renowned physicists like Max
Planck, Albert Einstein and their contemporaries.
This article is based on the primary sources,
discusses the lesser known facts of his life, like
the beginning of scientific career, background of
his D.Sc. as well as Ph.D. theses, and detailed
summary of his scientific works. This article is
written collaboration with Utpal Mukhopadhyay,
and Ranjinder Singh.

Prabir Rudra

Thermodynamics in f(R,L) theories: Apparent

horizon in the FLRW spacetime

The uniqueness of these theories lies in the fact
that the spacetime curvature is coupled to the
baryonic matter instead of exotic matter (in
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the form of scalar field). We investigate the
viability of these theories from the point of view
of the thermodynamic stability of the models.
To be more precise here, we are concerned with
the thermodynamics of the apparent horizon of
Friedmann-Lemaitre-Robertson-Walker  (FLRW)
spacetime in the background of the f(R, L) theory.
We consider several models of f(R,L) theories,
where both minimal and non-minimal coupling
has been considered.  Various thermodynamic
quantities like entropy, enthalpy, internal energy,
Gibbs free energy, etc. are computed, and using
their allowed ranges, various model parameters
are constrained. This work has been done in
collaboration with Behnam Pourhassan.

Note on the thermodynamic stability of a black ring
at quantum scales

The thermodynamic properties of a thin black ring
in AdS spacetime is explored when the size of the
ring is comparable to quantum scales. The angular
momentum to mass ratio of this system has an
upper limit, which is the cosmological radius of the
black ring. It is found that the small black ring
will be thermodynamically stable due to the effects
introduced by thermal fluctuations. However, we
find that the black ring is less stable than thermal
AdS. Thermodynamic analysis indicates that there
is no critical point, but there is Hawking-Page
transition to radiation, which is confirmed by the
Gibbs free energy analysis. This work has been
done in collaboration with Robert B. Mann, and
Behnam Pourhassan.

Sanjay K. Sahay

DRLDO: A novel DRL based de-obfuscation system
for defense against Metamorphic malware

We propose a mnovel mechanism to normalize
metamorphic and obfuscated malware down
at the opcode level and hence create an
advanced metamorphic malware de-obfuscation
and defense system. With the inclusion of
the DRLDO as a sub-component, an existing
intrusion detection system could be augmented
with defensive capabilities against ’zero-day’
attacks from obfuscated and metamorphic variants
of existing malware.  This gains importance,
not only because there exists no system to date
that uses advanced DRL to intelligently and
automatically normalize obfuscation down even to
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the opcode level, but also because the DRLDO
system does not mandate any changes to the
existing IDS. The DRLDO system does not even
mandate the IDS’ classifier to be retrained with
any new dataset containing obfuscated samples.
Hence, DRLDO could be easily retrofitted into
any existing IDS deployment. Experimental results
prove that DRLDO was able to successfully make
the otherwise un-detectable obfuscated variants of
the malware detectable by an existing pre-trained
malware classifier.  Further, the de-obfuscated
variants generated by DRLDO achieved a very high
correlation (of 0.99) with the base malware. This
observation validates that the DRLDO system is
actually learning to de-obfuscate and not exploiting
a trivial trick. This work has been done in
collaboration with Mohit Sewak, and Hemant
Rathore

Privacy-preserving mutual authentication and key
agreement scheme for multi-server healthcare
system

The usage of different technologies and smart
devices help to get medical services remotely for
multiple benefits.  Thus, critical and sensitive
data is exchanged between a user and a doctor.
When health data is transmitted over a common
channel, it becomes essential to preserve various
privacy and security properties in the system.
Further, the number of users for remote services
is increasing day-by-day exponentially, and thus,
it is not adequate to deal with all users using
the one server due to the verification overhead,
server failure, and scalability issues. Thus,
researchers proposed various authentication
protocols for multi-server architecture, but most
of them are wvulnerable to different security
attacks and require high computational resources
during the implementation. To tackle privacy
and security issues using less computational
resources, we propose a privacy-preserving mutual
authentication and key agreement protocol for
a multi-server healthcare system. We discuss
the proposed schemes security analysis and
performance results to understand its security
strengths and the computational resource
requirement.  Further, we do the comparison
of security and performance results with recent
relevant authentication protocols. This work has
been done in collaboration with Trupil Limbasiya,
and Bharath Sridharan.
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Sandeep Sahijpal

Thermodynamics of dust condensation around the
dimmang Betelgeuse

Betelgeuse is one of the brightest red super-giant
(RSG) stars, because of its proximity to the s olar
system. This makes it important when deducing
the features and evolutionary phases of RSG stars.
Betelgeuse has always been a well-observed target,
especially during the past year, because of the
reduction in its brightness. It has been speculated
that the star is in its last evolutionary stage(s),
and that, it is soon going to explode. However,
in recent work, it has been proposed that the
episodic mass loss and dust condensation around
the star are major reasons for the reduction
in its brightness. We have performed detailed
thermodynamical equilibrium and non-equilibrium
calculations of the condensation of dust grains
around the cooling envelope of Betelgeuse. Based
on the deduced chemical composition, we have
ventured to determine the nature of dust that could
condense in the stellar winds. The dust grains are
essentially found to be oxides of Al, Ca and Ti,
and silicates of Al, Ca, Mg and Fe-metal. Further,
we have determined the normalized masses of the
dust grains of various compositions that could be
present around the star and could be causing the
reduction in its brightness. This work has been
done in collaboration with Anuj Gupta.

Gauranga C. Samanta

Gravitational effect in  traversable

wormholes

lensing

We study the effect of strong gravitational lensing
in the context of charged wormhole. The conditions
determining the existence of photon spheres at and
outside the throat are obtained. The necessary
and sufficient conditions for the existence of photon
spheres at or outside the throat of the charged
wormhole are derived. Furthermore, photon
spheres are investigated in three cases for three
different forms of redshift function. These three
cases include the existence of effective photon
spheres (i) at the throat, (ii) outside the throat and
(iii) both at and outside the throat. Consequently,
these provide the information about the formation
of infinite number of concentric rings and may lead
to the detection of wormhole geometries. This work
has been done in collaboration with Nisha Godani.



Cosmological ~dynamics in R% gravity with

logarithmic trace term

A novel function for modified gravity is proposed,
f(R,T) = R+ AR? + 28In(T), with constants
A and (3, scalar curvature R, and the trace of
stress energy tensor T, satisfying T" = p — 3p >
0. Subsequently, two equations of state (EoS)
parameters, namely w and a parametric form of
the Hubble parameter H, are employed in order
to study the accelerated expansion and initial
cosmological bounce of the corresponding universe.
Hubble telescope experimental data for redshift z
within the range 0.07 < z < 2.34 are used to
compare the theoretical and observational values
of the Hubble parameter. Moreover, it is observed
that all the energy conditions are fulfilled within a
neighbourhood of the bouncing point ¢ = 0, which
shows that the necessary condition for violation of
the null energy condition, within a neighbourhood
of the bouncing point in general relativity, could be
avoided by modifying the theory in a reasonable
way. Furthermore, a large amount of negative
pressure is found, which helps to understand
the late time accelerated expansion phase of the
universe. This work has been done in collaboration
with Emilio Elizaldo, and Nisha Godani.

Rathin Sarma and Amit Pathak

NuSTAR observation of Ark 564 reveals the
variation of coronal temperature with flux

Earlier we studied spectral variability of X-ray
bright AGN Ark 564 using NuSTAR observation.
We performed flux-resolved spectroscopy for
NuSTAR data of Ark 564 and found an evidence
of Compton up-scattering process occurs in the
corona. We extended similar works to another
AGN ES0103-035 since using NUSTAR data.
Buisson, et al. found a low temperature corona
in the source. Interestingly ES0103-035 exhibits
completely opposite behaviour in comparison to
Ark 564. The coronal temperature is found to
increase with flux. The results may be understood
in a framework where AGN variability is either
dominated by coronal heating variation leading to
correlated increase of temperature with flux, and
the opposite effect being seen when the variability
is dominated by changes in the seed photon flux. In
order to study the variability of a source in different
energy ranges, the fractional variability is a very
useful tool. We have tried to develop a simple
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method that can predict the fractional variability
for highly variable NLS1 galaxy. Initially we
have checked our result for different observations
of MRK335 and found satisfactory result. This
work has been done in collaboration with Samuzal
Barua, Ranjeev Misra, and Biman J. Medhi.

Anjan A. Sen

Is there an early Universe solution to Hubble
tension?

We consider a low redshift (z < 0.7) cosmological
data set comprising megamasers, cosmic
chronometers, type Ia SNe and BAO, which
we bin according to their redshift. For each
bin, we read the value of Hy by fitting directly
to the flat ACDM model. Doing so, we find
that Hy descends with redshift, allowing one
to fit a line with a non-zero slope of statistical
significance 2.1o0. Our analysis rests on the use
of cosmic chronometers to break a degeneracy in
BAO data, and it will be imperative to revisit
this feature as data improves. Nevertheless, our
results provide the first independent indication of
the descending trend reported by the HOLiICOW
collaboration.  If substantiated going forward,
early Universe solutions to the Hubble tension will
struggle explaining this trend. This work is done
in collaboration with Chethan Krishnan, Eoin O.
Colgain, Ruchika Koushik, M.M. Sheikh-Jabbari,
et al.

