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Quantum Theory and Gravity

Exploring the Rindler vacuum and the Euclidean plane

In flat spacetime, two inequivalent vacuum states which arise naturally are the Rindler vacuum
|R〉 and the Minkowski vacuum |M〉. One can then build standard QFT based on these two vacua
and study their inter-relationship. In particular, one can study Minkowski and Rindler Feynmann-
propagators GM(x2, x1) and GR(x2, x1), respectively, defined by the standard procedure. It is well
known that the Minkowski propagator GM can be thought of as a ‘thermalised’ version of the
Rindler propagator GR in the following sense:

GM(iτ) =

∞∑
n=−∞

GR
(
iτ + i 2πn g−1

)
, (1)

where τ denotes the Rindler time coordinate and g is the acceleration parameter, which is taken
to be unity henceforth. There is, however, another intriguing relationship between GM and GR,
which has received very little attention in the literature. It turns out that, for events (x1, x2) in
the right-Rindler wedge, Candelas and Raine (1976) showed there was a curious relation between
GR and GM given by:

GR(x1, x2) = GM[σ(x1, x2)]−

∫ ∞

−∞

dλ
GM[σ(x1, x

(r)
2 (τ2 − λ))]

π2 + (λ− τ1)2
, (2)

where σ2(x, y) is the square of the invariant distance between the two events, and the event x
(r)
2 (τ)

is defined through the relation x
(r)
2 (τ) = x2(τ ± iπ). Geometrically, one can interpret x

(r)
2 (τ) as the

‘reflection’ of x2(τ) about the origin of the x− t plane, as shown in Fig.1.

The original derivation of Eq.2 makes use of the fact that GR and GM are the Feynman propaga-
tors in the two vacua |R〉 and |M〉, respectively. It was not clear whether the same relation holds
for a much wider class of functions, and if so, what are the essential ingredients which go into this
relation. In this work, two functions {FR(τ), FM(τ)}, such that FM is the periodic sum of FR in
the sense of Eq.(1) are considered. When both these functions are even, Karthik Rajeev and T.

Padmanabhan showed that an integral transformation exists, which express FR in terms of FM
and hence, can be interpreted as the ‘inversion’ of the thermal sum. This transformation is given
by:

FR(z) =

∫
C

du

(iπ)

[
u

(u2 − z2)

]
FM(u), (3)

where the contour is C shown in Fig.2. Further, they showed that for real values of z, this integral
transformation reduced to a relation between FR and FM, which has exactly the form of Eq.2.
This result has the physical consequence that Feynman propagators of appropriate vacua in a
general spacetime with a bifurcate killing horizon, whose explicit expressions may even be unknown,
simultaneously satisfy equations analogous to Eq.1 and Eq.2.

Euclidean quantum field theory serves a useful mathematical tool to calculate important phys-
ical quantities in the real-world Lorentzian quantum field theories. In this work, Karthik and
Padmanabhan clarified an important issue related to the Euclidean to Lorentzian continuation
of points in Minkowski spacetime, namely, that the analytic continuation of the Euclidean polar
coordinates — which involves replacing tE → −it and τE → −iτ in x = ρ cos τE , tE = ρ sin τE —
would lead us only to the events in the right-Rindler wedge. The question arises as to how one



Figure 1: The geometric interpretation of the relation between x
(r)
2 and x2.

Figure 2: The contour C used in Eq.(3).



can extract the information contained in the other four wedges of the Lorentzian sector from the
expression valid in the Euclidean sector. In this work, they provided the four different analytic
continuations (see Tab.1) of the Euclidean polar coordinates such that one can reach all the four
wedges in the Lorentzian sector from the Euclidean Rindler spacetime. The procedure is based
on a simple unifying principle, viz, that the analytic continuation should map Euclidean squared
distance σ2

E to (σ2
M + iε), with a positive, infinitesimal, imaginary part in the Lorentzian sector.

The authors explicitly demonstrate that this procedure leads to the correct expressions for the
propagators in the Lorentzian sector, even when the two events are in two different wedges.

Case Euclidean→ Lorentzian σ2
E → σ2

RR (r, θ) → (ρ, iτe−iε) ρ2 + ρ′2 − 2ρρ′ cosh(τ − τ ′) + i0+

(r′θ′)→ (ρ′, iτ ′e−iε)
RF (r, θ) → (ρR, iτR) −ρ2

F + ρ2
R − 2ρF ρR sinh(τF − τR) + i0+

(r′, θ′)→ (iρF , iτF + π
2 + ε)

FF (r<, θ)→ (−eiεiρ<, iτ + π
2 ) −ρ2

< − ρ2
> + 2ρ<ρ> cosh(τ − τ ′) + i0+

(r>, θ′) → (iρ>, iτ ′ − π
2 )

Table 1: Recipe for analytic continuation: Here R, L and F denotes the right, left and future Rindler
wedges, respectively. The notation RR denotes the case when both points at which the propagator is
evaluated lies in R, while RF denotes the case when one point is in the right and other in the future wedge,
and so on. (r, θ) are the Euclidean polar coordinates and (ρ, τ ) the corresponding Rindler coordinates, with
the subscripts indicating the appropriate wedges.

Complex time route to quantum backreaction

When the degrees of freedom of a system can be naturally divided into two subsystems, say C and
q, apart from the classical limit (viz. the �→ 0 limit), one can also study another useful limit. This
corresponds to the limit in which one subsystem, say C, is effectively classical, while the other is
quantum mechanical. In the study of such systems, quantum backreaction refers to the correction
to classical dynamics of the subsystem C due to the feedback from the quantum excitations of q.

One approach towards studying backreaction equation, that is often discussed in the literature,
uses an effective action Seff [C] for the system C obtained by ‘integrating out’ the quantum degree
of freedom q. To obtain the dynamical equation that describes the backreaction on the system C,
we may demand that δRe[Seff ]/δC = 0 for the effective classical ‘trajectory’ C(t). Unfortunately,
there are some severe issues in this approach: (i) the backreaction equation is non-causal, and (ii)
the dynamics of C obtained by this approach does not seem to completely incorporate the effects
of particle production. The origin of these undesired features is the presence of matrix element
of operators acting on the Hilbert space of q-subsystem evaluated between the ‘in-vacuum’ and
the ‘out-vacuum’. The ‘in-in’ approach, where the ‘in-out’ matrix elements are replaced by ‘in-in’
expectation values, is devoid of the issues (i) and (ii). The main drawback concerning the ‘in-in’
prescription is that the manner in which one has to postulate – rather than derive– the backreaction
equation is ad hoc.

In this work, Karthik Rajeev illustrated how the ‘in-in’ prescription could be given a path
integral basis. For this purpose, he considered a C−q system described by the following Lagrangian:

L =
m(C)

2

[
q̇2 − ω2(C)q2

]
+ M

[
Ċ2

2
− V (C)

]
. (4)

He then formulated a path integral based effective action STeff for time evolution along a general
complex-time contour T . When the evolution is along the T1 of Fig.3, the corresponding back
reaction equation, obtained by varying the effective action ST1

eff [C], matches exactly with that of the
‘in-out’ formalism. On the other hand, for the choice of time-contour T2 of Fig.4, the backreaction



Figure 3: T1: The natural complex time contour that is relevant in the ‘in-out’ formalism.

Figure 4: T2: The natural complex time contour that is relevant in the ‘in-in’ formalism.



obtained by varying the corresponding effective action ST2

eff [C] turns out to be precisely that of the
‘in-in’ formalism.

Therefore, one obtains a path integral based approach for deriving the correct backreaction
prescription, which: (i) is causal and (ii) has the effect of particle production correctly taken into
account.

Cosmology and Structure Formation

Primordial black holes from a tiny bump or dip in the inflaton potential

The existence of primordial black holes (PBHs) has been a subject of considerable interest ever
since this possibility was suggested by Zeldovich and Novikov in 1967. Subsequently Hawking
(1974) showed that quantum evaporation would leave behind PBHs with masses greater than about
1015g, smaller black holes having completely evaporated by the present epoch. Interest in PBHs
grew quite rapidly following these two seminal papers. It was soon realized that PBHs created in
the early history of our universe could be of considerable importance since they might:

1. Seed the formation of supermassive black holes (BHs) in the nuclei of galaxies and AGN’s.

2. Influence the ionization history of the universe.

3. Contribute to the dark matter (DM) density in the universe.

One might add that since particle dark matter in the form of WIMPs or an axion has not yet been
compellingly discovered either by accelerator experiments or by direct DM searches, the possibility
that a significant component of DM may consist of primordial black holes presents an entirely
plausible and even alluring possibility.

Interest in PBHs received a major boost with the discovery by LIGO of gravitational radiation
from merging BHs (event GW150914) with a mass of about 30M�. This discovery was supported
by additional events, and at the time of writing, the number of black hole merger events exceeds
ten, with many more expected to follow from future runs of LIGO, Virgo and KAGRA.

The precise physical mechanism responsible for PBH formation has been a subject of considerable
debate. Early models of PBH production included: formation during bubble collision in a first order
phase transition, the collapse of topological defects such as domain walls and cosmic strings, etc.
Within the context of inflation, it was suggested that an enhancement of perturbations leading to
PBH formation would occur if the inflationary spectrum had a significant blue tilt and/or non-
Gaussianity, or if the inflaton rolled extra slowly for a duration of time which was much shorter
than the full inflationary epoch.

In the context of single-field models, PBHs can form if the potential contains a near inflection
point, or a saddle type region, which slows the motion of the inflaton field and leads to a spike in
the perturbation spectrum.

Alternatively, the inflaton can also slow down by climbing a small local bump-like feature in the
base inflationary potential. As demonstrated by Swagat Mishra and Varun Sahni by locally
slowing the motion of the scalar field, the bump behaves like a speed-breaker and leads to a sharp
increase in the amplitude of the curvature perturbation R. An interesting example of a local
speed-breaker arises if a term such as Vb(φ)ε(φ) (ε � 1), localised at φ = φ0, is added to the
base inflationary potential Vb(φ). Applying this simple prescription with a Gaussian speed-breaker
Δ(φ − φ0) to the string theory based KKLT model and to α-attractor potentials, the authors find
a sharp local enhancement of primordial perturbations at φ0, which can result in a significant
abundance of PBHs at the present epoch. The local nature of the speed-breaker permits the
generation of PBHs in a wide mass ranging from the ultra-light 10−17 M� to the super-heavy
102 M� without significantly affecting the scalar spectral index n

S
and the tensor-to-scalar ratio r

on scales measured by the Cosmic Microwave Background (CMB). This stands in marked contrast
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Figure 5: Inflaton potential with a primordial black hole feature in the form of a local bump superimposed
on it. The feature arises at an intermediate scalar field value φPBH before the end of inflation φend. Note
that the bump size is shown significantly amplified for the purposes of illustration.

to ‘near inflection point’ scenarios which have difficulty in producing large mass PBHs without
introducing a significant red tilt into the primordial perturbation spectrum on CMB scales.

Interestingly, a tiny local dip-like feature, which originates when a term such as Vb(φ)ε(φ) (ε � 1),
localised at φ = φ0, is subtracted from the base inflationary potential Vb(φ), also serves the purpose
of PBH formation. Therefore, a general potential capable of generating PBHs becomes:

V (φ) = Vb(φ) [1± ε(φ)] , (5)

where Vb is the base inflationary potential. The inflaton slows down while surmounting the
bump/dip, resulting in the amplification of the scalar power spectrum and the production of PBHs.
As demonstrated by Mishra and Sahni, both bumps and dips in the inflaton potential can suc-
cessfully generate PBH’s in a variety of mass-ranges (see Fig. 5).

In the standard single field inflationary paradigm, inflation is sourced by a minimally coupled
canonical scalar field φ with a suitable potential V (φ). The background evolution of the scalar field
is given by :

φ̈ + 3 Hφ̇ + V ′(φ) = 0 . (6)

The extent of inflation is indicated by the total number of e-foldings during inflation:

ΔNe = N i
e −N end

e = loge

aend

ai

=

∫ tend

ti

H(t)dt, (7)

where H(t) is the Hubble parameter during inflation. Ne denotes the number of e-foldings before
the end of inflation so that Ne = N i

e corresponds to the beginning of inflation, while Ne = N end
e = 0

corresponds to the end of inflation.

The slow-roll phase of inflation, ensured by the presence of the Hubble friction term in the
equation (6), is usually characterised by the first two Hubble slow-roll parameters εH , ηH ,

εH = −
Ḣ

H2
, ηH = −

φ̈

Hφ̇
(8)
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Figure 6: Left panel: The scalar power spectrum PR is determined: (a) by using the slow-roll approx-
imation (10) (solid green), and (b) by numerically solving the Mukhanov-Sasaki equation (red dots) for
the base KKLT inflation potential (11). PR is plotted as a function of the number of e-folds before the
end of inflation Ne. Note that both methods give identical results for a smoothly varying potential, in
which case PR decreases monotonically with decreasing Ne. Right panel: Shows the plot of the scalar
power spectrum during the formation of 10−13 M� PBHs in our model. This panel demonstrates that the
slow-roll formula (10), shown in solid green, miscalculates the amplitude as well as the peak position of PR.
Therefore, one must numerically solve the Mukhanov-Sasaki equation (dotted red) in order to compute PR
accurately.

where
εH , ηH � 1 , (9)

during the slow-roll regime, in which scalar field perturbations are usually quantified in terms of
the comoving curvature perturbation R and its power spectrum:

PR =
1

8π2

(
H

mp

)2
1

εH

. (10)

One finds that a decrease in the value of the slow roll parameter εH as the scalar field surmounts
the bump (speed-breaker) in its potential leads to a corresponding increase in the amplitude of the
power spectrum (10). This has been illustrated in Fig. 6.

A more accurate determination of PR is provided by solving the Mukhanov-Sasaki equation.
Mishra and Sahni have solved this equation to determine the black hole abundance in a class of
inflationary models including KKLT inflation, which has the base potential:

Vb(φ) = V0
φn

φn + Mn
, (11)

supplemented by a speed-breaker in the form of a local Gaussian bump:

ε(φ) = A exp

[
−

1

2

(φ− φ0)
2

σ2

]
, (12)

which is characterised by its height A, position φ0 and width σ.