A study on cubic Galileon gravity using N-body
simulations

We wuse N-body simulation to study the
structure formation in the cubic Galileon gravity
model, where along with the usual kinetic and
potential term, we also have a higher derivative
self-interaction term, We find that the large scale
structure provides a unique constraining power
for this model. The matter power spectrum,
halo mass function, galaxy-galaxy weak lensing
signal, marked density power spectrum as well
as count in cell are measured. The simulations
show that there are less massive halos in the cubic
Galileon gravity model than corresponding ACDM
model, and the marked density power spectrum
in these two models are different by more than
10%. Furthermore, this model shows significant
differences in voids compared to ACDM. The
number of low density cells is far higher than



that in the ACDM model. Therefore, it would be
interesting to put constraints on this model using
future large scale structure observations, especially
in void regions. This work is done in collaboration
with Jiajun Zhang, Bikash R. Dinda, Md. Wali
Hossain, and Wentao Luo.

Asoke K. Sen

Change in the direction of polarization vector and
redshift of an incoming light ray as observed from
a rotating frame

The change in the direction of the polarization
vector calculated here is only due to the effect of
the non-inertial rotating frame, considering that
the light source is at a distance, and it is emitting
plane-polarized light. The metric tensors for a
rotating observer have been collected from existing
literature. Accordingly, the electric displacement
and magnetic induction values as applicable for
a rotating observer have been calculated. These
values are used to calculate the change in the
orientation of the electric vector of an incoming
plane-polarized light ray. Earth has been taken
as an example of a rotating frame and the
calculated amount of change in the direction of the
polarization vector has been found to be dependent
on the azimuthal and polar coordinates of the
rotating frame. We also discuss the redshift as
observed by a rotating observer, and the value of
the redshift has been calculated for an observer
sitting on a rotating earth. This work has been
done in collaboration with Tanay Ghosh.

Comparison of light scattering properties of porous
dust particle with connected or unconnected dipoles

We propose a comparative study of optical
properties in the visual spectral regime of porous
dust particles having porosities ranging from 0%
(compact particle) to 50% (as much matter as
void in a same particle), generated using two
different models considering particle as an ensemble
of dipoles much smaller than wavelength. One of
the models (the touching-dipoles model, named:
TD model) considers a homogeneous structure
made up of touching dipoles (that is neighbouring);
the dipoles are removed randomly one by one
from a compact structure in such a way that the
remaining structure is left connected. The other
model (the non-touching-dipoles model, named:
non-TD model) generates porous particles by
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randomly removing dipoles without constraining
the ensemble of dipoles to remain connected. The
computations of the optical properties of these
disordered particles are performed using Discrete
Dipole Approximation (DDA) code. Linear
polarization profiles and colour (i.e., the ratio
between the intensities of the light scattered by
particles in the comet at 0.485 m and 0.684 um
wavelengths expressed in log scale) curves are
shown vs. the scattering angle, and compared
for the two models at different porosities. The
variation of scattering efficiency factor as a function
of the size parameter (X) is also studied to point
out sensitivity of light scattering to different pore
structures (shape and size), comparing data from
particles of same porosity but generated through
different processes. The results are compared with
Mie results where the effective refractive index
for each porosity is calculated using Bruggemann
mixing rule. It is observed that light scattering
properties of the TD model is not much different
from the EMT-Mie model, but the non-TD model
differs significantly. These difference could be due
to the fact that non-TD model contains a higher
number of non-Rayleigh inclusions, as compared
to the TD model. This work has been done in
collaboration with Naznin R. Choudhury, Rosario
Vilaplana, and Robert Botet.

Somasri Sen

Identifying the radiative components responsible for
quasi-periodic oscillations of black hole systems

While the dynamical origin of the wvariability
observed in galactic black hole systems, such
as quasi-periodic oscillations (QPOs), it is
still a matter of debate, and insight into the
radiative components responsible for such
behaviour can be obtained by studying their
energy-dependent temporal behaviour. In
particular, one needs to ascertain which variations
of the parameters of the best-fitting time-averaged
spectral components reproduce the observed
energy-dependent fractional rms and time-lags.
However, to obtain meaningful interpretation, the
standard spectral component parameters have to
be recast to physically relevant ones. Then, the
energy-dependent temporal variations that their
fluctuations will cause, needs to be predicted and
compared with observations. We describe a generic
method to do this and apply the technique to the
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~ 3-4 Hz QPOs observed in the black hole system
GRS 19154105 as observed by AstroSat, where
the time-averaged spectra can be represented by
emission from a truncated disc and hot thermal
Comptonizing coronae in the inner regions. We
find that the QPOs and their harmonic can be
explained in terms of correlated local accretion
rate variations in the disc, the truncated disc
radius, the optical depth and the heating rate
of the coronae with time-delays between them.
We highlight the potential of such techniques
to unravel the radiative process responsible
for variability using high-quality spectral and
temporal data from AstroSat and NICER. This
work has been done in collaboration with Akash
Garg, and Ranjeev Misra.

Ranjan Sharma

An electromagnetic extension of the Schwarzschild
interior solution and the corresponding Buchdahl
limit

We construct a model for charged star as a
generalization of the uniform density Schwarzschild
interior solution. We employ the Vaidya and
Tikekar ansatz for one of the metric potentials
and electric field is chosen in such a way that
when it is switched off the metric reduces to the
Schwarzschild. This relates charge distribution
to the Vaidya-Tikekar parameter, k, indicating
deviation from sphericity of three dimensional
space when embedded into four dimensional
Euclidean space. The model is examined against
all the physical conditions required for a relativistic
charged fluid sphere as an interior to a charged star.
We also obtain and discuss charged analogue of the
Buchdahl compactness bound. This work is done
in collaboration with Naresh Dadhich, Shyam Das,
and Sunil D. Maharaj

Electromagnetic and anisotropic generalization of
a plethora of well-known solutions describing
relativistic compact objects

We demonstrate a technique to generate new
class of exact solutions to the Einstein-Maxwell
system describing a static spherically symmetric
relativistic ~ star ~ with  anisotropic  matter
distribution. An interesting feature of the
new class of solutions is that one can easily
switch off the electric and/or anisotropic effects
in this formulation. Consequently, we show that
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a plethora of well known stellar solutions can be
identied as sub-class of our class of solutions. We
demonstrate that it is possible to express our
class of solutions in a simple closed form so as to
examine its physical viability for the studies of
relativistic compact stars. This work is done in
collaboration with Kalikkudy Komathiraj.

Umesh K. Sharma

Barrow agegraphic dark energy

We propose a new dark energy model by applying
the Barrow entropy and the holographic principle,
with a time scale as IR cut off. Analysing the
conformal time as well as universe’s age as infrared
cut-offs, we explore the cosmological importance
of the suggested dark energy models and examine
the universe evolution filled with the proposed DE
applicants and a pressure-less matter. We observe
that the equation of state, deceleration, the density
parameters can present adequate nature, and these
models may also explain the late-time acceleration
though, the proposed models are unstable except
some values of Barrow exponent A. Furthermore,
we mention the consequences of the presence of
interaction among the universe sectors. This work
is done in collaboration with Gunjan Varshney, and
Vipin C. Dubey.

Reconstruction of quintessence field for the THDE
with swampland correspondence in f(R,T) gravity

We construct the Tsallis holographic quintessence
model of dark energy in f(R,T) gravity with
Hubble horizon as infrared (IR) cutoff. In a flat
Friedmann-Robertson-Walker (FRW) background,
the correspondence among the energy density of
the quintessence model with the Tsallis holographic
density permits the reconstruction of the dynamics
and the potentials for the quintessence field. The
suggested Hubble horizon IR cut-off for the Tsallis
holographic dark energy (THDE) density acts for
two specific cases: (i) THDE 1, and (ii) THDE
2. We have reconstructed the Tsallis holographic
quintessence model in the region wy > —1 for the
EoS parameter for both the cases. We investigate
the behaviour of several well-known Statefinder
quantities, like the deceleration parameter, the
jerk, and the parameter s. In addition, the
quintessence phase of the THDE models is
analyzed with swampland conjecture to describe
the accelerated expansion of the universe.
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Gyan P. Singh

Study of particle creation with quadratic equation
of state in higher derivative theory

We investigate the effect of particle creation
in flat Friedmann-Lemaitre-Robertson-Walker
(FLRW) spacetime under the higher derivative
theory composition. The exact solution of the
field equation in higher derivative theory obtained
by considering the quadratic equation of state,
p = wp? — p, and different forms of deceleration
parameter. The physical acceptance and stability
of the models are explored by discussing energy
conditions and squared sound speed. In addition
to that, the statefinder diagnostic pair {r,s} also
scrutinized to measure the deviation of considered
models from A cold dark matter (ACDM) model.
This work has been done in collaboration with
Ashwini R. Lalke, and Nikhil Hulke.

Some Bianchi I dark energy models in Brans-Dicke
theory

This work deals with the study of interacting and
non-interacting dark energy and dark matter in
the spatially homogeneous and anisotropic Bianchi
I spacetime within the framework of Brans-Dicke
scalar-tensor theory of gravitation. As the set of
field equations is not closed, exact solutions are
obtained using power-law relation and assuming
a linearly varying deceleration parameter. The
physical acceptability and stability of the obtained
model are scrutinized using energy conditions and
square sound speed. The statefinder diagnostic
method is adopted to discuss and measure the
deviation of the considered model from the A cold
dark matter (ACDM) model. This work has been
done in collaboration with Ashwini R. Lalke, and
Nikhil Hulke.