Note that V (φ) is characterized by 4 parameters {V0, A, φ0, σ}. Since V0 fixes the overall CMB
normalization, only three parameters {A, φ0, σ} are relevant for PBH formation. A speed-breaker
consisting of a tiny bump of height A � 1 slows down the inflaton field sufficiently to enhance the
scalar power spectrum relevant for PBH formation as shown in Figs. 6 and 7. Thus, the existence
of black holes in the universe need not be attributed entirely to dying massive stars, black holes of
a primordial origin could also contribute substantially to the black hole abundance today.
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Figure 7: The fractional abundance of primordial black holes is shown as a function of PBH mass in the
KKLT model for three differently located bumps. One sees that KKLT inflation with a tiny bump can
generate nearly monochromatic narrow band mass functions, corresponding to 6×10−17, 10−13 and 15 M�

black holes. PBHs in these bands can contribute significantly to the dark matter density in the universe
today.

Voronoi volume function: A new probe of cosmology and galaxy evolution

Aseem Paranjape and Shadab Alam (Royal Observatory, Edinburgh) have proposed the Voronoi
volume function, (VVF) described below, as a novel probe of cosmology and structure formation.
For a collection of points in space, such as the locations of tracers like galaxies or dark matter
haloes, the Voronoi tessellation is a unique partitioning of space into cells such that (a) each cell
contains a single tracer, and (b) any point in a cell is closer to the tracer contained in that cell than
to any other tracer in the set. The Voronoi tessellation has a long history of applications in many
scientific fields, including cosmology and large-scale structure, where it has been previously used in
void-finding algorithms and numerical simulation techniques. The VVF proposed by Paranjape

and Alam is simply the distribution of cell volumes of the Voronoi tessellation of any given set of
galaxies or galaxy-like objects.

They show that the shape of the VVF of such tracers responds sensitively to physical proper-
ties such as mass, large-scale environment, sub-structure and redshift-space effects, making this a
hitherto unexplored probe of both primordial cosmology and galaxy evolution. Using convenient
summary statistics the width, median and a low percentile of the VVF as functions of tracer num-
ber density, they explore these effects using tessellations of tracers (specifically, dark matter haloes)
identified in a suite of N-body simulations of a range of dark matter models. They find that the
summary statistics are sensitive probes of primordial features such as small-scale oscillations in the
initial matter power spectrum (as arise in models involving collisional effects in the dark sector),
while being largely insensitive to a truncation of initial power (as in warm dark matter models). For
vanilla Cold Dark Matter (CDM) cosmologies, the summary statistics display strong redshift evolu-
tion and redshift-space effects, and are also sensitive to cosmological parameter values for realistic
samples. Comparing the VVF of galaxies in the GAMA survey with that of abundance matched
CDM (sub)haloes tentatively reveals environmental effects in GAMA beyond halo mass. Their
exploratory analysis, thus, paves the way for using the VVF as a new probe of galaxy evolution



Figure 8: Correlations between internal halo properties, tidal environment and large-scale

bias. (Left Panel:) Spearman rank correlation coefficients, for haloes in bins of mass Mvir, between tidal
anisotropy and other halo properties. In the legend, each coefficient γab is represented by the symbol a ↔b.
(Middle Panel:) Assembly bias trends seen using Spearman rank correlation coefficients γbc between halo
bias b and each internal property c. (Right Panel:) Conditional correlation coefficients γb1c|α for each
internal property c. Note that the vertical axis in the middle and right panels is zoomed in by a factor
∼ 3 as compared to the left panel. The right panel shows the main result of this work: each conditional
coefficient γb1c|α is substantially smaller in magnitude than the corresponding unconditional coefficient γb1c

in the middle panel. Thus, conditioning on tidal anisotropy α largely accounts for the assembly bias trend
of all internal halo properties.

physics as well as the nature of dark matter and dark energy.

Halo assembly bias and cosmic web tidal anisotropy

In the hierarchical ΛCDM universe paradigm, galaxies are believed to form within virialized dark
matter haloes which merge to form larger ones. Understanding the properties of haloes is, therefore,
crucial when one makes predictions for galaxy formation and infer the cosmology from observations.
Galaxies and their host haloes are embedded in the large scale structure of the universe known
as the cosmic web. This refers to the accumulation of matter into nodes, sheets and filament-like
structures leaving behind vast expanses of underdense voids. The web environment of these haloes
plays an important role in determining its late-time properties like angular momentum, shape and
spin. This could be because haloes experience strong tidal forces and mass inflow rates in anisotropic
environments like filaments as compared to more isotropic ones like the centre of a node, thereby
affecting their internal properties. The web environment of a halo is quantified in this work by
tidal anisotropy α, which is constructed with the tidal tensor. The clustering also seem to correlate
with halo properties like formation time, concentration, sub-structure content, spin, shape, velocity
dispersion and anisotropy. The dependence of halo clustering on a second property of the halo in
addition to mass is now generally referred to as Assembly Bias (AB).

The AB is interesting to look at for several reasons. It would help in understanding the physics
of structure formation. In the context of galaxy formation, the simplest empirical models link
galaxy properties to halo masses alone, so it is interesting to look at what imprints AB leaves on
galaxy properties. AB tells us that the large scale clustering some how determines the smaller
scale internal properties of the halo. Here, Sujatha Ramakrishnan, Aseem Paranjape, Oliver
Hahn and Ravi Sheth question whether this could be because of their mutual dependence on a
third intermidiary scale property. This is done by taking the example of a few halo properties,
and statistically show that halo AB is largely caused due to tidal anisotropy of the environment.
This is done with the help of analysing N-body simulations and measuring halo properties such as
shape, dispersion and anisotropy in velocity, spin and concentration. Then, the correlations which
exist between halo internal properties and large scale clustering properties are studied to find that
it is possible to statistically reduce this correlation when the anisotropy of the tidal environment
is kept fixed. Fig. 8 summarises the main result. From this, Ramakrishnan, Paranjape and



collaborators establish the conditional independence of bias and internal properties of halo at fixed
α, and conclude that the tidal anisotropy of the environment of the halo plays a significant role in
shaping the internal properties as well as its correlations to the large scale clustering.

Observational Cosmology

Signatures of self-interacting dark matter on cluster density profile and
sub-halo distributions

Currently astrophysical observations provide the best way to explore the particle physics properties
of dark matter. Does dark matter have any interactions other than gravity? In this research work,
by Surhud More and collaborators, large cosmological simulations were run including effects of
different self-interactions of dark matter motivated from toy particle physics models. The focus of
the study was to look at various observational properties of galaxy clusters such as the dependence
on the number density profiles of satellite sub-halos and the density distribution of matter, in
the presence of such interactions. It was shown that current weak lensing data can already put
constraints on the self-interaction cross-section that are comparable to those obtained from the
analysis of the Bullet Cluster.

The splashback radius of optically selected clusters with Subaru HSC
second public data release

The edges of galaxy clusters, the so-called splashback radius, contain important information about
how the galaxy clusters were assembled. The observed location of these edges in optically selected
galaxy clusters, showed that they were about 20 percent smaller than expectations from the standard
cosmological model. Surhud More and collaborators carried out research in which, the detection
of the edges of galaxy clusters was extended to even earlier epochs in the Universe, as early as
when it was just half its present age. This research made use of the data from the Subaru Hyper
Suprime Cam survey. Tests on mock catalogues of galaxies showed that the new optical cluster
finding algorithm used in the work was less susceptible to optical cluster selection effects.

On the measurements of assembly bias and splashback radius using opti-
cally selected galaxy clusters

The galaxy clusters selected from large imaging surveys have been previously used to detect the
edges of galaxy clusters and to study the effect of halo assembly bias. In this research work, Tomomi
Sunayama, a postdoc from Japan, in collaboration with Surhud More, critically examined the
methodology behind these observational detections with the help of mock galaxy catalogues. They
mimicked the optical cluster detection algorithms and applied them to these mock catalogues to
show that the optical cluster finding algorithm can induce selection effects which cause one to infer
the presence of halo assembly bias, even when the signal is explicitly erased in the mock catalogue.
The work also showed that the projection effects induced by the optical cluster finding can bias
the inference of the edges of galaxy clusters, and thus, appropriate caution is warranted before
interpreting these observations done using optically selected galaxy clusters.

Kinematics of cluster galaxies and their relation to galaxy evolution

Surhud More and collaborators studied the kinematics of galaxies within massive clusters to
probe the physics of quenching of star forming galaxies within galaxy clusters. It was shown
using numerical simulations of dark matter, that the kinematics of satellite galaxies can provide
information about galaxy infall that is complementary to the (instantaneous) spatial distribution
of satellites. This kinematic information can help distinguish between models of galaxy quenching



that require intracluster processes from those that do not. Comparing the simulation results with
measurements of real cluster galaxies, the research work presented evidence that the kinematics
of red (quiescent) satellite galaxies are consistent with earlier infall times than that of blue (star-
forming) satellites.

Cosmological constraints from cosmic shear two-point correlation func-
tions with HSC survey first-year data

The gravitational lensing effect in the Einstein’s general theory of relativity causes the shapes of
background galaxies to get distorted due to the gravitational field of the intervening large scale
structure. By measuring the exquisite images of about 9 million galaxies taken with the Subaru
telescope using the Hyper Suprime-Cam (HSC) camera, the survey collaboration measured the
weak lensing effect. The cosmic weak lensing shear two-point correlation functions were measured
using data from the HSC survey first-year shear catalogue covering 137 sq deg of the sky. This
study complemented the study performed the year before using power spectrum methods.

For a flat lambda-dominated cold dark matter model, the collaborators which included Surhud

More, were able to constrain the amplitude of density fluctuations with an accuracy of 3.5 percent
similar to that in the study using power spectrum methods. In comparison with Planck cosmic
microwave background constraints, these results prefer slightly lower values of these amplitude
of density fluctuations, although metrics such as the Bayesian evidence ratio test do not show
significant evidence for discordance between these results. The ongoing full HSC survey data will
contain several times more area, and will lead to significantly improved cosmological constraints.

SuGOHI-VI. Crowdsourced lens finding with Space Warps

The lens search was carried out, targeting massive galaxies, selected from over 442 square degrees
of photometric data of the Hyper Suprime-Cam (HSC) survey using Space Warps, a citizen science
project. Nearly 6,000 citizen volunteers participated in the experiment to inspect a sample of 300,000
galaxies. In parallel, Anupreeta More and collaborators used YattaLens, an automated lens
finding algorithm, to look for lenses in the same sample of galaxies. Based on a statistical analysis
of classification data from the volunteers and combined with lenses from YattaLens, they were able
to find 14 definite lenses, 129 probable lenses, and 581 possible lenses. YattaLens found half the
number of lenses discovered via crowdsourcing which is able to produce samples of lens candidates
with high completeness and purity, compared to currently available automated algorithms. A hybrid
approach, in which the visual inspection of samples of lens candidates pre-selected by discovery
algorithms and/or coupled to machine learning is crowdsourced, will be a viable option for lens
finding in the 2020s.

SuGOHI-V. Group-to-cluster scale lens search from the HSC-SSP survey

The largest sample of candidate strong gravitational lenses belonging to the survey of gravitation-
ally lensed objects in Hyper Suprime-Cam Imaging for group-to-cluster scale (SuGOHI-c) systems
are reported. Anupreeta More and collaborators visually inspected ∼ 39,500 galaxy clusters,
selected from several catalogues spanning the cluster redshift range 0.05 < zcl < 1.38. Over 640
candidate lens systems were discovered, of which 536 were new. From the full sample, 47 are almost
certainly bonafide lenses, 181 of them are highly probable lenses, and 413 are possible lens systems.
Additionally, 131 galaxy-scale lens candidates were serendipitously discovered during the inspection.
Eight systems were spectroscopically confirmed as strong gravitational lenses. Since the HSC-SSP
is an ongoing survey, it is expected to find ∼ 600 definite or probable lenses using this procedure
and even more if combined with other lens finding methods.



SuGOHI-IV. Lensed quasar search in the HSC survey

Strong gravitationally lensed quasars provide a powerful means to study galaxy evolution and
cosmology. Anupreeta More and collaborators use CHITAH, an algorithm to hunt for new lens
systems, particularly lensed quasars, in the Hyper Suprime-Cam Subaru Strategic Program (HSC
SSP) S16A. A sample of 46 lens candidates are presented, of which 3 are previously known. The
six most promising candidates were confirmed with spectroscopy. The authors apply the software
GLEE to model the six confirmed lenses uniformly. Through the analysis of the HSC images, it is
noted that three systems appear to have point-like sources, which may or may not AGNs intrinsically.
Using emission line widths and diagnostics, one of the sources was found to be a probable quasar
and another source was found to be a Lyman-α emitter.

STRIDES: A 3.9 per cent measurement of the Hubble constant from the
strong lens system DES J0408-5354

A blind time-delay cosmographic analysis for the lens system DES J0408-5354 is presented. This
system is extraordinary for the presence of two sets of multiple images at different redshifts, which
provide the opportunity to obtain more information at the cost of increased modelling complex-
ity with respect to previously analyzed systems. Anupreeta More and collaborators combine
the measured time delays, line-of-sight central velocity dispersion of the deflector, and statistically
constrained external convergence with lens models to estimate two cosmological distances. The
”effective” time-delay distance corresponding to the redshifts of the deflector and the lensed quasar
and the angular diameter distance to the deflector, with covariance between the two distances, are
measured. From these constraints on the cosmological distances, the Hubble constant is inferred
to be H0 = 74.2 − 3.0 + 2.7kms−1 Mpc−1 assuming a flat LCDM cosmology. This measurement
gives the most precise constraint on H0 to date from a single lens, which is consistent with mea-
surements of H0 based on the local distance ladder, reinforcing the tension with the inference from
early universe probes, for example, with 2.2σ discrepancy from the cosmic microwave background
measurement.