Harinder P. Singh

APOGEE discovery of a chemically atypical star
disrupted from NGC 6723 and captured by the
Milky Way bulge

The central (‘bulge’) region of the Milky Way
is teeming with a significant fraction of mildly
metal-deficient stars with atmospheres that
are strongly enriched in cyanogen (12C!4N).
Some of these objects, which are also known
as nitrogen-enhanced stars, are hypothesised
to be relics of the ancient assembly history
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of the Milky Way. Although the chemical
similarity of nitrogen-enhanced stars to the
unique chemical patterns observed in globular
clusters has been observed, a direct connection
between field stars and globular clusters has
not yet been proven. In this work, we report
on high-resolution, near-infrared spectroscopic
observations of the bulge globular cluster
NGC 6723, and the serendipitous discovery
of a star, 2M18594405-3651518, located outside
the cluster (near the tidal radius) but moving
on a similar orbit, providing the first clear piece
of evidence of a star that was very likely once
a cluster member and has recently been ejected.
Its nitrogen abundance ratio ([N/Fe] 2 +0.94) is
well above the typical Galactic field-star levels,
and it exhibits noticeable enrichment in the heavy
s-process elements (Ce, Nd, and Yb), along with
moderate carbon enrichment; all characteristics
are known examples in globular clusters. This
result suggests that some of the nitrogen-enhanced
stars in the bulge likely originated from the
tidal disruption of globular clusters. This work
has been done in collaboration with Jose G.
Fernndez-Trincado, Timothy C. Beers, Dante
Minniti, and Leticia Carigi, et al.

RR Lyrae variables in Messier 53: Near-infrared
period—luminosity relations and the calibration
using Gaia early data release 3

We  present near-infrared, JHK,
period-luminosity relations (PLRs) for RR
Lyrae variables in the Messier 53 (Mb53 or
NGC 5024) globular cluster. Multi-epoch
JH K, observations, obtained with the WIRCam
instrument on the 3.6-m Canada-France Hawaii
Telescope, are used for the first time to estimate
precise mean-magnitudes for 63 RR Lyrae
stars in MbH3 including 29 fundamental-mode

new

(RRab) and 34 first-overtone mode (RRc)
variables. The JHK,band PLRs for RR
Lyrae stars are best constrained for RRab

types with a minimal scatter of 22, 23, and
19 mmag, respectively. The combined sample
of RR Lyrae is used to derive the K -band
PLR, K; = —2.303(0.063)log P + 15.212(0.016)
exhibiting a 1o dispersion of only 0.027 mag.
Theoretical period-luminosity—metallicity (PLZ)
relations are used to predict parallaxes for
400 Galactic RR Lyrae resulting in a median
parallax zero-point offset of —7 + 3 pas in Gaia



early data release 3 (EDR3), which increases
to 22 + 2 pas if the parallax corrections are
applied. ~ We also estimate a robust distance
modulus, pms3 = 16.403 £ 0.024 (statistical)
+0.033 (systematic) mag, to M53 based on
theoretical calibrations. Homogeneous and precise
mean-magnitudes for RR Lyrae in M53 together
with similar literature data for M3, M4, M5 and
w Cen are used to empirically calibrate a new
RR Lyrae PLZ, relation, K, = —0.848(0.007) —
2.320(0.006) log P + 0.166(0.011)[Fe/H], anchored
with Gaiac EDR3 distances and theoretically
predicted relations, and simultaneously estimate
precise RR Lyrae based distances to these globular
clusters. This work has been done in collaboration
with Anupam Bhardwaj, Marina Rejkuba, Richard
de Grijs, and Soung-Chul Yang, et al.

Monika Sinha

Dense matter equation of state of massive neutron
star with antikaon condensation

Recent measurements of neutron star mass from
several candidates (PSR J1614—2230, PSR J0348+
0432, MSP J0740+6620) set the lower bound on the
maximum possible mass for this class of compact
objects ~ 2 Mg. Existence of stars with high
mass brings the possibility of existence of exotic
matter (hyperons, meson condensates) at the core
region of the objects. We investigate the (anti)kaon
(K~, K% condensation in 3—equilibrated nuclear
matter within the framework of covariant density
functional theory. The functionals in the kaonic
sector are constrained by the experimental studies
on K~ atomic, kaon-nucleon scattering data fits.
We find that the equation of state softens with
the inclusion of (anti)kaon condensates, which
lowers the maximum mass of neutron star. In
one of the density-independent coupling cases, the
K~ condensation is through a first-order phase
transition type, which produces a 2 Mg neutron
star. The first-order phase transition results in
mixed phase region in the inner core of the stars.
While K° condensation appears via second-order
phase transition for all the models we consider
here. This work has been done in collaboration
with Vivek B. Thapa.
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Massive A-resonance admixed hypernuclear stars
with antikaon condensations

We study the effect of (anti)kaon condensation
on the properties of compact stars that develop
hyper-nuclear cores with and without an admixture
of A-resonances. We work within the covariant
density functional theory with the parameters
adjusted to K-atomic and kaon-nucleon scattering
data in the kaonic sector. The density-dependent
parameters in the hyperonic sector are adjusted
to the data on A and Z~ hyper-nuclei data.
The A-resonance couplings are tuned to the data
obtained from their scattering off nuclei and
heavy-ion collision experiments. We find that
(anti)kaon condensate leads to a softening of the
equation of state (EoS) and lower maximum masses
of compact stars than in the absence of the
condensate. Both the K~ and K°-condensations
occur through a second-order phase transition,
which implies no mixed-phase formation. For large
values of (anti)kaon and A-resonance potentials
in symmetric nuclear matter, we observe that
condensation leads to an extinction of Z=7°
hyperons. We also investigate the influence
of inclusion of additional hidden-strangeness o*
meson in the functional, and find that it leads to
a substantial softening of the equation of state and
delay in the onset of (anti)kaons. This work has
been done in collaboration with Vivek B. Thapa,
Jia J. Li, and Armen Sedrakian.

L. Sriramkumar

Generating primordial features at large scales in
two-field models of inflation:

We investigate the generation of features at large
scales in the primordial power spectrum when
inflation is driven by two scalar fields. In canonical
single field models of inflation, these features
are often generated due to deviations from the
slow-roll regime. While deviations from slow-roll
can be naturally achieved in two-field models
due to a sharp turn in the trajectory in the
field space, features at the largest scales of the
types suggested by CMB temperature anisotropies
are more difficult to achieve in models involving
two canonical scalar fields due to the presence
of isocurvature fluctuations. We show, instead,
that a coupling between the kinetic terms of the
scalar fields can easily produce such features. We
discuss models whose theoretical predictions are



consistent with current observations and highlight
the implications of our results. This work is done
in collaboration with Matteo Braglia, Dhiraj K.
Hazra, and Fabio Finelli,

Generating PBHs and small-scale GWs in two-field
models of inflation

Primordial black holes (PBHs) generated by
gravitational collapse of large primordial over
densities can be a fraction of the observed dark
matter. We introduce a mechanism to produce
a large peak in the primordial power spectrum in
two-field inflationary models characterized by two
stages of inflation based on a large non-canonical
kinetic coupling. This mechanism is generic to
several two-field inflationary models, due to a
temporary tachyonic instability of the isocurvature
perturbations at the transition between the two
stages of inflation. = We numerically compute
the primordial perturbations from largest scales
to the small scales corresponding to that of
PBHs using an extension of BINGO (Bl-spectra
and Non-Gaussianity Operator). Moreover We
numerically compute the stochastic background
of gravitational waves produced by second order
scalar perturbations within frequencies ranging
from nano-Hz to KHz that covers the observational
scales corresponding to Pulsar Timing Arrays,
Square Kilometer Array to that of Einstein
telescope. We discuss the prospect of its detection
by these proposed and upcoming gravitational
waves experiments. This work is done in
collaboration with Matteo Braglia, Dhiraj K.
Hagzra, Fabio Finelli, and George F. Smoot, et al.

Parijat Thakur

Probing transit timing variation and its possible
origin with twelve new transits of TrES-3b

We have been working in the field of close-in
transiting extra-solar planetary systems. We
have observed total twelve transit observations of
this system, which include six transits from the
2-m Himalayan Chandra Telescope (HCT), TAO,
Hanle, five from the 1.3-m Devasthal telescope,
ARIES, Nainital, and one transit from the 1.25-m
AZT-11 telescope at the Crimean Astrophysical
Observatory (CrAO), Crimea. In order to have
the refine estimation of transit ephemeris and
the precise TTV analysis, apart from our twelve
new transit observations, seventy one more transit
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data of this system were also considered from
the literature.  All these eighty three transit
light curves were analyzed with uniform procedure
through Transit Analysis package (TAP). By fitting
a linear ephemeris model to mid-transit time
data, we have derived a new linear ephemeris and
obtained the timing residuals that suggests the
possibility of TTV in the TrES-3 system. This
analysis shows that the possible TTV is unlikely to
be periodic, indicating the absence of an additional
body in this system. It was theoretically predicted
that the possible TTV may be due to the orbital
decay and apsidal precession, induced by tidal
interaction between the TrES-3b and its parent
star. The orbital decay study shows decreasing
period of TrES-3b with the decay rate equals
to —4.1 £ 3.1 ms yr~!. Corresponding to this
decay rate, the estimated modified stellar tidal
quality factor of Q; ~ 1.11 x 10° is consistent
with the theoretically predicted values for the stars
hosting the hot-Jupiters. The shift in the transit
arrival time of TrES-3b after 11 years is expected
to be Tspifs ~ 69.55 s, which is consistent with
the rms of the timing residuals. In addition to
this, the estimated remaining lifetime of TrES-3b
was found to be ~ 24 Myr. From the apsidal
precession study, the precession rate of the orbit
of TrES-3 system was found to be 0.000472 +
0.000320 rad epoch™*. Corresponding to this
precession rate, the estimated planetary tidal Love
number(k,) of 1.15 £ 0.32 was found to be larger
than that of Jupiter. This work has been done in
collaboration with Vineet K. Mannaday, Img-Guey
Jiang, Devendra K. Sahu, and Yogesh C. Joshi, et.
al.

2016 Outburst of H 1743-322: XMDM-Newton and
NuSTAR View

We report the detection of a type C quasi-periodic
oscillation (QPO) along with the upper harmonic
in the commensurate ratio of 1:2 at the frequency
of ~ 1 Hz and ~ 2 Hz, respectively. We find a shift
in the centroid frequency of the QPO and upper
harmonicin of the second observation with respect
to the first one. The hardness intensity diagram
implies that in contrast to the 2008 and 2014 failed
outbursts, the 2016 outburst was a successful one.
The shape of the power density spectra, the nature
of the characteristic frequencies and the fractional
rms amplitude of the timing features together
imply that the source stayed in the low/hard
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state during these observations. In addition, the
photon index and the other spectral parameters
also indicate the low/hard state behavior of the
source. Apart from this, they also find hard time
lags of 0.40£0.15 s and 0.324+0.07 s in the 0.07-0.4
Hz frequency range in the two observations during
the 2016 outburst. The correlation between the
the photon index and the centroid frequency of the
QPO implies the origin of the timing features from
the coronal region. We find the energy spectrum
to be dominated by a strong Comptonized fraction
with a weak thermal component, which in turn
also indicates that the QPO is being modulated by
the Comptonization process. This work has been
done in collaboration with Swadesh Chand, Vivek
K. Agrawal, Gulab C. Dewangan, and Prakash
Tripathi.

Sunil K. Tripathy
Gravastar in the framework of braneworld gravity

Gravastars have been considered as a serious
alternative to black holes in the past couple of
decades. Stable models of gravastar have been
constructed in many of the alternate gravity models
besides standard general relativity (GR). The
Randall-Sundrum (RS) braneworld model has been
a popular alternative to GR, especially in the
cosmological and astrophysical context. Here, we
consider a gravastar model in RS brane gravity.
The mathematical solutions in different regions
have been obtained with calculation of matching
conditions. Various important physical parameters
for the shell have been calculated and plotted to
note their variation with radial distance. We also
calculate and plot the surface redshift to provide a
very cursory check on the stability of the gravastar
within the purview of RS brane gravity. This work
is done in collaboration with Rikpratik Sengupta,
Shounak Ghosh, Saibal Ray, and Bivudutta Mishra

Investigating  the  physical and  geometrical
parameters of the cosmological models with
anisotropic background

We  have investigated some  accelerating

cosmological models at the backdrop of an
anisotropic metric in an extended gravity theory.
Two viable cosmological models one with a little
rip behaviour and the other with a hyperbolic
form of Hubble parameter have been constructed.
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The dynamical aspects of the models along with
some physical and geometrical parameters are
analysed. Both the models presented evolve in
the phantom-like region and overlap with ACDM
model at late times. We carried out a geometrical
diagnosis of the model to show the viability of the
models. This work is done in collaboration with
Bivudutta Mishra

Vinutha Tummala

Dynamics of bianchi cosmological model in R™
gravity

The LRS Bianchi-I spatially homogeneous and
anisotropic perfect fluid cosmological model is
studied in f(R,T) theory by specific choice of
f(R,T) =R+ aR™+ XT. To get the deceleration
parameter as a function of time (¢), the scale factor
is considered as an increasing function of time.
By using scale factor and the proportionality of
shear scalar (o) of the spacetime with expansion
scalar (0), the solution of the field equations is
obtained, also to explain the accelerating expansion
of the universe, the constant n plays a key role.
It is observed that, for n = 2,2.5,3,3.5,4, the
pressure and energy density are negative and
positive respectively. For the remaining values
of n, the pressure is positive, and the energy
density is negative. Also, it is observed that, all
energy conditions, NEC, DEC’s are satisfied, while
infringement of SEC accelerates the expansion of
the universe. Moreover, it observed that n = 2 is
the best fit for the present model, and for various
values of v, the r — ¢ and r — s planes have
been studied. Finally, the LRS Bianchi type-I
cosmological model obtained, and is compatible
with the recent cosmological observational data.
This study has been done in collaboration with K.
Sri Kavya.

Viscous string anisotropic cosmological model in
scalar tensor theory

We investigate the spatially homogeneous and
anisotropic Kantowski-Sachs spacetime in the
presence of viscous string and new holographic
dark energy cosmological model in Saez-Ballester
scalar tensor theory. It is found that the density
(p) of new holographic dark energy is positive,
and pressure (p) of the new holographic dark
energy is negative. The EoS parameter (w) shows
phantom behaviour. The physical and geometrical
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aspects of the statefinder parameters (r,s) and
w — ' plane are also discussed. This work is done
in collaboration with V. Uma Maheswara Rao,
Gebresilessic Behela, and K. Sri Kavya.

Rashmi Uniyal

Deflection of light by a rotating black hole
surrounded by quintessence

We present a detailed analysis of a rotating black
hole surrounded by “quintessence”. This solution
represents a fluid with a constant equation of state
w, which can, for example, describe an effective
warm dark matter fluid around a black hole. We
clarify the conditions for the existence of such a
solution and study its structure by analyzing the
existence of horizons as well as the extremal case.
We show that the deflection angle produced by the
black hole depends on the parameters (¢, w), which
need to obey the condition cw < 0, because of the
weak energy condition, where ¢ is an additional
parameter describing the hair of the black hole. In
this context, we found that for w ~ 0.1 (consistent
with warm dark matter) and ¢ < 0, the deviation
angle is larger than that in the Kerr spacetime
for direct and retrograde orbits. We also derive
an exact solution in the case of w = —1/3. This
work done is in collaboration with Prateek Sharma,
Hemwati Nandan Radouane Gannouji, and Amare
Abebe.

Sudhaker Upadhyay
Soft-collinear effective theory: BRST formulation

We provide a BRST formalism for the soft collinear
effective theory describing interactions of soft and
collinear degrees of freedom in the presence of
a hard interaction. In particular, we develop a
BRST symmetry transformation for SCET theory.
We further generalize the BRST formulation
by making the transformation parameter field
dependent. This establishes a mapping between
several SCET actions consistently when defined
in different gauge conditions. In fact, a definite
structure of gauge-fixed actions corresponding to
any particular gauge condition can be generated for
SCET theory using this formulation. This work is
done in collaboration with Bhabani P. Mandal.
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Time  dependent  dark  energy and  the

thermodynamics of many-body systems

We study the thermodynamics and statistics of
the galaxies clustering affected by the dynamical
dark energy. We consider two important dark
energy models based on time dependent equation
of state, to evaluate the gravitational partition
function. In the first model, we consider barotropic
dark energy with time dependent equation of
state. However, in the second model, we consider
various kinds of Chaplygin gas equation of state,
which originally introduced by string theory.
We calculate, analytically and numerically, the
thermodynamic quantities in canonical and grand
canonical ensembles. We investigate the validity
of the second law of thermodynamics for the total
system of clustering of galaxies and dynamical
dark energy. We finally evaluate the galaxy-galaxy
correlation function and compare our model with
Peebless power law, and find that the model based
on generalized Chaplygin gas may yields to more
agreement with observations. This work is done in
collaboration with Behnam Pourhassan.

Anisul Ain Usmani
Study of nuclear matter properties for hybrid EoS

We study the nuclear matter properties like
symmetry energy, slope parameter, curvature,
skewness and incompressibility for hybrid EoS. The
hybrid EoS is constructed by combining the hadron
phase with the quark phase. For the hadron phase,
we use the recently proposed effective-field-theory
motivated relativistic mean-field model (E-RMF)
with different parameter sets. For the quark phase,
we employ the simple Massachusetts Institute
of Technology Bag model with different Bag
constants.  The mixed phase formed by the
hadronquark phase transition is studied using the
Gibbs construction. The nuclear matter properties
for hybrid EoS are calculated and their variation
with the Bag constant is determined. Star matter
properties like mass and radius are also calculated
for the obtained EoS. This work is done in
collaboration with Ishfaq A. Rather, and Suresh
K. Patra.

Effect of inner crust FoS on neutron star properties

The neutron star maximum mass, and the radius
are investigated within the framework of the



relativistic mean-field (RMF) model. The variation
in the radius at the canonical mass, R; 4, using
different inner crust equation of state (EoS) with
different symmetry energy slope parameter is
studied. It is found that although the NS maximum
mass, and the corresponding radius do not vary
much with different inner crust EoSs, the radius
and the tidal deformability at 1.4Ms vary with
the different choice of crust EoS, and variation of
about 1-2 km is seen in the radius at the canonical
mass. For non-unified EoSs, the crust with a low
symmetry energy slope parameter produces a low
NS radius at the canonical mass. The properties of
maximally rotating neutron stars are also studied.
The variation in the radius of rotating star at
the canonical mass 1.4Mg is also seen with the
slope parameter. Similar to the static neutron
star, the radius at 1.4Mg of rotating neutron star
is affected by slope parameter of the inner crust.
Other important quantities like moment of inertia,
frequency, rotational kinetic energy to gravitational
energy ratio are also calculated. The variation in
these quantities with the crust slope parameter is
found to be more proportional to the mass and the
radius of NS. This work is done in collaboration
with Ishfaq A. Rather, and Suresh K. Patra.