X-ray study of the double source plane gravitational lens system Eye of
Horus observed with XMM-Newton

A double source plane (DSP) system is a precious probe for the density profile of distant galaxies
and cosmological parameters. However, these measurements could be affected by the surrounding
environment of the lens galaxy. Thus, it is important to evaluate the cluster-scale mass for detailed
mass modelling. The Eye of Horus, a DSP system discovered by the Hyper Suprime-Cam Subaru
Strategic Survey (HSC-SSP), was followed up with XMM-Newton. Anupreeta More, Surhud

More and collaborators detected two X-ray extended emissions, originating from two clusters, one
centred at the Eye of Horus, and the other located ∼100 arcsec north-east to the Eye of Horus.
The dynamical mass assuming hydrostatic equilibrium was determined, and their contributions
to the lens mass interior of the Einstein radius was evaluated. The contribution of the former
cluster is 1.1+1.2

−0.5 × 1012M�, which is 21-76 per cent of the total mass within the Einstein radius.
The discrepancy is likely due to the complex gravitational structure along the line of sight. On
the other hand, the contribution of the latter cluster is only ∼ 2 per cent on the Eye of Horus.
Therefore, the influence associated with this cluster can be ignored.

Discovery of an unusually compact lensed Lyman break galaxy from Hy-
per Suprime-Cam survey

HSC J0904-0102, a quadruply lensed Lyman-break galaxy (LBG) in the survey of gravitationally-
lensed objects in Hyper Suprime-Cam Imaging (SuGOHI) has been reported by Anupreeta More

and collaborators. Owing to its point-like appearance, the source was thought to be a lensed active



galactic nucleus. Follow up spectroscopy suggested that the foreground galaxy is a typical early-
type galaxy at a high redshift of z = 0.957 with stellar velocity dispersion σ = 259±56 km s−1 and
the lensed source is identified as an LBG at z = 3.403, based on the sharp drop bluewards of Lyα
and other absorption features. A simple lens mass model for the system yields an Einstein radius
of REin = 1.23 arcsec and a total mass within the Einstein radius of MEin = (5.550.24)× 1011M�

corresponding to a velocity dispersion of σ = 283 ± 3 km s−1, which is in good agreement with
the value derived spectroscopically. In comparison with other lensed LBGs and typical z ∼ 4 LBG
populations, HSC J0904-0102 is unusually compact, an outlier at 2σ confidence. Together with a
previously discovered SuGOHI lens, HSC J1152+0047, which is similarly compact, it is believed
that the HSC survey will extend the LBG studies down to smaller galaxy sizes.

Lensed quasar search via time variability with the HSC transient survey

A new lens search algorithm was developed by Anupreeta More and collaboratos for four-image
(quad) lensed quasars based on their time variability. A pipeline simulating multi-epoch images of
lensed quasars in cadenced surveys, accounting for quasar variabilities, quasar hosts, lens galaxies,
and the PSF variation is constructed. Applying the simulation pipeline to the Hyper-Suprime Cam
(HSC) transient survey, an ongoing cadenced survey, HSC-like difference images of the mock lensed
quasars are generated. Using the difference images of the mock lensed quasars and other variable
objects from the HSC transient survey, their algorithm picks out variable objects as lensed quasar
candidates based on their spatial extent in the difference images. The performance of their lens
search algorithm is tested on a sample combining the mock lensed quasars and variable objects from
the HSC transient survey. The lens search algorithm achieves a high true-positive rate (TPR) of
90.1% and a low false-positive rate (FPR) of 2.3% for the bright quads (the third brightest image
brightness mthird < 22.0 mag) with wide separation. With a pre-selection on the number of blobs
in the difference image, a TPR of 97.6% and a FPR of 2.6% was obtained for the bright quads
with wide separation. Even when difference images are only available in one single epoch, the lens
search algorithm could still detect the bright quads with wide separation at high TPR and low FPR.
Therefore, this algorithm is promising and could find new lensed quasars in ongoing and upcoming
cadenced surveys, such as the HSC transient survey and the Large Synoptic Survey Telescope.

Extragalactic Astronomy

Formation of disk galaxies around z ∼ 2

Understanding the formation of disk galaxies like our Milky Way, Andromeda remains a challenging
issue today. It is only in the last few years that cosmological simulations have started producing
disk galaxies like ours, which can be followed up via zoom simulations to understand how disks grow
over time. However, a number of questions remain to be answered; for example, when did disks
start forming? What were the primary physical processes involved? At present, we lack adequate
observational evidences to answer any of these questions. Kanak Saha and collaborators show
some observational evidences on the epoch of disk formation based on Hubble Space Telescope
(HST/WFC3) imaging data. A key component of this work has been a careful decomposition of a
galaxy’s light distribution into bulge and disk components for a sample of galaxies with redshifts
ranging from z = 1.5−4.0. Such a decomposition provides us a categorised sample of pure spheroids
(or bulge/elliptical like galaxies), pure disks and disk+bulge (two-components) systems (Fig. 9
shows an example of pure disk and two-component disk galaxies at z = 2.81). They found that
two-component systems have increased from 46% at z > 2 to 70% at z < 2. Pure disks have
grown substantially - both in size and mass while pure spheroids didnt evolve much across this
redshift range. The same is true for the bulges residing in the two-component systems. They report
substantial activity for the disk formation and its growth at around this redshift. This project
has been in collaboration with Sonali Sachdeva, Rupjyoti Gogoi, Ajit Kembhavi and Somak

Raychaudhury.



Figure 9: .

Narrowband Hα imaging of nearby Wolf-Rayet galaxies

The aim of this work is to explore the formation and evolution of Wolf-Rayet (WR) galaxies. The
WR galaxies are subset of HII galaxies. They are classified based on broad optical emission features
of HeII λ4686 and CIV λ5808 lines, originated in the stellar winds from a substantial population of
WR stars. Thease features in WR galaxies are often seen after 2− 5 Myr of intitial star formation
for a short duration (< 0.5 Myr), until WR population end their lives in supernovae. Therefore,
these galaxies are ideal systems to explore onset of star formation and its triggering mechanism.

Abhishek Paswan, Kanak Saha and Amitesh Omar studied using their own narrowband Hα
imaging observations along with other archival data from GALEX, SDSS, IRAS, FIRST and NVSS
surveys. Most of the galaxies show a morphological feature related to galaxy tidal interactions
and mergers process (e.g., see Fig. 10). Here it is found that these WR galaxies have exprienced
tidal interactions and/or mergers with low-luminous dwarf galaxy or HI cloud that most likely
triggered the recent star formation in galaxies. These galaxies are further put in the main sequence
(MS) relation (a relation between stellar-mass and star formation rate). They followed a similar
MS relation as known for non-WR star-forming galaxies, suggesting that WR systems evolve in
a similar fashion as normal star-forming galaxies evolve. In case of WR galaxies, it is, however,
noticed that the scatter in the relation is comparitively higher than that of normal star-forming
galaxies. It is mainly due to merging/interacting nature of the WR systems.

Incoherent fast variability of X-ray obscurers: The case of NGC 3783

Variation in absorption of X-ray radiation emitted from the Active Galactic Nuclei (AGN) is a phe-
nomenon seen in the X-ray spectra of several active galaxies. Studying this phenomenon utilizing
the high X-ray spectra from X-ray instruments and the computer simulations allow us to estimate
the several physical properties of the variable ionized gas present in the vicinity of the super-massive



Figure 10: Left: The broad r-band image, tracing the stellar continnum light in the galaxy. Right: The
stellar continuum subtracted Hα emission line image, tracing ionized gas or site of star-forming regions
in the galaxy. (Both the images towards the south-west direction show a tidal tail like feature related to
galaxy tidal interaction process)

black hole in AGN. Tek. P. Adhikari, and collaborators carried out a comparative analysis of
X-ray spectrum of NGC 3783 during unobscured and obscured states observations. The study of
spectral -timing properties of the X-ray obscurer in NGC 3783 enabled them to put independent
constraints on the density and location of the obscuring gas.

What shapes the absorption measure distribution in AGN outflows?

The absorption measure distribution (AMD) in the X-ray outflows of Seyfert active galactic nuclei
describes the distribution of absorbing column density as a function of ionization level of the gas.
The shape of this distribution provides the information regarding the distribution of ionized materi-
als in the environment of super-massive black hole. T. P. Adhikari and collaborators investigated
such distribution and tested a range of photoionization models against the overall shape of the AMD
as observed in Seyfert galaxies. In particular, they demonstrated that the shape of the distribution
of ionized material is determined by both the spectral energy distribution (SED) of radiation that
enters the material, and its density. The model that best follows the observed distribution of AMD
is one wherein the gas density of the absorbing outflow is of the order of 1012 cm−3, irradiated by
an SED whose optical/UV power is 100 times higher than the X-ray power (see Fig. 11).

Galaxies

In order to understand the possible mechanisms of recurrent jet activity in radio galaxies and
quasars, Sumana Nandi, D.J. Saikia, Rupak Roy, Pratik Dabhade, et al. have identified such
sources with a large range of linear sizes (220 917 kpc), and hence time scales of episodic activity.
They have presented high-sensitivity 607-MHz Giant Metrewave Radio Telescope (GMRT) images
of 21 possible double-double radio galaxies (DDRGs) identified from the FIRST survey confirming
their episodic nature. A new DDRG has been identified with a candidate quasar. The estimated
age limits (11 52 Myr) are smaller than those of the large-sized (∼ 1 Mpc) DDRGs.

The CHANG-ES galaxy sample consists of 35 nearby edge-on galaxies that have been observed
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using the VLA at 1.6 and 6.0 GHz. The third data release of the sample, namely, the B configuration
1.6 GHz sample and spectral index maps between 1.6 and 6.0 GHz with a matched resolution of ∼ 3
arcsec have been presented. The authors examine the possible presence of low-luminosity active
galactic nuclei (AGNs) in the sample, as well as some in-disk structure. New features can be seen
in the spectral index maps that are masked in the total intensity emission, including hidden spiral
arms in NGC 3448 and two previously unknown radio lobes on either side of the nucleus of NGC
3628. The AGN detection rate, using only radio criteria, is ∼55%.

D.J. Saikia and collaborators present results of HI absorption experiment done using the GMRT
towards 27 low- and intermediate-luminosity radio active galactic nuclei (AGNs), classified as either
low excitation radio galaxies (LERGs) or high excitation radio galaxies (HERGs) and with WISE
colour W2[4.6μm]−W3[12μm] > 2. They report HI absorption detection towards seven radio AGNs,
six of which are new. Combined with other sources from the literature, they show that compact
radio AGNs with WISE colour W2 −W3 > 2 have higher detection rates compared to those with
W2−W3 < 2. HI absorption detection rate is shown to be higher for HERGs compared to LERGs,
mainly due to a larger fraction of HERGs being gas and dust rich with a younger stellar population
and thus with W2−W3 > 2 compared to LERGs. The detection rates are similar for similar WISE
colours W2−W3 > 2, implying detection of HI gas may not necessarily mean high excitation mode
AGN. From an analysis of the kinematics, they find that LERGs show a significantly wider range
in the shift of centroid velocities of the absorbing gas than HERGs possibly due to differences in
jet-interstellar medium interaction.

Gravitational Waves

Optimal optical search strategy for finding transient in large sky error
region under realistic constraints

Javed Rana, Shreya Anand, and Sukanta Bose developed this new method in multi-messenger
astronomy. In order to identify the rapidly-fading, optical transient counterparts of gravitational
wave (GW) sources, an efficient follow-up strategy is required. Since most ground-based optical
observatories aimed at following-up, GW sources have a telescope with a small field-of-view (FOV)
as compared to the GW sky error region, they focus on a search strategy that involves dividing the
GW patch into tiles of the same area as the telescope FOV to strategically image the entire patch.
They presented an improvement over the past optimal telescope-scheduling algorithms by combining
the tiling and galaxy-targeted search strategies, and factoring the effects of the source air-mass and
telescope slew, along with setting constraints, into the scheduling algorithm in order to increase
the chances of identifying the GW counterpart. Using the observatory site of the GROWTH-India
telescope as an example, they generated 100s of skymaps to test the performance of their algorithms.
Their results indicate that slew-optimization can reduce the cumulative slew angle in the observing
schedule by 100s of degrees, saving several minutes of observing time without the loss of tiles and
probability. Further, they demonstrated that as compared to the greedy algorithm, the airmass-
weighted algorithm could acquire up to 20% more probability and 30 sq. degree more in areal
coverage for skymaps of all sizes and configurations.

Regularised map-making of a stochastic gravitational wave background

Estimating a map of the SGWB sky from noisy data is a challenging problem. This is becoming
progressively relevant as the number of detectors are increasing and the existing ones are becoming
more and more sensitive, and a detection of the isotropic background map happen in a few years time.
Since the matrix that couples the true anisotropic sky to the data is ill conditioned, deconvolution
of the observed map becomes more reliable when known features about the expected signal is
incorporated in the process. S. Panda, Shweta Bhagawat, J. Suresh and Sanjit Mitra introduced a
widely used procedure to incorporate these “priors” through a Bayesian regularization scheme in this
context. They demonstrate that regularization significantly enhances the quality of reconstruction,



(see Fig. 12), especially when the intensity of the source is weak, and it dramatically improves the
stability of deconvolution.

Effect of induced seismicity on advanced gravitational wave interferome-
ters

Advanced LIGO and the next generation of ground-based detectors aim to capture a large number
of binary coalescences through improving sensitivity and duty cycle. Earthquakes have always
been a limiting factor at lower frequencies, where neither the pendulum suspension nor the active
controls provide sufficient isolation to the test mass mirrors. Several control strategies have been
proposed to reduce the impact of teleseismic events by switching to a robust configuration with less
aggressive feedback. The continental United States has witnessed a huge increase in the number
of induced earthquake events primarily associated with hydraulic fracking-related waste water re-
injection. Effects from these differ from teleseismic earthquakes primarily because of their depth
which is in turn linked to their triggering mechanism. N. Mukund, B. O’Reilly, S. Somala and
Sanjit Mitra discuss the impact caused by these low magnitude regional earthquakes and explore
ways to minimize the impact of induced seismicity on the detector.