Nilkanth D. Vagshette and Madhav K.
Patil

Imaging and photometric studies of NGC' 1316
(Fornaz A) using Astrosat/UVIT

Imaging and photometric studies of the radio
galaxy NGC 1316 (Fornax A) wusing high
spatial resolution near-ultraviolet (NUV) and
far-ultraviolet (FUV) imaging telescopes of the
first Indian multi-wavelength space observatory
AstroSat has been presented. The residual maps
of UV emission obtained from the subtraction of
smooth models witness peculiar features within
the central few kpc (1-2 kpc) region. The spatial
correspondence between the radio emission maps
and FUV imaging study reveal that the UV
emitting sources are displaced away from the centre
by the AGN outburst (radio jet). The presence
of rims and clumpy structures in the outskirt of
this galaxy delineate that the galaxy has acquired
a large fraction of gas through merger-like events
and is still in the process of settling. The estimates
of the star formation rates (SFR) using FUV and
NUV luminosities are found to be 0.15 Myr—! and
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0.36 Mgyr—1, respectively, and provide the lower
limit due to the screen effect. The estimated lower
rates of SFR in this galaxy probably represent
its quenching due to the AGN driven outflows
emanating from the central engine of NGC 1316.
This work is done in collaboration with Sachindra
Naik, and Neeraj Kumari.

Murli M. Verma

Light deflection angle through wvelocity profile of
galazies in f(R) model

We explore a new realisation of the galactic scale
dynamics via gravitational lensing phenomenon in
power-law f(R) gravity theory of the type f(R) o
R't9 with 6 << 1 for interpreting the clustered
dark matter effects. We utilize the single effective
point like potential (Newtonian potential + f(R)
background potential) obtained under the weak
field limit to study the combined observations of
galaxy rotation curve beyond the optical disk size
and their lensing profile in f(R) frame work. We
calculate the magnitude of light deflection angle
with the characteristic length scale (because of
Noether symmetry in f(R) theories) appearing
in the effective f(R) rotational velocity profile
of a typical galaxy with the model parameter,
§ ~,0(107%) constrained in previous work. For
instance, we work with the two nearby controversial
galaxies NGC 5533 and NGC 4138 and explore
their galactic features by analysing the lensing
angle profiles in f(R) background. We also contrast
the magnitudes of f(R) lensing angle profiles and
the relevant parameters of such galaxies with the
generalised pseudo-isothermal galaxy halo model
and find consistency.  This work is done in
collaboration with Bipin K. Sharma, and Bal K.
Yadav.
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I A fsepgfan RafefaRes Hiride sifestacd, Ap&SS, 365, 181.

B3P PRI, TG I eMf (2020 )TFsic AT HiR 314 RIS FTR FSHST § MIT &7 A6
9 31T ¥, J. Sci.-FAS-SEUSL, 01(01), 22 [ISSN:2738-2184].

DI . Mearh, 1 ATRl, vd ufey &. Tgiuedry (2020) =L 7oK 31k Rfefafes sirigites woo
TR 37 d-fedha 9185, Ap&SS, 365,141,

& emf, R &, SR, UM TN W@ MG S 7ERN (2021) 3 IAISITICH TaRIC-aH 3MTh §
FEATSTATSES SR AT U8 § hRuulfeT §9G8a fo3fie, EPJC, 81, 79.
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g g, fi@rer . uie, td o amf(2021) HfaeeTe IS 3ih SfHICIUh ¥, InjPhlarXiv:
2012.14084].

Bicspg! PRI, TG Io a4 (2021) TRIET = FHN 31Th Taic Aeg=d ¢ § IMMSRCIZT-HavIddb
RyeH, EPJP, 136, 352..

PUNS BIER, AT o, T8 IM, S BN, Td o g (2021) Alae gh-HfoRict §7 Y- T’y
W&ﬁﬁ PTCIR FHN Amem°BgXFeCrAl (X=Rh, Pd, and Pt), JPCS, 156, 110119.

ITHaa PRI

o o, 3R UfeT . TEIuTeaRT 7 8 AR 2020 P UfSHH S B ABIYIGR Dicsst &b Hifereh! {9 gRI
AT YIRS B9 A AR UTH fIvg ‘wHIeHT fase sk Wies Hifcedht & orftma avel’ & fawmga
AfSIR F AT ehrei & B9 AT fosa|

Ui &, TSIUTEART F YT, Th TR § 253FR 2020 Pl MT-ToTe AT S ool Hifrdh2020 fawy o
409 STARTERT THe § 91T fosam iR 9roor i |
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YT R WMo Yifad faurr,
fegt fAeafdamag
(FaSTR - &).eTR.ANTfE)

3Ty & &5
Gl Ud sweis Tl gaehia &
91 ST IRTIE (Fast Radio Bursts)
TRCATERYUT & NI RIgial 3R I Frgis Aaelt Ffearef

1S P THT H FETS DT R0

o Y fEHIGY & IITHES H BI-HY IrGaTed Holl T g

U IR-AFD SRIH ST Hex & IRTTRS 5T & Fg<h UTa &6 Sirg ol T8 & 1398 foggman wr g o wieelt o arg-
tRTfiex 1 37 Q1 TTal i SURRIRT & Agwagul G ST ST AahdT &1 (IR0 . Uied, gie dfcsd, Td R,
ATl

ATHY & 5T FaBIBATHS TRITd o HTEH A ST ST UTH {51 71T, F5ves Gabig &1 & J1eqd e b o5y SIRY <@l
ST 81 21 (Gf+1e5 Afesen, dehc et THasuM, g Bl &9 aig, fafeen seiuream, ud .3,

Ig fa@man w1 & 36 Fsfost gaahia &l o SuRRIRT & SHRUr SR QI &1 Td M= 3791 T faehRT |enferd &l
ST 81 96 § 3 Herelt arome afiR - geftanur R fRedr o Heles &l 3R & Sid £ (T Swreimer, IAfheR omf,
79 131K, A9IfE) |

SATHTLIT & HTUGS] AR SRS IehdlT D FIRIT & b 5T, 161 TRIT (galactic) Fohes ASTE & RIT RICH o 1S5 &1
epfose] SCII™T I G AU ST BT IHANT Ueh TR ek~ & o4 H T 71T €1 39 S1as1a, {9 - faase A1
3R 0 N7 R TSI PR §T T HIUGS! R e g T # (Ge SR, e Si, anfra wgror, sifirar
qgSil, Ug e ) |

fafrsr Sif0RIT | AT QAT (FRBs) & 1 S g (it Hifcres waaii o o1 & Ag<iael 1 37eq B b o5
UG A v fvar mar & (R AfY, wd dfees <)

TS & R fIvdR dY fRa™ & 5T T (3R Hise &t AT Y Srd Pl 517 G 2 1 {499 39 F, 0 HisH b7 SUINT
PR ITSHT b AT FTETS [ITH Y TS 1 1ega 5T 511 g1 ¢ (i DR, Saward gteRy, 3fiR & amR. o) |
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IIIHES H TDBIT 3 Sheh D1a QRIRATS HGT DT 7T AGLNT0T hid—Hae (Heh ) b Hgaqul RTHieR g 1k s He
T T START IR & HEed  Si1d DT T ¢ 3R T8 1 17 & o 3rger ararervr § fafesor e 5 24ufierd de &t Jfe

g1 e g
T / arat
3 | IR ahI SRR ofiefen
h.
1 27-04-2020 gﬁ‘:ﬁ g agHEﬂ FHTET, 3R | ESHe W—ﬁﬂ?@ I\S
aeEdt, fogl | omicithirie
2 | 28-04-2020 | 7ges o fegt faeafaenesa | g woff TareH 31t =g
TR - RISl
3 04-05-2020 | grefor gy Q@W—?@Wﬁﬂ SoE
BN 37 GFBIR IR FHTCR
4 | 11-05-2020 | ey wfcsdp gt faeafoamesa | wifsT Hafew fhes 59 qE-
TSa=AIeT N A Ao 3Mh
PRI
5 12-06-2020 | gf vl Y TREGR Aifsago” Wglfthfoaa
faeafaensa
6 | 18-05-2020 | grees TS JEaES, 2R AU fftreT 37 et
7 | 19-05-2020 | Huep & ARR g St dienfidh | o anavey 3 g Pifds-
g, TIGEG 19 SfTe
8 | 25-05-2020 | yrioies AR &t fJeafoenaa, | UsHisus Hifes fhesw Us g
SR 3135 fvaef erg
9 | 26-05-2020 | RYTT FRER TITaTRY, gor Ples I e gTs vsfwes

263




337

aiffe uftdeT
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10 | 01-06-2020 | Fo=T fiysm T3TRATELT, U fecos Tl 3 sie
AT 3resiree ST P
11 | 08-062020 | 37y TRRAMET, g Uifiee R feefem
SIRGIE) HRT AT e T8 g
12 | 09-06-2020 | A {ueh gt faafeemesa | Mfew fhes 3T § fiedht @
T RIS ST 3Mh T
R
18 | 15-06-2020 | grfcclt 3pmETeh JRARITE, FFD | sHord Y Hec!-dqe2f IS
14 | 16-06-2020 | Sqiepy il TATRIMTEETH, BT TH TSt 3 § AT oM
SINGIE PIEEHS feiicgss anfia
15 | 21-06-2020 | GEWOR amqull | STy, o gdtamgct Us fdar=e 1 : &g,
TR TN - JTSCieT G3R
HHeE IR gdtengd
16 | 29-06-2020 | gy Gy Hpfle IS S STSTHE:
faeafaars, SHIDhIT R YRl —STFHCE
PATST IEREISS]
17 | 06-07-2020 | ofipeik oraf 3T TUHHIENT ISR
18 | 14-07-2020 | U, UgUhAM qd g fegt 19 Rie =Iof 37 SReIfthfoaT
faeafiemsa @ TS HIRHIG
19 | 20-07-2020 | feRy XUl gt fawafaemey | RfeRers safceisq s
PRGBS T TS
MCH
20 | 26-07-2020 | otz it Sieal g BER Aoigss AR