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. Optimising the consequential increase in false alarms poses a serious
computational challenge. Bhushan Gadre, Sanjit Mitra and Sanjeev Dhurandhar propose here
a hierarchical strategy to search for CBCs for a network of detectors. The methodology is essentially
as follows: In the first step, a search with a coarse bank at low sampling rate is performed with a
relatively low threshold and then the candidate triggers are followed up with a fine search with the
requisite threshold. This method of search is more efficient. They demonstrate the computational
advantage of about 20 over the usual search in real data. This saving in the computational cost
will allow them to free up computational resources and time.

Optimal chi-square vetos for sine-Gaussian glitches

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 optimal. In this work, R.
Dhurkunde, P. Joshi, Sanjeev Dhurandhar and Sukanta Bose construct an optimal chi-square
test for glitches in the data, which can be modelled as sine-Gaussians, because such glitches are
ubiquitous in the data. The method for constructing any chi-square has been fully discussed in our
previous work on unified chi-squares (Sanjeev Dhurandhar, et al., 2017). 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 large 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.

Improving the anisotropic stochastic background search with a natural
set of basis functions

The anisotropic stochastic background is estimated using the radiometric search, in which one cross-
correlates the time series data from two detectors in short data segments, and then takes the noise
weighted sum to arrive at a statistic. However, this statistic results in point spread function, which
maps a point source to a diffused image. Therefore, the image obtained of any source is dirty



Figure 12: Demonstration of regularised deconvolution for a fiducial injected map (a) The raw ‘dirty’ map
(b) is convolved with the antenna pattern functions of the detectors and needs to be deconvolved to estimate
the true sky. Maximum likelihood estimation with the standard conjugate gradient method, that performs
well in these situations, yields a noisy result. The Bayesian regularisation method, with a generic prior
to prefer a smoother, less fluctuating, solution in this case, produces a much better match between the
recovered and the injected map. The dirty map has poorer match with the source map for weak sources,
especially for point like ones, which is why it is not optimal to use it directly without deconvolution. [Phys.
Rev. D 100, 043541, arXiv:1905.08276 [gr-qc].]



and needs to be cleaned up by deconvolution. The deconvolution procedure involves the inversion
of the beam matrix which is expressed in terms of basis functions. So far in the literature, two
bases have been used: (i) the pixel basis, and (ii) the spherical harmonic basis. In this project, P.
Upadhyaya, Sanjeev Dhurandhar and Shivraj Kandhasamy propose to explore a third basis
which is natural to the problem - namely, the point spread functions themselves. The point spread
functions are intersections of the sky sphere with cones determined by the baseline joining the
detectors. We expect this approach to lead to an efficient handling of the problem.

Time-delay interferometry for LISA (Laser Interferometric Space An-
tenna)

The review article written by M. Tinto and Sanjeev Dhurandhar dated earlier of 2014 has been
now updated after the discovery of gravitational waves. The update was necessary, because the
design of LISA has changed in recent years for various reasons such as technological advances. The
article now incorporates the changes from the current experimental design. On another front, more
insights on the mathematics have been added, for example, how this work relates to the famous
Hilbert’s syzygy theorem, etc. Our current experience with real data from ground-based detectors
has shown why it is important to adopt an approach in which the statistical constructs from the
data analysis are free from singularities. The algebraic-geometric approach described in the article
is inherently singularity free.

Cosmic Magnetic Fields

Characterising the dynamo in a radiatively inefficient accretion flow

The MRI driven dynamo in a radiatively inefficient accretion flow (RIAF) using the mean field dy-
namo paradigm was explored by Prasun Dhang, Abhijit Bendre, Prateek Sharma, Kandaswamy

Subramanian. Using singular value decomposition (SVD), the least squares fitting dynamo coef-
ficients α and γ were obtained, by comparing the time series of the turbulent electromotive force
and the mean magnetic field. This study is the first one to show the poloidal distribution of these
dynamo coefficients in global accretion flow simulations. Surprisingly, a high value of the turbulent
pumping coefficient γ was obtained, which transports the mean magnetic flux radially outward.
This would have implications for the launching of magnetised jets which are produced efficiently
in presence a large-scale poloidal magnetic field close to the compact object. A scenario of a trun-
cated disc beyond the RIAF, where a large scale dynamo-generated poloidal magnetic field can
aid jet-launching close to the black hole was explored. Magnitude of all the calculated coefficients
decreases with radius. Meridional variations of αφφ, responsible for toroidal to poloidal field con-
version, is very similar to that found in shearing box simulations using the ‘test field’ (TF) method.
By estimating the relative importance of α-effect and shear, it was concluded that the MRI driven
large-scale dynamo, which operates at high latitudes beyond a disc scale height, is essentially of the
α− Ω type.

Generation of large scale magnetic fields due to helicity and shear

Coherent large-scale magnetic fields and mean differential rotation are two common features of most
astrophysical objects, such as the Sun, stars, galaxies, etc. Magnetic fields in these systems are
maintained by turbulent dynamo action, where the standard paradigm for large-scale component
involves amplification of weak seed fields due to helical turbulence in shear flows. The alpha-effect,
which in idealized settings, is a measure of net kinetic helicity and arises naturally in systems with
rotation and stratification, plays a crucial role in driving large-scale dynamos in a variety of systems.

In a recent work, Nishant Singh, together with Naveen Jingade, studied the mean field dynamo
action in a background linear shear flow by employing pulsed renewing flows with fixed kinetic
helicity and non-zero correlation time. They used plane shearing waves in terms of time-dependent



exact solutions to the Navier-Stokes equation as derived by Singh and Sridhar (2017), and deter-
mined the average response tensor governing the evolution of mean magnetic field. The growth
rate and cycle period of the growing dynamo wave revealed new scaling relations with the shear
rate. These have implications for magnetic activity cycles of stars in recent observations. Their
study essentially generalizes the standard alpha-omega dynamo as also the alpha-effect is affected
by shear and the modelled random flow has a finite memory.

The shear dynamo problem with a magnetic background

In recent years, the possibility of large-scale dynamo action through the shear-current effect in flows
where more conventional dynamo effects, such as the alpha-effect arising through stratification and
rotation, cannot operate, has gained a lot of interest. Latest work of Nishant Singh and his
collaborators involved a study of shear-current effect in the presence of magnetized burgulence. The
main purpose of this work was to check if recently claimed magnetic shear current effect could lead
to dynamo growth. By measuring the turbulent transport coefficients, importantly the diffusivity
tensor, using the non-linear test-field method, they found that the magnetic shear current effect
is not operative in most cases which show a dynamo instability. Further analysis revealed that
the main driver of the dynamo in those cases is the so-called incoherent-alpha shear mechanism in
which alpha-coefficients are allowed to fluctuate about a zero mean.

High Energy Astrophysics

Polarisation measurements

Polarisation measurements of the prompt emission of 11 bright Gamma Ray Bursts detected during
the first year of AstroSat operations have been presented by Dipankar Bhattacharya, Vidushi

Sharma and collaborators. There were six detections and five upper limits, indicating a wide range
in the degree of polarisation of the emission integrated over the burst. It appears likely that temporal
averaging reduces the measurable polarisation in a significant number of GRBs. Time resolved
analysis of one of the brightest events, GRB160821A, carried out by Sharma, Bhattacharya,
Shabnam Iyyani and collaborators, revealed near-orthogonal transition of polarisation angle twice
through the burst, accompanied by a change in spectrum. The observed behaviour indicates the
presence of strongly ordered magnetic field in the emitting material.

AstroSat observation of an accreting black hole

Detailed AstroSat observations of an accreting black hole binary MAXI J1535-571 led to the dis-
covery of a very strong correlation between the spectral slope and the frequency of quasi-periodic
oscillation in the intensity of the X-ray radiation. This poses significant constraints on the ori-
gin of the observed X-ray emission, and suggests that a Comptonising region controls both the
emergent spectrum and the intensity variations. This observation has been done by Yash Bhar-

gava, Dipankar Bhattacharya, Ranjeev Misra and collaborators. AstroSat observations of
another well-known black hole X-ray binary GRS 1915+105 by Bhattacharya and collaborators
have showed, for the first time, a variation in the frequency of the ∼70 Hz quasi-periodic oscillation
of its X-ray luminosity being correlated with the spectral state of the source

Sustained timing observations of eight radio pulsars with the Ooty Radio Telescope and the Giant
Metrewave Radio Telescope by A. Basu, Dipankar Bhattacharya and collaborators revealed 11
incidents of sudden change in the spin frequency of these pulsars, called glitches. Three of these
glitch events were new discoveries, the remaining being reported also from other observatories



 2

 3

 4

 5

 6

 7

 8

 9

 10

 2.5  3  3.5  4  4.5  5  5.5  6

Q
P

O
 f

re
q

u
e

n
c

y
 (

H
z
) 

/ 
M

d
o

t 
(1

0
1
8
 g

/s
)

Radius (rg)

χ class
IMS
HS

a=0.97, N=0.22
a=0.91, N=0.35
a=0.99, N=0.17

 2

 3

 4

 5

 6

 7

 8

 9

 10

 2.5  3  3.5  4  4.5  5  5.5  6

Q
P

O
 f

re
q

u
e

n
c

y
 (

H
z
) 

/ 
M

d
o

t 
(1

0
1
8
 g

/s
)

Radius (rg)

χ class
IMS
HS

a=0.97, N=0.22
a=0.91, N=0.35
a=0.99, N=0.17

Figure 13: Variation of QPO frequency divided by the accretion rate with inner disk radii. The lines
represent the predictions by the relativistic standard accretion disk model for dimensionless spin parameter
a = 0.973 (best fit) and for comparison, a = 0.91 and 0.99.

AstroSat observations

AstroSat observed the galactic micro-quasar system GRS 1915+105 when the system exhibited C-
type Quasi-periodic Oscillations (QPOs) in the frequency range of 2-6 Hz. For these observations,
Ranjeev Misra, D. Rawat, J.S. Yadav and P. Jain showed that the broad band spectra (1-50 keV)
obtained from simultaneous LAXPC and SXT, can be well described by a dominant relativistic
truncated accretion disk along with thermal Comptonization and reflection. They found that while
the QPO frequency depended on the inner radii with a large scatter, a much tighter correlation
has been obtained when both the inner radii and accretion rate of the disk was taken into account
(See Fig. (13). In fact, the frequency varies just as the dynamic frequency (i.e., the inverse of the
sound crossing time) as predicted decades ago by the relativistic standard accretion disk theory for
a black hole with spin parameter, a ∼ 0.9. Thus, a general relativistic prediction has been tested
using X-ray data analysis. This identification has been possible due to the simultaneous broad band
spectral coverage with temporal information as obtained from AstroSat.

Comparative study of a sample of narrow-line and broad-line Seyfert 1

Vineet Ojha, Hum Chand, Gulab C. Dewangan and Suvendu Rakshit performed a detailed com-
parative systematic study of a sample of 221 narrow-line Seyfert 1 (NLSy1) galaxies in comparison
to a redshift-matched sample of 154 Broad-line Seyfert 1 (BLSy1) galaxies based on ROSAT and
XMM-Newton telescopes. Based on their homogeneous analysis, they investigated correlations be-
tween the soft X-ray spectral shape, Eddington ratios, bolometric luminosity, black hole masses,
and the widths of the broad component of optical Hbeta line. They found clear evidence for the
difference in the distributions of soft X-ray spectral shape and Eddington ratio among NLSy1 and
BLSy1 galaxies, with steeper soft X-ray spectrum and higher Eddington ratio for the former. Such
a difference also exists in the hard X-ray spectral index distribution. These results suggests that
the higher Eddington ratio in NLSy1 is responsible for the steeper X-ray spectral slope compared
to the BLSy1, consistent with the disc-corona model as proposed for the luminous AGNs.

Detection of a type C quasi-periodic oscillation

Swadesh Chand, Vivek Agrawal, Gulab C. Dewangan and P. Thakur reported the detection
of a type C quasi-periodic oscillation (QPO) along with an upper harmonic in two observations
of the low-mass black hole transient H 1743-322 jointly observed by XMM-Newton and NuSTAR



during the 2016 outburst. They found that the QPO and the upper harmonic exhibit shifts in
their centroid frequencies in 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. They also detect the presence of a broad iron K alpha line near 6.5 keV
and a reflection hump in the energy range 15-30 keV. Along with the shape of the power density
spectra, the nature of the characteristic frequencies and the fractional rms amplitude of the timing
features imply that the source stayed in the low/hard state during these observations. Moreover,
the photon index and other spectral parameters also indicate the low/hard state behaviour of the
source. Unlike the soft lag detected in this source during the 2008 and 2014 failed outbursts, the
2016 outburst showed hard time lags of 0.40± 0.15s and 0.32± 0.07s in the 0.07-0.4 Hz frequency
range. The high Comptonized fraction and the weak thermal component indicate that the QPO is
being modulated by the Comptonization process.

Strong Xray excess in gamma-ray blazar OJ 287

Main Pal, Pankaj Kushwaha, Gulab C. Dewangan and Pramod Pawar reported a strong
soft X-ray excess in the gamma-ray blazar OJ 287 during long exposure in 2015 May, among two
of the latest XMM-Newton observations performed in 2015 and 2018 May. In the case of the
2015 May observation, a log parabola model is found to fit the EPIC-pn data well, while a log
parabola plus a power law describes the overall simultaneous optical to X-ray spectra, suggesting
the excess as the synchrotron tail. This interpretation, however, is inconsistent with the observed
spectral break between near-infrared (NIR) and optical spectra, attributed to a standard disk
around a supermassive black hole (SMBH). Based on this, they considered two commonly invoked
accretion-disk-based models in active galactic nuclei (AGNs) to explain the soft excess: the cool
Comptonization component in the accretion disk and the blurred reflection from the partially ionized
accretion disk. They found that both cool Comptonization and blurred reflection models provide
an equally good fit to the data, and favour a super-heavy SMBH of mass ∼ 1010M�. Further
investigation of about a month-long simultaneous X-ray and ultraviolet (UV) pointing observations
revealed a delayed UV emission with respect to the 1.5 10 keV band, favouring X-ray reprocessing
phenomenon as the dominant mechanism. The results suggest that the soft excess is probably
caused by strong light bending close to the SMBH. The detected soft excess in the 2015 data and
its disappearance in the 2018 data is also consistent with the presence of accretion-disk emission,
inferred from the NIR-optical spectral break between 2013 May and 2016 March.