SR 3T T [S-de— 3!
9 3HIE
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21 | 04-08-2020 | firgieHT ST UBRIITSST, TIET § STATSRHE 31 Bl -
SIREIE PRI IR § Uifeafie
ghac 3 Ulvidcs PR U
22 | 10-08-2020 | forgeft ot IR T g M AbfoTT 3k
TN s
23 | 24-08-2020 | firyicpr sfilaRead | TRTRIMEETH, Tl B i & §
AT JNeARIR3R: 31 SATSC 3¢
g IS 3% HEMNRIINT WIS
24 | 31-08-2020 | SrgsepT FHUTRAT ALY, Srego URUFCT 3MTh HC T §
SUID 3Mh RAFTSIe™ IR
AihiBiNTdhes fswhitesd
25 | 07-09-2020 | fiRIieHT SATBM TGTRAATSST, PRIR AECHBCH: AR §
SIRGI) aRaR!
26 | 14-09-2020 | f3q7 M 3SR, F15o e Afcemes ST ghaeH
3T g Higad!
27 | 21-09-2020 | 7R orTaT UleaeH fSaafthReT fewrgem giom
feafienay, St | SRR 37he—g U &Tof
e ARt
28 | 29-09-2020 | If¥Nep YA 3P g fecaed @M dfregam
uftresd faer gatendet g
TS 3fey Felt HeaTged
29 | 05-10-2020 | fyfey {rgh foght feafienesa | Bre e sveH U8 B8R
_;i
30 | 06-10-2020 | SIFoIclt ST JMEINTSTHAZITNR, TeIH® gIggIoM dewe 31t
gt SIS 3fe 813 Yefied
31 | 13-10-2020 | dff, sfigpAR g4I, TG ATYGFST ST 0T SRGIAMHT
Rt
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e R
32 | 19-10-2020 | |7 IO CIECIRIET N T femafes RS Bk
CHIRS UTIEHT 3ffth b 8o
Rreera
33 | 27-01-2021 | aifg 95 AT e | HIfes fhegd 9 sfafeas
gfaRic LIS
34 | 10-03-2021 | g MUIHHR CIRMEUHIIR, a8 | SoR 0J287 U8 3¢ -HI- Hertz
Gw SMfET #R1d BH II5RT AgH
EISE
35 | 24-03-2021 | g AT 3RS, MeR | 3FfAfsT § FWaeH 31t
TRRIGT dIgR! &3 Bled

SMTEPTE FALTAT BT SUANT PRAATS BT

o T FIR, QU S, T TgTor, iy gastt, ga fyen oft (202 1) S BRSNS T Hosasdt
Rrefed IR T AfIC IS BT RIe™T, PhRvD, 103, 06351 1.

o 3RV &, Ui, YIS Afesh, TG 3R, AWIfG (202 1) SEGEDH 3MTth SRIT-8Tdh Hex Sevae 3119 3Mgaiigd
OIRR VST sthae faer #3fes fhes, MNRAS, 500, 643.

o HEUT SFTSN, YMBIAR oMt ug EY.emR. 9wy (2021) sBicH o § uRe-Repifrane™ feRides a1k
2o Hifed fohes 31T § BIHD ATghIdd SHUTSS XY, JMPD, 30, 2050122,

266




2020-21

HifrhT fam,
SIEY TREYR faeafdensy

(TISTe: eTaq RARM)

3Ty & &5

RATRT BT 3T (S7HRS) TSP
ARTRDIT (bR T SHRARDIY (FERFCHR) HIeam
G IR 7gw gHdTe 31

ICN TSN

AGHSH I ArgaTfed T
TEIT greTeRoT 5 i} BT O ST

ST (AT utad, diver] vd o R, SRSty Wiies S 7e araed St faarsil td H9rey argd
UifaTgidad WHfcd gRgiaEd (PAH) Il & fAfte qg@sil & rega= fhar g1 Savels Aifedhes To R,
TR, AT (97T TaRM T forel PAR, TITRIMELTH, AT ) BT STIRT IR B TIRY TR BT AoTaih!
3R (IR -3IMER) ABID T ST 8| RARD I H1eg § Hr—aqritfeds srupait o fufor & fosu wamiferas At
&1 Hgifcrd 3rega= fram ST <7 & (3redt ST, To) ITSRIT & faeidl & [N & fo5u Aearedd e faamRid
ﬁﬁqrrqqigwwétr,W(W)W,W)IWW@WW@HWWWWWW@%
(rerg IR |

MtyeRe arafer / @are (3 ars)

o g AN gRT Aifesagex Wl fthfTaRT IR aTdie™, 12 75 2020 (Mg, g & A )

o 3T Hdt GRT e Bledd: § 2020 AN TS &7 fthforasd, TR 9y SR, 23 31dgeR 2020
ITEHTE FALTIN BT IUANT HIAATS BT

o TN QElt, HRHAT SRINETEAT, Td AfP UTeep (2020) SIUhel TSt 31Tth thigd HHaS T PAHS, P&SS, 183,
104593,
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o TES P, AMG, g N, faier AR, 3T €Y, AR oM, 3R 37 (2020) fSFeM 3t PAH US nbL

HERT 37 et 7egs NGC 7027 and BD +30° 3639 f3 TIRCAM2 $RgHe 311 3.6 M DOT, JApA,
41, 27.

18 . g, G Ce, 3repl s, frar, AT area, SiR 37 (202 1) icH Hifdes T8t 3111 § HHA
31T SSATNIS ATSTZS US 3 5N ISR 3 § Scvea HISIsm, [JAsB, 20(1), 62.

3G T, TS, UF. RY PAR, HUH.em0, &, T gft,...... o] Tt 3R emg (2021) Rad=a
Y13 33 DI NhI § SfeTH RO ¢ § A9 -a188 Sidhers: Refeed BiH § ARFINET HoRHSH 311h
ISRO-GBP, CSci, 120, 341.

TSN BRI

o1 &, gied (B & ergarg, St O™ @1 arfereRes awier
https://www.ligo.org/science/Publication-O3aCatalog/translations/science-summary-hindi.pdf, I
Tq https://www.ligo.org/science/outreach.php. Ux oft GQFSG‘J)

21 S 2020 & SSRSIY, H WIoR AR faetd Bl G@& BT RS fhaT T80 &Y fheer, o,
R fareT -2l -1 31 o H1eg™ | <@ .|
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o  ITENI THCITHYUT
grgifed!

e, R Ta ave (BSW) IRGeT &l Hehet T o JTgRIR, MSThR HY A TR s 81 o fafis & st caw™
a1 fafret Sefatl ares af ol bt Hereht @1 SIS fehar TR &1 STl U A gH I ot 3w § b Al Big
qfHifcres T & ATIGET Y St T § Al U FRR MABIHR FHHRT (S fh aifeaes ) s gls & fost oft, s 8l &
faIfCrST & UTRT TR AT G URTETUT Ul & G| Shvft &b Ueh FFHI &7 3 S g UTH o] 5999 2

aafdrd fafrT srefiar Tufiidia e gl & deyf o fAfieT v SSaFfidt & Tocarmur Akt & fia & deer o
IR J 3rezq fohar mam 8, 3R I8 <xam T § fh it fifas & ot sigerg & & FHipRuN Y e
ST & 1T & T H Pl ST Hepelt 21

I

IRfde IS gRT 3Tfeed e, AR WRDR, (5T TR, =18 feggh).

31 .3R. ATfg; GRT g fOfTaT 31Tt Terd, (gt faeafaenesa)

tufeds €. THT GRI  stfectie SIS ahafgsod aled, (g fiafiemsy)
gaTsft AR U it amf gRT, AT Sevaer 57 S0 SISt Riguer, (g § mSenEdt, dgR )
. A GRT Refe fevamast 371 afach U areiostt, (e, sierens, 7€ figh)

ITEHTS FALTIN BT IUANT HRAATS BT

o SCEI BHHA, BHIC G, UG Gahel IR (2020) UTfEdha difeserd fFeR wefed RpReaet Rmfes sbd gled,
PhLB, 810, 135850.
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o T UHAIE, T I off. B (2020) AT B fhes 3haT R e AT s Bl FaR
gIRSIH, IMPA 35(19), 2050092.