Disruption of massive star

Rupak Roy has been studying mainly the disruption of massive stars at the end of their life-
time, known as Core-collapse Supernovae (CCSNe), disruption of stars through tidal forces of the
Supermassive Black Holes (SMBHs) at the centers of the galaxies, known as Tidal Disruption Events
(TDEs), and disruption of extremely massive stars, known as Superluminous Supernovae (SLSNe),
observational aspects of extremely energetic outflows from AGNs, Radio Galaxies, etc.

The CCSNe events produce a compact remnant (neutron star or stellar-mass black Hole) due
to the collapse of the stellar-core, and its outer material is ejected in the space. Since in the
universe, except Hydrogen, almost all other elements are produced at the centers of the stars, and
get ejected through stellar-eruptions or supernovae, and produce second-generation stars, study of
the supernovae are extremely important to understand this feedback process. This is also important
to study the shock physics of the extreme catastrophes and to know the nature of their progenitors.
Recently, astronomers have also discovered stellar-disruptions, which are 10-100 times luminous
than canonical CCSNe. These are called Superluminous Supernovae (SLSNe), physics of which is
still unknown.

TDEs are the disruptions of stars by the supermassive black holes (SMBHs, mass ∼ 108 M�) at
the centers of the galaxies. These extremely energetic phenomena (liberated energy ∼ 1050 ergs)
exist for several months in the sky and observable mainly in X-ray, UV, and Optical wavebands.
These are also efficient probes to study the SMBHs in the inactive galaxies. They study these



energetic transients by observing them in optical, UV, X-ray, and radio wavebands using ground
and space-based telescopes to study their properties, and also uGMRT to perform low-luminous
radio observations of jetted TDEs. Recently, they have also detected Bowen Fluorescence effect in
TDE.

Modelling the energy dependent temporal behaviour of transient black
hole binaries using AstroSat

Accreting black hole X-ray binaries (BHXBs) in outburst exhibit random short-term variability in
their flux, which may arise due to the perturbations occurring at different radii of the accretion
disk propagating inwards. These perturbations cause variations to mass accretion rate at the
inner regions of accretion disk on different time-scales. The X-ray variability in BHXBs are well
represented by their power density spectra (PDS), which exhibit systematic changes throughout the
course of an outburst with remarkable similarities among themselves, thereby suggesting a common
under lying physical phenomenon. The PDS of most BHXBs are characterized by broadband
continuum noise like features and sometimes narrow peak features called quasi-periodic oscillations
(QPOs). The exact mechanism of origin of QPOs is still an open question, but the origin of
broadband noise could be due to the inward propagation and coupling of perturbations occurring
throughout the accretion disk resulting in flux variations. This scenario best explains the observed
linearity of the rms-flux relationship in galactic black holes, and other type of X-ray sources shows
that the rms-flux relationship of broadband noise is an universal feature of all accreting BHXBs,
independent of their spectral state. Sneha Prakash, Bari Maqbool Bhat, Ranjeev Misra and
others presented the results of the first broadband simultaneous spectral and temporal studies of this
newly detected black hole binary MAXI J1820+070 as seen by SXT and LAXPC on-board AstroSat.
MAXI J1820+070, brightest X-ray source till date, was first detected in the optical on 6th March
2018, by the ASSAS-SN project and later in X-rays on 11th March 2018, by MAXI. Subsequent
multi-wavelength observations of the source categorized it as a galactic black hole transient. The
soft lags between the energy bands 0.11 keV and 110 keV was seen for the first time in a BHXB. The
combined spectra from NuSTAR and SWIFT/XRT revealed the presence of a dominant thermal
Comptonization and weak disk emission along with relativistic reflection fraction. Moreover, the
spectral studies estimated the source inclination angle to be ∼30o and the inner disk radius to be
∼ 4.2 times the radius of the innermost stable circular orbit. The observed combined spectra in the
energy range 0.7-80 keV were well modelled using disk blackbody emission, thermal Comptonization,
and a reflection component. The spectral analysis revealed that the source was in its hard spectral
state (Γ = 1.61) with a cool disk (kTin= 0.22 keV). They reported the energy dependent time-lag
and root mean squared (rms) variability at different frequencies in the energy range 3-80 keV using
LAXPC data.

They also modelled the flux variability using a single zone stochastic propagation model to quan-
tify the observed energy dependence of time-lag and fractional rms variability and then compared
the results with that of Cygnus X-1. Additionally, They also confirmed the detection of a QPO
with the centroid frequency at 47.7 mHz. (See Fig. 14).

Relativistic reflection fraction and photon index in AGN

The primary X-ray emission from Active Galactic Nuclei (AGN) is believed to be produced by
the Comptonisation of the optical/UV photons from the accretion disc by the hot electrons in the
corona. This primary power-law continuum irradiates the accretion disc and the circumnuclear
material producing reflection features in the X-ray spectrum. Thus, the observed X-ray spectrum
of AGN is a combination of the reflection spectrum and the primary power law. Since the reflection
features are dependent on the structure, temperature, chemical composition and ionisation state of
the gas, the reflection spectrum in AGN can give direct information about the physical conditions
in the reflecting medium. Also, the area of the reflector and the location of the X-ray emitting
region can affect the amount of reflection. Furthermore, the reflection features arising from the
inner regions of the disc could be significantly modified by the relativistic effects near the black
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Figure 14: Comparative PDS of MAXI J1820+070 (Black colour) and Cygnus X-1 January (Green colour)
and June (Red colour) 2016 in the 380 keV energy band. PDS of the source is fitted with five Lorentzian
components of which the two narrow peaks represent a QPO at 47.7 mHz and a weak oscillation at 109.4
mHz respectively. PDS of Cygnus X-1 is fitted with 2 and 3 Lorentzian components for January and
June respectively (Left Panel). The right panel shows the time-lag as a function of energy at 1 Hz for
MAXI J1820+070. The time-lags are increasing with the increase in energy and have been fitted using the
fluctuation propagation model.

hole. Hence, a study on the relativistic reflection fraction Rf , defined as the ratio of the coronal
intensity that illuminates the accretion disc to the coronal intensity observed directly, can provide
important information regarding the geometry of the accretion disc and the corona.

Here, Savithri Ezhikode, Gulab C. Dewangan, Ranjeev Misra, and Ninan Sajeeth Philip
investigate the relationship between the relativistic reflection fraction Rf and the hard X-ray photon
index Γ of a NuSTAR sample of Seyfert 1 galaxies. The X-ray spectra are modelled using relxill

code which helps to directly obtain the reflection fraction of a relativistically smeared reflection
component. The parameter Rf depends on the amount of Comptonised X-ray emission intercepted
by the inner accretion disc. The parameter is found to range from ∼0.12(0.13) to ∼3.75(4.85) for
different spin parameters (a = 0(0.998)). They found a strong positive correlation between Γ and
Rf in our sample (See Fig. 15). As the slope of the X-ray power law is related to the rate of cooling
of the plasma, steeper X-ray spectra indicate stronger cooling by the seed photons. The larger the
area covered by the accretion disc as seen from the corona, the higher will be the seed photons
entering the corona resulting in the steepening of the X-ray spectrum. Since the same accretion
disc is responsible for the reflected emission, the larger area covered by the medium consequently
enhances the reflection fraction. Thus, the observed Rf −Γ correlation is most likely related to the
variations in the disc-corona geometry of AGN.

Spectral and timing properties of the galactic X-ray transient Swift
J1658.2-4242 using AstroSat observations

Black hole transients spend most of their lives in quiescence and are primarily discovered when
they enter into outbursts characterized by abrupt changes in their X-ray luminosity by several
orders of magnitudes. Swift J1658.2–4242 is a new Galactic X-ray transient source discovered by
the BAT instrument onboard Swift on 2018 February 16 and extensively studied using different
instruments in optical, radio and X-ray wavelength. Vadakkumthani Jithesh, Bari Maqbool

Bhat and Ranjeev Misra studied the detailed X-ray timing and spectral analysis of Swift J1658.2–
4242 using the LAXPC and SXT instruments onboard AstroSat. They detected prominent C-type
quasi-periodic oscillations (QPOs) of frequencies varying from ∼ 1.5 Hz to ∼ 6.6 Hz along with
distinct 2nd harmonics and sub-harmonics. The QPO detected at ∼ 1.56 Hz drifts to a higher



Figure 15: Relationship between Rf and Γ (for spin 0) for the NuSTAR sample Seyfert 1 galaxies.

centroid frequency of ∼ 1.74 in the course of the observation, while the QPO detected at ∼ 6.6Hz
disappeared during hard flarings. The fractional rms at the QPO and the sub-harmonic frequencies
increases with photon energy, while at the 2nd harmonic frequencies, the rms seems to be constant.
In addition, a soft time lag at QPO and sub-harmonic frequencies is observed up to a time scale
of ∼ 35 ms (see Fig. 16), however, at the 2nd harmonic frequencies, there is weak/zero time lag.
The broadband X-ray spectral modelling in the 0.7–25 keV band using the doubly absorbed disk
plus thermal Comptonization model identified the source to be in the hard intermediate state of
black hole X-ray binaries. Using a single zone fluctuation propagation model, they quantified the
frequency-dependent fractional rms and time lag. The energy-dependent temporal behaviour can
be explained by the variation of the temperature of the corona and the disk with a time lag between
them.

Broadband X-ray spectral study of ultra-luminous X-ray source M81 X–6

Ultraluminous X-ray sources (ULXs) are a class of extragalactic, compact, non-nuclear X-ray
sources with X-ray luminosities in the range of 1039− 1041 erg s−1. Vadakkumthani Jithesh, C.
Anjana and Ranjeev Misra investigated the temporal and broadband X-ray spectral properties
of the ULX M81 X–6 using simultaneous Suzaku and NuSTAR observations. To understand the
nature of the source, they first searched for pulsating signals from the source using the NuSTAR

observation. However, the temporal analysis did not identify any strong pulsating signals from
the source. Alternatively, the broadband spectral modelling with accreting magnetic neutron star
continuum model provides a statistically acceptable fit for the broadband X-ray spectrum, and the
inferred spectral parameters and X-ray colours are consistent with other pulsating ULXs. Thus,
the spectral analysis suggests that M81 X–6 is another candidate ULX pulsar.

A compact X-ray emitting binary and 4FGL J0935.3+0901

4FGL J0935.3+0901 is a γ-ray source detected by the Large Area Telescope (LAT) onboard the
Fermi Gamma-Ray Space Telescope. Vadakkumthani Jithesh and collaborators have conducted
detailed analysis of the LAT data for this source and multi-wavelength studies of the source field.
Its γ-ray emission can be described with a power law (Γ = 2.0 ± 0.2) with an exponential cutoff
(Ec = 2.9 ± 1.6 GeV), while the flux shows significant long-term variations. From analysis of
archival Neil Gehrels Swift X-ray Telescope data, they find only one X-ray source in the LAT’s 2σ
error region. Within a 3.7 arcsec radius error circle of the X-ray source, there is only one optical
object down to r′ ∼23 mag. Time-resolved photometry of the optical object indicates a likely 2.5 hr



Figure 16: Fractional rms (left) and time lag (right) as a function of photon energy from the low intensity
level data of AstroSat observation conducted during March 3 - 4, 2018. The red filled circle and black open
triangle represent the QPO frequency at ∼ 6.60 Hz and the sub-harmonic at ∼ 3.17 Hz, respectively. The
red solid line and black dotted line represent the model fit derived from the fluctuation propagation model
for the QPO and the sub-harmonic, respectively.

periodic modulation, while its spectrum shows double-peaked hydrogen and helium emission lines
(similar to those seen in accretion discs in low-mass X-ray binaries). These properties suggest that
4FGL J0935.3+0901 is a compact X-ray emitting binary belongs to the millisecond pulsar (MSP)
class. Detailed optical spectroscopic analysis indicates that this binary could be a transitional
MSP system at a sub-luminous disc state, although the other possibility, the binary in a rotation-
powered state showing the optical emission lines due to intrabinary interaction processes, can not
be excluded.

Puzzling blue dips in the black hole candidate Swift J1357.2-0933, from
ULTRACAM, SALT, ATCA, Swift, and NuSTAR

A few years ago, a low-mass black hole in our galaxy was discovered to show strange dips in its
optical light. Not corresponding to any stars or planet orbiting it, and appearing to be fairly regular
for such a normally chaotic system, these dips meant that the system itself presented something of
an enigma. Called Swift J1357.2-0933 (or J1357), this has led it to being a subject of much study,
to try and discover the underlying processes.

By observing in optical light (ULTRACAM/NTT, Chile; and SALT, South Africa), X-rays (Swift
and NuSTAR, Low Earth Orbit) and radio (ATCA), John A. Paice, Poshak Gandhi, Ranjeev

Misra and collaborators found that the dips were not only present once again - four years after their
discovery - but J1357 was found to be much bluer during them than outside of them. Additionally,
superimposing many of the dips together, it was also confirmed that there is no dip in the X-rays at
the same time as that in the optical (see Fig. 17). When also considering behaviour of each band
with respect to one another, it was postulated that the black hole could (amongst other features)
host a recessed disc, as well as a red-coloured jet base that is sporadically occulted by outer material.



Figure 17: The top panel shows the superposition of twelve dips in the optical, in three bands - r (red), g
(green) and u (blue). Note that how the blue light dips much less than the red. Also on average, the dips
have a V-shaped profile, reminiscent of partially-eclipsing systems. The bottom panel shows the average
X-ray response - the dashed horizontal lines show the 5-95% significance lines. Further, how the lightcurve
rarely strays out of this region across the optical dip, confirming a lack of X-ray response.

A black hole X-ray binary at ∼ 100 Hz: Multiwavelength timing of MAXI
J1820+070 with HiPERCAM and NICER

In 2018, a new black hole was discovered in our galaxy, briefly flaring to become the brightest X-ray
source in the sky after the Sun. Capitalising on the opportunity, John A. Paice, Poshak Gandhi,
Ranjeev Misra and collaborators studied the source (known as MAXI J1820+070, or J1820) in
both optical (HiPERCAM/GTC, La Palma) and X-ray (NICER, ISS) light at over 300 frames per
second. What they saw was a complex source that emitted red-coloured flares over a broad range
of timescales, down to 10ms long. By looking at how the two wavelengths related to each other,
it was found that while the two bands were mostly anti-correlated (a rise in X-rays would lead to
a decline in optical), there was also a correlated optical lag at roughly 170ms (so an X-ray flare
would lead to an optical flare after that delay).

Such behaviour, it is being found, is fairly normal for black holes - but close analysis of the optical
lag found it differ, increasing with wavelength; so, following an X-ray flare, blue light would flare
before green, and both would flare before red, at a time difference just visible to the telescope (see
Fig. 18). Such a result has never been seen before; the authors have postulated that it could be
the result of waves of plasma colliding within a jet, with higher-energy blue and green light being
emitted closer to the black hole itself, before the lower-energy red light is emitted further away.
If so, this could be the next step in understanding jet physics, and the phenomena around these
enigmatic and violent sources.

Determination of log-normal flux distributions for astrophysical systems

Determining whether the flux distribution of an astrophysical source is a Gaussian or a log-normal,
provides key insight into the nature of its variability. For example, the light curve produced by an
additive sequence of many independent emission components results in a normal distribution of flux.
However, if the underlying physical process produces random emission components in a multiplica-
tive sequence, then resulting time series distribution would be log-normal. Zahir Shah, Ranjeev

Misra and Atreyee Sinha carried extensive simulations of lightcurves with different lengths, vari-



Figure 18: The left panel shows the optical (top) and X-ray (bottom) lightcurves, with intense flaring seen
in every band, with optical activity stronger at longer, red wavelengths. The inset shows a zoom-in of a
single second (∼300 frames), where an optical flare follows one in X-rays by ∼ 170ms. The right panel
shows the correlation function between the optical bands and X-rays - here, a broad anti-correlation at ∼

second timescales, as well as the optical delay of ∼170ms can be seen - this latter feature is apparently
common in black hole binaries, and could relate to a jet.

ability, Gaussian measurement errors and power spectrum index β (i.e., P (f) ∝ f−β), and provided
guidelines for reliable use of skewness and Anderson-Darling (AD) tests. They provided empirical
fits to the standard deviations of the skewness and tabulated critical values for the AD test for β =
0.5 and 1.0, which differ from the values given in literature for white noise. The skewness standard
deviation and critical values can be used to determine significance by which the tests reject that
the distribution is normal. More importantly, they have addressed a conceptually paradoxical issue
regarding non-Gaussian flux distributions. While Gaussian distributions remain Gaussian on addi-
tion (binning), this in general is not true for other distributions such as a log-normal one. Thus, it
is not clear why several astrophysical systems display log-normal distributions when the lightcurves
they are estimated from, are always binned to some time-bin? They resolve this issue by showing
that if the power spectra of the lightcurves can be described by a power law with index β � 0.5,
then the nature of the distribution is invariant to binning. Thus, for a system to be scale free
in time and have a log-normal flux distribution its power spectra must be steeper than 0.5. This
insight may have important consequences for the model development and understanding of systems
with log-normal distributions.

Study of long-term flux and photon index distributions of blazars using
RXTE observations

Blazars are an extreme class of active galactic nuclei (AGN) with powerful relativistic jets of plasma
pointing close to the line of sight of the observer. Rukaiya Khatoon, Zahir Shah, Ranjeev Misra

and Rupjyoti Gogoi carried a detailed study of flux and index distributions of three blazars [one
flat-spectrum radio quasar (FSRQ), and two BL Lacertae objects (BL Lacs)] by using 16 years of
Rossi X-ray Timing Explorer (RXTE) archival data. The blazars were selected such that their flux
and index distributions have sufficient number of data points (≥ 90) with relatively less uncertainty
(σ2

err/σ2 < 0.2). Using the AD test and histogram fitting, they showed that flux distribution of
FSRQ 3C 273 is lognormal, while its photon index distribution is Gaussian. They interpreted
the result interms of linear Gaussian perturbation in the particle acceleration time-scale, which



produces lognormal distribution in flux. However, for two BL Lacs, viz., Mrk 501 and Mrk 421,
AD test shows that their flux distributions are neither Gaussian nor lognormal, and their index
distributions are non-Gaussian. The histogram fitting of Mrk 501 and Mrk 421 suggests that
their flux distributions are more likely to be a bimodal, and their index distributions are double
Gaussian. Since, Gaussian distribution of index produces a lognormal distribution in flux, double
Gaussian distribution of index in Mrk 501 and Mrk 421 indicates that their flux distributions are
probably double lognormal. Observation of double lognormal flux distribution with double Gaussian
distribution in index reaffirms two flux states hypothesis. Further, the difference observed in the
flux distribution of FSRQ (3C 273) and BL Lacs (Mrk 501 and Mrk 421) at X-rays suggests that
the low-energy emitting electrons have a single lognormal flux distribution, while the high-energy
ones have a double lognormal flux distribution.

The long-term X-ray flux distibution of Cygnus X-1 using RXTE-ASM
and MAXI observations

Cygnus X-1 is one of the brightest galactic black hole binary systems in the sky. Generally, the X-
ray emission of Cygnus X-1 falls into one of the two distinct states, viz. “low-Hard” and “high-Soft”.
Kabita Deka, Zahir Shah, Ranjeev Misra and Gazi Ameen Ahmed carried a detailed X-ray flux
distribution study of Cygnus X-1 using the RXTE-ASM and MAXI long-term B and C band light
curves. They characterized the X-ray flux distribution of Cygnus X-1 by constructing the normalized
histograms of B-band and C-band light curves such that each bin in the histogram has equal number
of flux points. Since the long-term X-ray emission of Cygnus X-1 is predominantly in Hard-state
and Soft-state, they fitted the flux histograms of B and C bands simultaneously with the double
probability density function (PDF). The reduced-χ2 obtained from different double PDF shows
that the lognormal+Gaussian PDF provides a better fit to the RXTE B and C band histograms,
while double-lognormal PDF results in better fit to the MAXI B and C-band histograms. Also,
histogram fitting shows that the Hard-state flux distribution in both RXTE and MAXI observations
is lognormal, while the Soft-state has the Gaussian distribution in case of RXTE observation and
lognormal distribution for the MAXI observation. Moreover, they also checked the tri-model fit
of the histograms, as Cygnus X-1 sometimes is also found in the intermediate state. However,
the fitting did not improve upon using three component PDF, suggesting that the intermediatory
spectral class may not correspond to a distinct component of the flux distribution. Moreover, the
histogram fitting together with spectral state definition of Grinberg V., et al., 2013, suggests that
the intermediate state is not a separate state, rather it is a extreme extension of Soft-sate.

Stars, Interstellar Medium and Planetary Studies

Unveiling Vela variability of interstellar lines in the direction of the Vela
supernova remnant

High-resolution optical spectra were obtained by Ranjan Gupta, during the period 2017-2019
using the Southern African Large Telescope (SALT) for 15 stars in the direction (lines of sight) of
the Vela supernova remnant. These observations are on the interstellar CaII H and K and NaI D
lines, and are discussed in details in our recent publication (Rao, et al., MNRAS, 493 497, 2020). In
particular, the line profiles are compared with profiles at a comparable spectral resolution obtained
in the period 1993 - 1996 by Cha and Sembach (2000). Ten of the sight-lines show changes to one
or more of the components in those respective line of sights. Changes include small (1-2 kms−1) in
radial velocity and/or increases/decreases in the equivalent widths over the two decades between
the periods of observation. Changes are more obvious in the Ca K lines than in the NaD lines and
are attributed to gas disturbed by interactions between the supernova ejecta and the surrounding
interstellar medium. A representative time-scale may be 20-50 years. Small-scale variations in
line profiles across the face of the remnant suggest, as previously remarked, that a linear scale for
interactions is a small fraction of the 40 pc size of the present remnant. Figs. 19 and 20 are samples



Figure 19: (Left): The profile of the CaII K line in HD 74194 obtained during 1993 (black line) by Cha
and Sembach is superposed on the profile obtained on 2019 May 17 with the SALT (blue line). (Right):
Profile of NaI D2 line in HD 74194 obtained in 1996 by Cha and Sembach (black line) shown superposed
on the profile of NaI D2 line observed on 2019 May 17 with the SALT (red line). The red arrows indicate
the changes to the components between Cha and Sembachs and SALT observations

of line profile changes which are seen along the sight-lines of HD74194 and HD72350.

Compact stars and the nuclear equation of state

Neutron stars are among the densest objects in the Universe. Under the extreme densities present
in their core, strangeness-carrying particles (such as hyperons, kaons or deconfined quark matter)
could appear. The presence of such “exotic” matter could influence neutron star phenomena, and
their understanding is crucial for the correct interpretation of astrophysical observables. Multi-
messenger observations (gravitational wave, multi-wavelength electromagnetic) from mergers of
neutron stars provide us with information rich in physics under such extreme conditions. The
stability of the merger remnant depends crucially on the underlying nuclear equation of state (EoS)
and thus, provides a method to probe the nature of dense matter. Since the detection of GWs
from the NS binary merger event GW170817, the fate of the binary remnant remains a mystery.
As no evidence of a remnant has yet been found from post-merger searches by the LIGO-VIRGO
collaboration, one may study different possibilities theoretically. One likely outcome of the merger
is a metastable differentially rotating hot hypermassive neutron star. As the stability (dynamical
and secular) and time of subsequent collapse of the remnant depend on its interior composition, it
opens the possibility to constrain the dense matter EoS from its stability analysis.

In a recent publication, Debarati Chatterjee and her collaborators Sarmistha Banik and Kr-
ishna Prakash Nunna, searched for possible signatures of strangeness in the neutron star interior
on the secular stability of the merger remnant. They calculated the onset of secular instability for
different realistic (phenomenological) EoSs with and without strangeness using the Turning Point
criterion, and investigated the maximum mass that may be supported by differential rotation and
thermal effects. They found that inclusion of thermal effects reduced the maximum mass of the
differentially rotating configurations. This is interesting as the hypermassive remnant is conjectured
to be hot, and hence, thermal effects cannot be neglected. This was the first realistic study of the
secular stability of neutron star merger remnants that used consistent hot and cold EoSs of dense
matter. Using realistic EoSs including hyperonic and kaonic degrees of freedom, they also found
that the maximum supported mass obtained depends both on the EoS and the degree of differential
rotation.

They further investigated the effect of strangeness on the collapse time of the merger remnant.
They considered the scenario in which the hypermassive NS merger remnant rapidly loses angular



Figure 20: (Left): The profiles of CaII in HD 72350 obtained during 1996 (black line) by Cha and Sembach
are superposed with the profile obtained on 2018 February 3 with the SALT (blue line). (Right): Profile
of NaI D2 in HD 72350 obtained by Cha and Sembach (black line) is shown superposed on the profile of
NaI D2 observed on 2018 February 3 with the SALT (red line). Note the strengthening of the +39 kms−1

component in both CaII and NaI

momentum due to loss of energy by GW emission and collapses to a black hole before the Alfven
timescale, i.e., before the differential rotation is damped by magnetic dissipation. This scenario is
currently favoured by the combined multi-messenger astrophysical observations. They estimated
the collapse time and threshold mass for prompt collapse for the EoSs with and without strangeness,
using recently proposed fit formulas obtained using observations of short gamma ray bursts and
hydrodynamical simulations.

Solar Astrophysics

Doppler shift and its centre-to-limb variation in active regions in the tran-
sition region

This work is based on combined observations of the Interface Region Imaging Spectrograph (IRIS)
and the Atmospheric Imaging Assembly (AIA) and the Helioseismic and Magnetic Imager (HMI),
both on-board the Solar Dynamic Observatory (SDO). It is aimed at understanding the role of
Doppler motions in transferring mass and energy in an active region in the lower transition region
of the solar atmosphere. This incorporates a detailed study of the role of line-of-sight (LOS)
magnetic fields in this dynamic coupling, with observations of the same bipolar active region 12641
as it moved across the disk from east to west. (See Fig.21).

Using the LoS magnetic field observations from HMI and Siiv 1394 Angstrom line emission
recorded by IRIS, Durgesh Tripathi and collaborators infer that the two opposite polarity strong
field regions, separated by a narrow weak field corridor, are predominantly redshifted to 5-10 km/s.
On the contrary, the weak field corridor has redshifts ranging between 3-9 km/s. Both velocity
estimates depend on the disk position. However, a common feature for all disk positions is a narrow
lane within the corridor region with near-zero velocities. Therefore, the Doppler velocities in the
corridor has two components- a low velocity component centered near 0 km/s and a comparatively
higher velocity component at around 10 km/s. This component and the velocities in the strong fields
show a small CLV within an error margin of ±0.23-2.00 km/s. Moreover, these are independent
of the systematic errors (0.87 km/s) incurred in the measurements. To explain the observations,
we suggest that the emission in the lower transition region comes from “Type II spicules”. They,
further, invoke the idea of a “chromospheric wall”, associated with classical cold spicules, so as to
explain the small CLVs of flows.



Figure 21: Top panel: AIA 1600 Angstrom channel image in the background on March 3, 2017 showing
AR 12641. The over-plotted white boxes show the IRIS raster FoV between February (’F’) 28 to March
(’M’) 9, 2017. Middle and bottom panels: Zoomed-in views of the IRIS raster FoV between March 1 and 8
as observed by AIA 1600 Angstrom channel.