RIBR/ TG/ @/

R e BT 24 S 2020 F 3FTS A gur & U i Ta yeref st wgw, fRnEe s S fiafienesy & are
G & oY H FRIwh fhar T g
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Hifrht fumT, diei= fasm iR drenfid Reafaenrea,
I

(FSTp: feew &. #ey, W& Wg-WAISTh— ATt i)

3Ty & &5

° S'I_C%Qq\_fﬁqm
o BB TcarhyuT U

o e G fFHfor

BIIuTfthes Redt STh Teit o1 STh Hex & 1T 3=t UREATR e haT & AT1eqd 3 IRy g1, fhanefiofafa St dise
& foU T Ml e &1 g7 TITHRMST (SNa), Siwds (CMB), fUal (BAO) Td g9 ST W & Tahier &
IR 3he=g fAfeT BT SUANT PReh 50 HISS b S TN b IS Hgd T fI939T fohT &1 UgaT, Aiss 1 ST =T
BTt Rel g Uit (rhrde) 8, 1T B7icd b 34 1 R ANTCHS Ug ¢, 3R GIRT 8, Aiss 2, o @1g armee
RRID T8l 8, S SO STeh Hex &b AT TEaer & TREATRBIHAT Bl B NThe PUfe T eH b HTETH I T ST
g1 AM®H ACDMH! &1 H 37 AISH] BT S B TR AT — 36 STT AATI b (057 Feddh AT il AHTET bl TOHT
P UTH fBIT T8, SNIa (307)+CMB+BAO, SNIa (307 )+CMB+BAO+Hubbledata, SNIa (580 )+CMB+BAO,
and SNIa (580)+CMB+BAO+Hubble datal GFI HHS] § HHEHT &6 TET & fo5U Aless AMIGS! & {57 ST FHe

TTS3RAe! HIFT T &1 BHIR TALe0T 4 Uil el 2 fehotshiRT Tebes @b SR, Qi1 b aoid ACDM & el 4 98 I8
THIOT 2, 11 QI ATSa] & 39T Bk AHT ST A1 b 05T Teb A BT 4 ¢

SEITE & fA9Y fAedR DY BISRTthe THIANTSTT BT TIE BRe 6l Fgfl & 9 § afdfe fomar o Aend &, S ifrard v &
T1h Tl SUTRUFT Y 7IT FRaT 81 89 I8 UdT S & 36 a7 Y3HT gRT WRTfad T8 3FST R S1dh Tosit b
TPicT | DIg TR AAGE ool 2 (I T I &7 AT UTers, b TP IR Igd & 17 GRT S T aRIe bl
UTH R &1 89 w IR U] FeRiE & fosu AT 1fehl IRom off urg vt €1 39 37311, 89 Sgd & 19 & J1e7H | U
Tl ST TS Hise BT auiq dR Pl JagRIdT ®l TI¥ ®U A AT B &1 fFonyg 91 I8 & & gronnfhes
AT 3R Uit Sifiramaaaxor A g &l G SaTs Al RIS & aoig w = — 1 % |1 STt & Riex sraris &t
T R B

R 1107 7 srerS Tt # a7t ot SFTeT &1 Uep Wl &1 2 3T 337 &1 H Ieh! WHTf 88 2|

ITEHTE FALTIN BT IUANT HIAATS BT

o atgwm, td feed &. Heg (2020)S BBMIfha FHIUMH i T Ra3R SSRGS Hac< ?,
MPLA,35(40), 2050334,
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ITHeT BRI

3MSBTS (ICARD) T Teb 3T ITBID g, bl TATAAT DT ¢ FSRTH TY BY A 10 T2 DI TN G bl LA fpar
TIT 1 GRE H Th T3 ofhT UM & | HGUATE! A 31T BT Ud BRes A MY BT 3R AT ST it 0 3 3T7ehrer i
QG 3R 31egT= v o fo5U 99 12 SIRAIEIT e 1 ST e N e & |
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Hifah faurr, srfoed fAafdansa,

PIsiials
(FaTe: .8t MAPaR)

ST & &
o MBI Ul UE fdehr
o EAfUS

W (3fTeTE)

&, ST GRT P=eT AT ¥R BIHIM 37 FRRE fthes raf-ergy febaststt, STfoid fSHied 19 3R 2020.

. 3). oG gRT TSl 31Tth Mg gt X2 37 IR Athex HobaxilsT, M i 26 3R 2020.

4T &. S RT S TR WM 31 PKS 2155-304 JRFT § fAIfFmm 3fiice sdag Tasll, Jmaford
ST 30 RadeR 2020.

. 92N gRT S fSufed N 18 © dndeRRed 39 31 ok MKN 4217, o i
28 3[aTaR 2020.

.. g9 NEH, sSOR WIS JrsfestT, MR fSHid 18 FasR 2020.
3MEHTE AT BT STIRT HIAATS UBIH

.8 Rfcrenr, .21 MR, T& sy 1. §=R (202 1)l PRDITIH WIS 3TC HIEARE SR 3 Fgi=To!
HUCE BT G THIFHT, FBS, 62(1), 10 [doi:10.1007 /s00601-021-01592-6].

&4, @ H IR (2021) T 3AH Age grefRue) M 3 3f-crgy ISa=ilsr BT S1- IR
g=aTevic, MNRAS, 500, 1343 [doi: 10.1093 / mnras/staa3334].
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Hifde faee e, @H IMHE G wR1sarsT fAeafaenay,

SICE]
(ST HTEaT $.9TES)

R & &
ST FHECR H TSITT hiesdh
T3 1 ToTTTT (AGN's) H TS Tai— 31fe Scote
TSIT (AGNs) &1 Tai— §+19 3fifeedhes /et uRacdAsfiesdr & dta dae

TFT - fGmer | (XRBs)

YR ATHTIRRTIS H €[5 T B Ud Fecithsl ISM

TR FTHFeD! DIy P faeieprl Bl U bReb ATSANGH o AN e gRT 3iet: R &Y 7 arfeh by wifer v
o7 et e o onfies €, oI fEa Sic 1 a1eaem axds I A1 & A1 Id TeH dhl 511d ax @ &1 39 TeqaT o
TSI TaA— CHIPIY ¥ I A0S T Taq— ST EduGMRT 2T IUINT &R UTH Fg—AGRT ST ST T fagehuor
oM 21 39 1eae N Hgd il Ares TRt (JMmgent), e”A f.315 (SHwHRSY), $9eR 95T (TRARIRY), W |feg
gD (d3Te) €

TSI TAT TRITHUH — I SiT afferep Iedl Sraeiep iaaratl &l Terie 3 by U thdg 3182 3 I8 1 gail & b
TG 31— IS, I / AT B 707 7 glaw 3MfUg Ueh T AT 8 g

TR &t a1t 8 5 3% wd PRI IcAs & dia Jme STo” 8T AT | THITREITHY, & SgRie i, Ioiia st gd
o Al Q@ (GFT & ST W) P A1, WRIC, (TIUHTH-=ed U9 Rave S sfaRer—Sita RéFl &
afifeedes /gdt iR Taa—X A Qef B USRIl TSI I3l Pl SUART P_eh TofieT & 31T Ufgadhl (inter-band )
aRacefesdT ol &f Sier = § <ies ¢ |

NMEHTS— THIIRCITHY, ART SATe! MBI H TaARTRESTRIET & 31egd= | MG &1 T8 31egdd WoNic &
TSUUGRAUIRAT SATTSTS T SUANT e HTH §Y ST WR TR &, 3R $R1 Toilq 0817 el Josrel AT, <@l o g 3 fepat
SIS

TP, T & Uied (UIRTRTHY, IYR) & SN A URFAIS YHR Bl MBS H Fecthol MSTHTH & 37 § +ff
oMAres € | U8 S1eai fAfHeT aTcreRv & et T8 TRINeD TebrR bl STTBIFTIAT &b g8 - MR Aaesleh-il W JATETNG &
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ITEHTE FALTIN BT IUANT HIAATS BT

fods . amegl, Affg AEe, HRe $URY, Td #1Ed &, UIciss (2021) AR U hlemfcd et 31k
NGC 1316 (Fornax A ) g AstroSat/UVIT,JApA, 42,34 [arXiv: 2101.05190].

IMTHd BRI

qTerq b, UICIcs RT FTdoTf~reh N

3TTfes I TEUT & STARR R TN HETIRNe, STSINTS GRT TR, oR Sfaatd U 3¢9 Sadha=
(ST ), SN feHT2 1 S 2020.

TR, faeafiarnsa vd Tiode! A= dioet, s gRT Agd oU A AT gd F1de B & fo5u th
HTg & QreaTdt IE faeT BT I Swried & TaviR IR IgIcT NN, 27 JSTe— 26 3R 2020 & SR
3.

Hifcre s Fhos, THIREIT fJeafdernay vd gedd Aerfdenad, Aice gRT Hgh ©U A maford deawdt
qata e HefRie urcRref AT & Hered IR RIS H G 1T, SR f&Hid 27 SHast 2021,

TAATEt, MSanEct, S5k, Ud 3NNy, S gRT MR SMTestdees e § oty fder T o
3fffeedhes SRETHT—SeT MR, AT A8 theart 2021,

TRV WA Hehes HIRATSE! b JIEH TS e THIRIg b 97T b o H, =7l f49a- Ryl bt g (wRret

), ST i 27 TRast 2021,

fRraTSi A5~ iossT, a1l GRT AT SITAS-FCR lesol DRIHHI & 37, RIARI bl T (3Te1e),
3mNfoTe feies 23 Aref 2021.
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HIfhT SR TN Hifad H 31ega & 6o,
q. Yfaerr s fReafdamsa, IR
(TSI Fie &. THYRY)

ST & &
g
TaRT— Y P (X-ray binary)
feR®R (Galaxies)

o URaEdIAR

GURAAT BT JAT - ATCDheS BICHID T FUFCIDIUD AT g . IheRy, Ta shfcret farmt (Ve ot )gRT
ST <81 €| T STeTT Si1. 3. 3FUHI, <ds . ATE (G 2T TME3MRY, TG0 ) T Pales (81T (QRARSMESTH, A(elTes) D
HEART A 5T AT RET 2|

HAY Seft (TIRSMEETH, AT ) & TN A IS BU H SSfERIg aRi/IRadd 11 TRI BT STeqd= T 517 38T
2l

BICTIHR STBILRTTSN b HET & DT LTI TH.b. Ui, 7eg av1 (T PRl Ud GIig I (ATSIMSY S50 ) GRT fpar
ST <&l 2|

7 &. THURY (i) fIaTTe N-<1gy 31k SecgarR RIAR, TRl 3RRT &1 Sfiae . Uie (TarRansEw, Afdrs) & Hrer
T&Y B T (i) SHRTRE T S1eTT, ST Y T AT R Ud Grefes 57T (G &1 TITRIMSITH , AT A) & |1y
U§Y HRf 57 Q1 P Ag-TfAeur 7 9nfie |
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T/ SIS AR

o IR T, Smaf fomiis dicer, Taredt gRT ST IHT AR H T~ § BI8Wh 3 T TR,
RN f&sieh 22 JA31S 2020
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U3 | TG IS BT, TATIRT, RTH GIRT AT FaTTe b Bl R TR ISHR H ST 37 ¢ Ferd Sl
TSI & 23 JebTg 2020.

fEATeT g1 CHARDIT 96 & 20 a9 R BM W, IMeoTdeMe ¥eeiot M SNela 421 HCT, 29-30 RideR
2020 & GRM SRISH.