Formation of sunspots and space weather

Two important goals of solar physics are to understand the solar dynamo mechanism that is respon-
sible for the cyclic global magnetic activity of the Sun, and to be able to make an early prediction of
energetic events, such as coronal mass ejections and solar flares, which have direct impact on terres-
trial life. These phenomena are powered by magnetic fields generated within the Sun. The sunspot
formation mechanism is the missing part of the overall distributed turbulent dynamo paradigm of
the solar magnetism, as in most studies the sunspot-like magnetic concentrations do not form in
a self-consistent manner. This is remedied to some extent in the ongoing numerical work by Nis-

hant Singh and his collaborators as they now have the first hints of spot-like structures appearing
spontaneously on the surface.

















































































































































































RESEARCH BY VISITING
ASSOCIATES

Sheelu Abraham

Application of convolutional neural networks for

stellar spectral classification

Due to the ever-expanding volume of observed
spectroscopic data from surveys such as SDSS and
LAMOST, it has become important to apply artifi-
cial intelligence (AI) techniques for analysing stel-
lar spectra to solve spectral classification and re-
gression problems like the determination of stellar
atmospheric parameters Teff , logg, and [Fe/H]. We
propose an automated approach for the classifica-
tion of stellar spectra in the optical region using
Convolutional Neural Networks. Traditional ma-
chine learning (ML) methods with “shallow” archi-
tecture (usually up to 2 hidden layers) have been
trained for these purposes in the past. However,
deep learning methods with a larger number of
hidden layers allow the use of finer details in the
spectrum which results in improved accuracy and
better generalisation. Studying finer spectral sig-
natures also enables us to determine accurate dif-
ferential stellar parameters and find rare objects.
We examine various machine and deep learning al-
gorithms like Artificial Neural Networks (ANN),
Random Forest (RF), and Convolutional Neural
Network (CNN) to classify stellar spectra using
the Jacoby Atlas, ELODIE and MILES spectral
libraries as training samples. We test the perfor-
mance of the trained networks on the Indo-U.S.
Library of Coudé Feed Stellar Spectra (CFLIB).
We show that using convolutional neural networks,
we are able to lower the error up to 1.23 spectral
sub-classes as compared to that of 2 sub-classes
achieved in the past studies with ML approach.
We further apply the trained model to classify stel-
lar spectra retrieved from the SDSS database with
SNR>20. This work has been done in collaboration
with Kaushal Sharma, Ajit Kembhavi, Anirudha
Kembhavi, T. Sivarani and Kaustubh Vaghmare.

Detecting outliers in SDSS using convolutional

neural network

We propose an automated algorithm based on Con-
volutional Neural Network (CNN) for the detection
of peculiar objects in large databases using their
spectral observations. A convolutional neural net-
work is a class of deep-learning algorithms which al-

lows the detection of significant features/patterns
in sequential data like images, audio, time-series
etc. by applying convolutional neurons (kernels)
along the sequence. For detecting unusual spec-
tra, we use eight-layer deep convolutional network
with autoencoder architecture on ∼ 60,000 spec-
tra collected from the Sloan Digital Sky Survey.
The training of the network is done in an unsuper-
vised manner. We show that the trained network
is able to retrieve the spectra of rare objects from
a large collection of spectra. Such algorithms can
easily be rescaled to other surveys and therefore
can serve as a potential component of the data re-
duction pipelines for automatically detecting spec-
tra with unusual features and recovering defective
spectra. This work has been done in collaboration
with Kaushal Sharma, Ajit Kembhavi, Anirudha
Kembhavi, T. Sivarani

Dharam Vir Ahluwalia

Elko under spatial rotation

Under a rotation by an angle ϑ, both the right- and
left- handed, Weyl spinors pick up a phase factor
exp(±iϑ/2). The upper sign holds for the posi-
tive helicity spinors, while the lower sign for the
negative helicity spinors. For ϑ2π radians this pro-
duces the famous minus sign. However, the four-
component spinors are built from a direct sum of
the indicated two-component spinors. The effect
of the rotation by θ = 2π radians on the eigen-
spinors of the parity - that is, the Dirac spinors
– is the same as on Weyl spinors. It is because
for these spinors the right- and left- transforming
components have the same helicity and the rota-
tion induced phases, being same, factor out. But
for the eigenspinors of the charge conjugation op-
erator, i.e., Elko, the left- and right- transform-
ing components have opposite helicities, and there-
fore, they pick up opposite phases. As a conse-
quence, the behaviour of the eigenspinors of the
charge conjugation operator (Elko) is more subtle:
for 0 < ϑ < 2π, a self conjugate spinor becomes a
linear combination of the self and antiself conjugate
spinors with θ dependent superposition coefficients
- and yet the rotation preserves the self/antiself
conjugacy of these spinors! This apparently para-
doxical situation is fully resolved. This new effect,
to the best of our knowledge, has never been re-
ported before. The purpose of this communication
is to present this result and to correct an interpre-



tational error of a previous version. This work has
been done in collaboration with Sweta Sarmah.

Magnetic field creation by solar mass neutrino jets

Parity violation and its effects for neutrinos in as-
trophysical contexts have been considered earlier in
pioneering papers of Hawking and Vilenkin. But
because even the largest magnetic moments pre-
dicted by physics beyond the Standard Model are
some twelve orders of magnitude smaller than the
Bohr magneton, their implications for magnetic
field generation and neutrino oscillations are gen-
erally considered insignificant. Here, we show that
since in astrophysical scenarios a huge number of
neutrinos may be emitted, the smallness of the
magnetic moment, when coupled with parity viola-
tion, is compensated by the sheer number of neu-
trinos. The merger of neutron stars would leave be-
hind a short pulse of electromagnetic synchrotron
radiation even if the neutrino jet in the merger
points away from the neutrino detectors. We show
that the magnetic field can be as large as 106 Gauss
and comment on the possibility of direct detection.
Observation of such a pulse would lend strong sup-
port for neutrino magnetic moments and resolve
the missing neutrino problem in neutron star merg-
ers. This work has been done in collaboration with
Cheng-Yang Lee.

G. Ambika

Classification of close binary stars using recurrence

networks.

In close binary stars, the component stars are close
enough such that they can exchange mass and/or
energy. They are subdivided into semi-detached,
overcontact or ellipsoidal binary stars. A challeng-
ing problem in the context of close binary stars
is their classification into these subclasses, based
solely on their light curves. Conventionally, this
is done by observing subtle features in the light
curves like the depths of adjacent minima, which
is tedious when dealing with large datasets. In
this work, we suggest the use of machine learn-
ing algorithms applied to measures of recurrence
networks and nonlinear time series analysis to dif-
ferentiate between classes of close binary stars. We
show that overcontact binary stars occupy a region
different from semi-detached and ellipsoidal binary
stars in a plane of characteristic path length (CPL)
and average clustering coefficient (CC), computed

from their recurrence networks. We use standard
clustering algorithms and report that the clusters
formed correspond to the standard classes with a
high degree of accuracy. This work has been in
collabration with Sandip V. George, and Ranjeev
Misra.

Synapse loss and progress of Alzheimer’s disease -

A network model.

We present observational evidence from studies on
primary cortical cultures from AD transgenic mice,
APPSwe/PS1ΔE9 (APP/PS1) mice, for significant
decrease in total spine density at DIV-15 and on-
ward. This indicates reduction in potential healthy
synapses and strength of connections among neu-
rons. Based on this, a network model of neu-
rons is developed, that explains the consequent
loss of coordinated activity and transmission ef-
ficiency among neurons that manifests over time.
The critical time when structural connectivity in
the brain undergoes a phase-transition, from ini-
tial robustness to irreparable breakdown, is esti-
mated from this model. We also show how the
global efficiency of signal transmission in the net-
work decreases over time. Moreover, the num-
ber of multiple paths of high efficiency decreases
rapidly as the disease progresses, indicating loss
of structural plasticity and inefficiency in choos-
ing alternate paths or desired paths for any pat-
tern of activity. Thus, loss of spines caused by β
-Amyloid (Aβ) peptide results in disintegration of
the neuronal network over time with consequent
cognitive dysfunctions in Alzheimers Disease (AD).
This work has been done in collaboration with G.
Srikanth Kashyap, Deepti Bapat, D. Das, Ruturaj
Gowaikar, Ravindra E. Amritkar, et al.

Arunima Banerjee

The specific angular momenta of superthin galax-

ies: Cue to their origin?

Superthin galaxies are low surface brightness (LSB)
bulgeless disc galaxies having stellar discs with un-
usually high planar-to-vertical axes ratio b/a > 10
- 20, the formation and evolution of which is not
well-understood. We calculate the specific angu-
lar momenta of a sample of six superthins and
nine other bulgeless LSBs using stellar photome-
try, atomic hydrogen (HI) surface density and high
resolution HI rotation curves available in the lit-
erature. We find that the stellar specific angu-



lar mometum js, and hence, the stellar disc size
given by the exponential stellar disc scale length
RD, of three superthins and seven LSBs lie above
the 95.4 % confidence band of the js - Vrot regres-
sion line for ordinary bulgeless disc galaxies, Vrot

being the asymptotic rotational velocity. Further,
we find that superthins and LSBs have higher js
and RD values for a given value of stellar mass Ms

at high values of statistical significance, compared
to ordinary disc galaxies. Therefore, we conclude,
a superthin may be distinguished by a characteris-
tically larger disc size, which could possibly explain
the origin of its large planar-to-vertical axes ratio.
Interestingly, we find that the median spin parame-
ter is 0.13 ± 0.01 for superthin galaxies, which is an
order of magnitude higher than those of LSBs and
ordinary disc galaxies, which may have important
implications for the existence of superthin stellar
discs in these low surface brightness galaxies. This
work has been done in collaboration with Vikas
Jadhav Y.

Sarmistha Banik

Properties of massive rotating protoneutron stars

with hyperons: Evolution and universality

In this work, we study the properties and struc-
ture of a massive and rapidly rotating protoneu-
tron star (PNS) with hyperon content. We follow
several stages of quasi-stationary evolution in an
approximate way at four discrete steps. We use a
density-dependent (DD) relativistic mean field the-
ory (RMF) model and calculate different quantities
such as mass, equatorial radius, moment of inertia,
and quadrupole moment to get different rotating
configurations upto the mass-shedding limit. We
study the effect of the appearance of Λ, the lightest
of all hyperons, on each of the evolutionary stages
of the PNS. We also check its sensitivity to the in-
clusion of φ vector meson as a mediator of Λ − Λ
interaction in detail. Finally, we investigate the
universal relations between moment of inertia and
compactness in the context of a hot and young com-
pact object. This work has been done in collabo-
ration with Smruti S. Lenka, and Prasanta Char.

Signatures of strangeness in neutron star merger

remnants

Neutron star (NS) mergers provide us with infor-
mation rich in physics using multi-messenger as-
trophysical observations. One of the probable rem-

nants of such a merger is a differentially rotating
hot hypermassive neutron star. The stability of the
merger remnant depends crucially on the under-
lying Equation of State (EoS) and thus, provides
a method to probe the nature of dense matter in
NSs. In this work, we search for possible signatures
of strangeness containing matter in the NS inte-
rior on the secular stability of the merger remnant.
We also use recently proposed methods to make
a rough estimate the collapse time of the merger
remnant and the threshold mass above which the
merger promptly collapses to a black hole. This
work has been done in collaboration with Krishna
Prakash Nunna, and Debarati Chatterjee.

Aru Beri

The black hole X-ray transient Swift J1357.2-0933

as seen with Swift and NuSTAR during its 2017

outburst

One of our recent works involves a multi-
wavelength approach to study an enigmatic X-ray
binary, Swift J1357.2-0933. This work was also
part of the SmartNet, which is the Simultane-
ous Multiwavelength Astronomy Research in Tran-
sients Network, which involves group of researchers
all accross the globe. Multiwavelength observations
are vital to understand the comprehensive picture
of an X-ray binary. We report on observations of
black hole Swift J1357.2-0933, a member of the
modest population of very faint X-ray transients.
This source has previously shown intense dips in
the optical lightcurve, a phenomena that has been
linked to the existence of aunique toroidal structure
in the inner region of the disc, seen at a high incli-
nation. Our observations, carried out by the Neil
Gehrels Swift and NuSTAR X-ray observatories, do
not show the presence of intense dips in the optical
light curves. We find that the X-ray light curves
do not show any features that would straightfor-
wardly support an edge-on configuration or high
inclination configuration of the orbit. This is sim-
ilar to what was seen in the X-ray observations of
the source during its 2011 outburst. Moreover, the
broadband spectra were well described with an ab-
sorbed power-law model without any signatures of
cut-off at energies above 10 keV, or any reflection
from the disc or the putative torus. Thus, the X-
ray data do not support the unique obscuring torus
scenario proposed for J1357. We also performed
a multi-wavelength study using the data of X-ray



telescope and Ultraviolet/Optical Telescope aboard
Swift, taken during the 4.5 months duration of the
2017 outburst. This is consistent with what was
previously inferred for this source. We found a cor-
relation between the simultaneous X-ray and ul-
traviolet/optical data and our study suggests that
most of the reprocessed flux must be coming out in
the ultraviolet. This work has been done in collabo-
ration with Bailey E. Tetarenko, Arash Bahramian,
Diego Altamirano, Poshak Gandhi, et al.

A broadband look of the accreting millisecond X-

ray pulsar SAX J1748.9-2021 using AstroSat and

XMM-Newton

X-ray pulsars exhibit strict periodic variations in
X-ray intensity. In some neutron stars (NS), X-ray
pulsations of the order of millisecond have been
detected (see e.g., Chakrabarty & Morgan 1998).
They belong to peculiar type of X-ray pulsars
called accretion powered millisecond X-ray pulsars
(AMXPs). The short spin periods are caused by
long-lasting mass transfer from a low-mass com-
panion star through an accretion disc onto a ro-
tating neutron star. AMXPs are perceived by
the scientific community as astrophysical labora-
tories that could be essential to our understand-
ing of thermonuclear burst processes. So far, only
22 such AMXPs have been detected. We have
analyzed and studied one of these sources SAX
J1748.9-2021 using 200 kiloseconds (ks) long ob-
servation made with Indias first multi-wavelength
satellite AstroSat, and 60 ks long observation
made with XMM-Newton launched by Europeon
Space Agency (ESA). SAX J1748.9-2021 is a tran-
sient AMXP, located in the globular cluster NGC
6440. We report on the spectral and timing anal-
ysis of SAX J1748.9-2021 performed on AstroSat
data taken during its faint and short outburst of
2017. We derived the best-fitting orbital solution
for the 2017 outburst and obtained an average lo-
cal spin frequency of 442.361098(3) Hz. The pulse
profile obtained from 3-7 keV and 7-20 keV energy
bands suggest constant fractional amplitude 0.5%
for fundamental component, contrary to previously
observed energy pulse profile dependence. The As-
troSat observations revealed the source to be in a
hard spectral state. The 1-50 keV spectrum from
SXT and LAXPC on-board AstroSat can be well
described with a single temperature blackbody and
thermal Comptonization. Moreover, we found that
the combined spectra from XMM-Newton (EPIC-

PN) and AstroSat (SXT+LAXPC) indicated the
presence of reflection features in the form of iron
(Fe Kα) line that we modelled with the reflection
model xillvercp. One of the two X-ray bursts ob-
served during the AstroSat/LAXPC observation
showed hard X-ray emission (> 30 keV) due to
Compton up-scattering of thermal photons by the
hot corona. Time resolved analysis performed on
the bursts revealed complex evolution in emission
radius of blackbody for second burst suggestive of
mild photospheric radius expansion. This work has
been done in collaboration with Rahul Sharma, An-
drea Sanna, and Anjan Dutta.