BTG I T, YR GRT AT <18, R Us Ygifthfvradd, smaiford fadies 12 féeR 2020.

geafcr A I & S Bl JIRY 3 BURTFIG IS 91, YR GRT AT BRIST §, 3Fewci~T §
T TS BIS ¢ 37Tevtd, 19-20 SR 2020 & SR 31T,

AT BISST, FERTA H Prccha, TTgH Us RIoH 37 Welfthfote, ST fimTes 23 feRisR 2020.

TUHSNE 2021 Pl 6 H, TRIRTHY H, TaHURHCs DIFHre 311th SRgHH! fefiT, 18-23 HRax 2021 &
SR 3.

J(THT 29 HRIGH

o U9l AR ST, MM &I 21 ST 2020 (ITR IR H HEBIHR).
o SR A drraer, ST feHTH 21 fdieR 2020.
SIS HrisH

o U5 AR SfFATH, ST feias 21 S 2020.

o YR AT BT o MR YR ATEIEHRI T HIET TRIRYT fohT T 2T, A feies 2 1 faRfar 2020.

REBR/ 7RG/ @, e

TS . IHYRI P AMSTATHY NI G STEAAIRT 2020-202 1 (faeaiikar) & fosg g1 T 21
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Yifah favr, Saree feafdersy,
RSkt

(varTe: fRprer H. uie)
I & &
RATféTe Ees Hifereht
e fis (Compact Objects)

TRI— I Al BT ST f[J939ur

ST Her & HYERI BT TN 39T o IgHa fAgHT Ud S faeafdensd & sl gRT fwar ST |

ST (M)
o SgreaCYl WIThiSTad Us dlsHics, AT i 16 RidesR 2020.
o G ST, BIY GRT b B3 ST, AT, STIfer fifggan s¥arier, =13 gl smanfor fieie 23 A/l 2021
o i Tsarvs 3 WeIfthoTaNT, 2425 ARt 2021 & SR AR,

3MEHTE AT HT SUIRT HIA TS UPBIH

o Uref T, QT US faaprer 3. Uies (2020) 3Mewideme dvere 3MTh gst~e Ifaw f (R, T) 37 I faer
g fIFmARIST, JIGMM, 17, 2050102.
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Ry wrer, Sifde ey, erffem Tigr, vd famer Ht.uie (2021) ¥ Bionnfhe S TSl 37 BIIR SIS
BIoHIGST, AnPhy, 426, 168403.

AR 3, 3rf+e= =gT, vd faeprer Y. e (202 1) Preiae affestaes g £ (R, T) Afach faer foha—fpan franach,
EPJP, 136, 228.

aref T, aTe, TS fater . uies (202 1) I RRaT {32 3ge1e divHiael, Ap&SS, 366, 32.

g g, fawrer Y. uie vd oF i (2021) RIS BT 31 UFRAICIUG ¥R, InJPh [arXiv:
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Hifeehr T,
dorgR faeafdemey
(TSI BUSAT MTE)

ST & &
o TSN SN
o =T faedyur

TR/ TR

o UTAHINT G BTt US TIZH 31t P ST 37 37K BIhes e, MR i 5 FaaR 2020.
o HheRed e Blcxd U8 d3R ¢ BIES oH, TR AT 9 FdsR 2020.

o ICISTCY IRTHI U8 WA AT (STH®IE ), 27 SiHaRi—9 3T 202 1 6 SR RIS,
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BRITST
o Rud T orgHHl-emERR Us
YH~1, 9-10 IS 2020 & SR
RIS,

ITHag PRI

o T reHTd fS¥pAN) 3N U BR 3/
fTosadl T § SeT7 SRgT A T
Jede’t (T AfAR), smaford
f&ier 28 fAdaR 20201 Ig 3MSDhIS

Tq oI T3Sl Febves bl HGeh Se T
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Cuc-:bey Puchlle rroat Acl, 1950

Hame 1 the Fabhr: Trow: |
Halanca Sheel A5 At

Funds or Corpun :-
Ealance ws per last Lalonee St
Adjuslntent dunog the year jgive desmily
Schedule No. &

Other Boymarked Funds -
[Created under the provisiona of rhe Uist
Acedl ol soneme oe aut of the lncone)]

Balunct an per leat Bolance Bheat

Grantin Aid 2 MTE LAETTAL)
Graut in Aid BUILDING

Opening
11,90,8(.000
11,87 49,000

Capital thrand 1o the Exlent of Deprici-
~atnm Addditions darlng the yewm:

11,495,101 411)

Framl in Akl Geoeval [Capital] om UGE
Aeblitions du=rg tie vear
Less ; Sulnraction ) reverand

2,23,97,47,253
16,74,29,047
T3

Brhedule No. 7

Any Other Pund - Pnnect Grants
Bchedule No. 8

{BEgenred o Unaecured) :
From Trustees
From Otheea

Liabilitics -
Fur Lapenges and other Habdlities
bor Trojuely and Crtbere Pavahles
Ter Hent & QOthur Deposics, tualies
and laxes
For Sundry Credit Balaticns
Scheduls No. 10 & 1O A

Income and Prpeoditure Account -
Lulanre as per Joat Balance Sheet
Lean : Appeopriatisn, if Aoy

|45, 70,558,271
[2,78,%7, 7151

Add : Defpsil gw pe Income and
Laas : Surplus Lxpendilyr: Actount

a

Schedvle Ko, 14

Aa per owlr REpoTt of even
For & [ RS & OO,

Fune Jaahi

3000 2031

Mrrsershiv Ao, 037772

ACHEOULE - Y111
[ Wule J T (1

00,315

9,03,21,070

11,50, 80,000

11,9, 45,000

(1,40,41,20, 124

Z,A0,01,74.979

FAME 63, TER

7
i

0,77, 73,475
10,90,07,

12,51,860
25,50,008

47 ,2%,18,867)

M. 3 Sanarrebudbe
Sdmin (MTicer (Account sy

v D3 PP ApARI MARS S

wheet 15 na 9ET BPT 1ormat [T

Remistealivun Mo
27.0
]

Immovohls Propertes i- (At Cost)
Ralance ag ger iyl Balance Sheel
Additions dunng the yiur
Lagn : Sules during the yoar

Depreciation up 1o dule
Behednle Ne. 11

15, 26,013,406
14,4130, 64

Iovoatments :-

Wote © The macke? value of the abuve

owvestouenil i Ba e e
Bchedula o, 12

& Fiatares :-

Tialance as prr lusl Dalanes Sheet 315,52,021
Acdilions duritg fhe yoar 5,723,040
Lewn  Salew during the year U

Lepreeiation 0p to datn a
Eohcdule No. 11

|Becured or Uneacured) :
Ooed/ dodbifal
Loans Schalarships
Ither Loans

Advandss -
Ta Trusines
To Rainployeen amd otoer
To Supplicra, Security Tapesits) Prepoid
T Lawrnrs
To Frojual and Other Keorivabies
Boheduls Mo, 15

Income Dutatanding -
Lt
[nteresl
Cther Income

Cash and Bank Baleices :-
la) Ln Savings Accounl wich -
Fank of Larcia
1n Figeed Thenosit Account witd: -

] With the Trostee
lep @ e Manoger
Beheduls Na. 13
Incom: and Expenditurc Acoount ;-
Dalance as peo- Balatce Shoel

Lens : Apmopriebon, it any

Add o Ielcit
Leae { Sumplus

as per Tnoome aned
Expeniditure dceaunt

‘Tatal

1

R, 38,490,608

55,80,56,407

2,83, 79,022

L1}
e LTI T
Z,96,153, 555

1¢,71,24

28,650,159 8145

Thes alamve Belamee Shost te Lhe boys o repfous bekel coniein® & toue aciount of Lhe

Funds and lamttes and of the Proprety and Asaces of Lig Trusl,

For Inle:-University Cealoe o Asironony

and sTPnaayEUs

méa

NUAEly

TN Mahyankar
[&r, Admin, Olecr]

1rof, ]
Irector ¢ Troetee

Chatrperson dTrus o

Ceverming Doard
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8 A 12 fSHaR 2020 & GRM ISR B H AT fHY T fRIERT WM T8 TSt 367 (IAUS 367)
BT G I e iR foRRIT &1 a8 SRV UG ST o1, ST IAU & Seedi § s 2l
2020-2030 &V IS S0 AT 37 59T Dl & H WRIT TR—AT o7
3R 3 3N RO’ & o Fden &1 R o & fosw fosam am ey
Ig 31t | UTH f8 &1 I aRd 9Hg 3T a1 GUhi & fosy Afede wes s frem &t origeh &1

IRHT, UIT &7 4, TOARTS, IO 411007, ARG

M : NeAg ATel 91, .l gor feafieney aReR, moieREE, gor 411007, R
B : (91) (20) 2560 4100 et : (91) (20) 2560 4699

$-99 : publ@iucaa.in

gfavies R @rbex (URL) @ hitp://www.iucaa.in

matchstickds@gmail.com
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