Piyali Bhar

Compact star in Tolman-Kuchowicz spacetime in

the background of Einstein-Gauss-Bonnet gravity

The present work is devoted to the study of
anisotropic compact matter distributions within
the framework of five-dimensional Einstein-Gauss-
Bonnet gravity. To solve the field equations, we
have considered that the inner geometry is de-
scribed by Tolman-Kuchowicz spacetime. The
Gauss-Bonnet Lagrangian, LGB is coupled to the
Einstein-Hilbert action through a coupling con-
stant, namely α. When this coupling tends to
zero, general relativity results are recovered. We
analyze the effect of this parameter on the prin-
cipal salient features of the model, such as en-
ergy density, radial and tangential pressure and
anisotropy factor. These effects are contrasted with
the corresponding general relativity results. Be-
sides, we have checked the incidence on an im-
portant mechanism: equilibrium by means of a
generalized Tolman-Oppenheimer-Volkoff equation
and stability through relativistic adiabatic index
and Abreus criterion. Additionally, the behaviour
of the subliminal sound speeds of the pressure
waves in the principal directions of the configu-
ration and the conduct of the energy-momentum
tensor throughout the star are analyzed employ-
ing the causality condition and energy conditions,
respectively. All these subjects are illuminated by
means of physical, mathematical and graphical sur-
veys. The M-I and the M-R graphs imply that the
stiffness of the equation of state increases with α;
however, it is less stiff than GR.This work has been
done in collaboration with Ksh. Newton Singh, and
Francisco Tello-Ortiz.



Charged compact star model in Einstein-Maxwell-

Gauss-Bonnet gravity

In this work, we present a model of a static charged
anisotropic fluid sphere in the Einstein-Maxwell-
Gauss-Bonnet (EMGB) theory of gravitation. We
utilize the Krori-Barua (KB) ansatz together with
a linear equation of state of the form pr = βρ−γ to
generate exact solutions of the EMGB field equa-
tions describing compact objects. The model ob-
tained here is found to satisfy the elementary phys-
ical requirements necessary for a physically realiz-
able stellar object. We demonstrate that contribu-
tions from the Gauss-Bonnet terms have a non-zero
impact on the density, pressure and anisotropy pro-
files. The vanishing of the electromagnetic field at
the centre of the stellar configuration leads to a
relation between the equation of state parameter
and the Gauss-Bonnet term. Our model reveals a
direct connection between the nature of the matter
configuration and higher dimensional effects. This
work has been done in collaboration with Megan
Govender.

Naseer Iqbal Bhat

Thermodynamics and phase transitions in galaxy

clustering

The phenomenon of galaxy clustering has been
studied from the perspective of the gravitational
phase transition, which is somewhat different from
a phase transition in material science. There is ev-
idence that the phase transition describing galaxy
clustering in an expanding universe is a first or-
der phase transition exhibiting a mixed phase. As
such, the Clausius Clapeyron equation is relevant
for studying such a system. In this work, we de-
rive a general analogue of the Clausius Clapeyron
equation that applies not only towards the coexis-
tence curve in pressure-temperature space, but to
a more general parameter space. The key finding
is that a cusp exists at the critical point in this
mixed phase when viewed in this more general pa-
rameter space. We extend this formalism to derive
an equation for the curvature of the phase coex-
istence curve in pressure-temperature space and a
more general parameter space. We also verify pre-
vious findings of hysteresis in the system via an
independent free energy analysis. This work has
been done in collaboration with Nasser Demir.

Ritabrata Biswas

Search for missing links between two extreme wind

speed profiles: Dark energy accretion and adiabatic

fluid accretion

In recent past, the progresses in accretion studies
onto relativistically gravitating central objects like
a Schwarzschild singularity reveal that the accre-
tion flow must be transonic. For such cases, the
radial inward speed gradient can be written as a
numerator by denominator form, among which the
later vanishes somewhere in between infinite dis-
tance from the attracter to the event horizon of the
same. For sustainability of a physical solution, the
numerator should vanish at the same radial dis-
tance where denominator does vanish. From this
point, we obtain a second degree first order differ-
ential equation of radial inward speed and hence,
we obtain two branches of flow, namely accretion
and wind. For adiabatic accretion case, the wind
curve is formed to be more or less parallel to the
radial distance axis as we move far from the cen-
tral object. For dark energy accretion, this curve
is parallel to the radial velocity axis. Here we face
a question: Why there is no fluid speed profiles
in between these two extremities? While searching
the reasons, we follow that dark energy, if treated
as an accreting object, should stay around the cen-
tral compact star and hence, will contaminate the
metric which propertises the compact star. In this
research work, we have proposed a model with a ro-
tating black hole embedded in quintessence, where
quintessence equation of state and spin parame-
ters of the black hole are regulatory factors of the
model. The resulting accretion and wind curves
are studied. The effect of negative pressure of dark
energy is found to get catalyzed by the entry of the
spin of the black hole. We tally our results with
observations of accretion or outflow phenomenon
near to different quasars. This work has been done
in collaboration with Parthajit Roy.

Threshold drop in accretion density if dark energy

is accreting onto a supermassive black hole

Recent studies of galactic cores tell us that super-
massive black holes are hosted at each of these
cores. We got some evidences even. Besides,
dark energy is expected to be distributed all over
in our universe. Dark matter halo, on the other
hand, could be found around the galactic regions.
Though the natures of spans of them are not clearly



measured, galactic structures are supposed to be
formed out of dark matter clustering. Some ex-
amples of supermassive black holes in the central
regions of high redshift galaxies say that the con-
cerned supermassive black holes have completed
their constructions in a time less than it gener-
ally should be. To justify such discrepancies, we
are forced to model about existences of black hole
mimickers and exotic phenomena acting near the
supermassive black holes. Motivated by these, we
study the natures of exotic matters, especially dark
energy near the black holes. We choose modified
Chaplygin gas as dark energy candidate. Again,
the descriptions of gravitational waves or the atten-
uations of them when they are tunnelling through
cosmological distances help us to measure the shear
viscosity of the medium through which the waves
have been travelled. Delayed decaying models of
dark matters also suggest that dark energy and vis-
cosity may come up as a byproduct of such decays
or interactions. We consider the viscous nature of
the medium, i.e., the dark energy. To do so, we
choose an alpha-disc model as proposed by Shakura
and Sunyaev. We study the variations of densities
through accretion and wind branches for a differ-
ent amount of viscosity regulated by the Shakura-
Sunyaev alpha parameter, spin parameter and dif-
ferent properties of accreting fluids, viz, the proper-
ties of adiabatic fluid and modified Chaplygin gas.
We compare these results with each other and some
existing density profiles drawn from observational
data-based simulations. We follow that the result
supports the data observed till date. Specifically,
we see the wind to get stronger for dark energy
as accreting agent. Besides, we see the accretion
to have a threshold drop if the viscosity is chosen
along with the repulsive effects of dark energy. This
work has been done in collaboration with Sandip
Dutta.

Subenoy Chakraborty

Quantum cosmology for non-minimally coupled

scalar field in FLRW spacetime : A symmetry anal-

ysis

The present work deals with quantum cosmology
for non-minimally coupled scalar field in the back-
ground of FLRW spacetime model. The Wheeler-
DeWitt equation is constructed and symmetry
analysis is carried out. The Lie point symmetries
are related to the conformal algebra of the min-

isuperspace while solution of the Wheeler-DeWitt
equation is obtained using conserved currents of the
Noether symmetries. This work has been done in
collaboration with Sourav Dutta, and Muthusamy
Lakshmanan.

Homogeneous and isotropic spacetime, modified

torsion field and complete cosmic scenario

This work deals with cosmological solutions de-
scribing different phases of the Universe for the
homogeneous and isotropic FLRW model with tor-
sion. Normally, torsion field is not suitable for max-
imally symmetric spacetime model. However, one
may use a specific profile of vectorial torsion field,
derived from a scalar function. By proper choices of
the torsion scalar function, it is shown that a con-
tinuous cosmic evolution starting from the emer-
gent scenario to the present late time acceleration
is possible. Also thermodynamics of the system is
analyzed and equivalence with Einstein gravity is
discussed. This work has been done in collabora-
tion with Akash Bose.

Nand Kumar Chakradhari

Optical and UV studies of type Ia supernovae SN

2009ig and SN 2012cg

We present an extensive optical-ultraviolet pho-
tometry, and analysis of a series of optical spectra
of type Ia supernovae SN 2009ig and SN 2012cg.
The observations range from −15 to +185 d for
SN 2009ig and −14 to 316 d for SN 2012cg, with
respect to maximum light in B band. Both SN
2009ig, and SN 2012cg exhibit similar proper-
ties. They have similar decline rate parameter
(Δm15(B)true = 0.92 ± 0.04 for SN 2009ig and 0.93
± 0.06 for SN 2012cg) and B band peak absolute
magnitude (−19.45 ± 0.40 mag for SN 2009ig and
−19.50 ± 0.31 mag for SN 2012cg). Their early
spectra show high velocity features in Si ii and Ca ii

lines. The strong Fe iii, Si iii and weak Si ii λ5972
line during pre-maximum phase are indicative of
hot photosphere. The post-maximum velocity evo-
lution shows a plateau like phase with velocities ∼
13,000 km s−1 for SN 2009ig and ∼10,000 km s−1

for SN 2012cg. Both events show spectral evolution
similar to normal SNe Ia and fall in LVG and Core
Normal subgroup. Both have smaller strength ra-
tio (R(Si ii) = 0.17 for SN 2009ig, and 0.20 for SN
2012cg) consistent with smaller Δm15(B). Peak
bolometric luminosities (log Lmax

bol ) of these events



are estimated as 43.17 ± 0.16 erg s−1, and 43.24 ±
0.11 erg s−1 suggesting that 0.60 ± 0.20 M� of 56Ni
was synthesized in the explosion of SN 2009ig, and
0.72 ± 0.31 M� in SN 2012cg. This work was car-
ried out in collaboration with Devendra K. Sahu,
and G. C. Anupama.

Ground-based photometric survey to search for the

pulsational variability in Bp, Ap, and Am stars

We present the analysis of time-series of photo-
electric data of a Bp star and four new Ap stars
observed photoelectrically under the Nainital-Cape
survey programme. The project was started about
two decades ago, aiming to search for new rapidly
oscillating Ap stars. The frequency analysis of
the time-series of these stars obtained on multiple
nights did not reveal any pulsational variability. In
addition to this, we have performed the analysis
of time-series differential CCD photometry of the
two pulsating Am stars HD 13038 and HD 13079,
where we find some evidence of new periods. To
expand and strengthen the ongoing survey work,
we propose to build-up a tri-national collaboration
of astronomers from India, South Africa and Bel-
gium. This work was carried out in collaboration
with Daniel Nhlapo, Santosh Joshi, Bruno Letarte,
and Sanjeev Kumar Tiwari.

Ramesh Chandra

How rotating solar atmospheric jets become Kelvin-

Helmholtz unstable ?

The Kelvin-Helmholtz instability (KHI) is a ubiq-
uitous phenomenon across the Universe. Over the
past two decades, several space missions have en-
abled our understanding of this phenomenon at the
Sun’s atmosphere. Key results obtained by Hinode
and Atmospheric Imaging Assembly on board the
Solar Dynamics Observatory allowed us to get use-
ful data concerning the physical parameters of var-
ious solar jets and the characteristics of detected
waves and instabilities in those structures. The ro-
tating solar jets are among the most spectacular
events in our Sun. They support the propagation of
a number of magnetohydrodynamic (MHD) modes
which, under some conditions, can become unstable
and the developing instability is of the KH kind. In
its non-linear stage, the KHI can trigger the occur-
rence of wave turbulence, which is considered as
one of the basic mechanisms of the coronal heat-
ing. The modelling of tornado-like phenomena in

solar chromosphere and corona as moving weakly
twisted and spinning cylindrical flux tubes shows
that the KHI rises at the excitation of high-mode
MHD waves. The instability occurs within a wave
number range/window whose width depends on the
MHD mode number m, the plasma density contrast
between the rotating jet and its environment, as
well as on the twists of the internal magnetic field
and jet’s velocity. We have studied KHI instability
in a twisted solar polar coronal hole jet, in a twisted
rotating jet emerging from a filament eruption, and
in a rotating macrospicule. It has been established
that good agreement between the theoretically cal-
culated KHI developing times of a few minutes at
wavelengths comparable to the half-widths of the
jets, and those growth times detected from obser-
vations can be achieved at the excitation of high
(9 ≤ m ≤ 52) MHD modes only. This work has
been done in collaboration with Ivan Zhelyazkov,
and Reetika Joshi.

Kinematics and energetics of the EUV waves on 11

April, 2013

In this study, we present the observations of
extreme-ultraviolet (EUV) waves associated with
an M6.5 flare on 11 April 2013. The event was ob-
served by Solar Dynamics Observatory (SDO) in
different EUV channels. The flare was also associ-
ated with a halo CME and type II radio bursts.
We observed both fast and slow components of
the EUV wave. The speed of the fast component,
which is identified as a fast-mode MHD wave, varies
in the range from 600 to 640 km/s, whereas the
speed of the slow-component is ≈ 140 km/s. We
observed the unusual phenomenon that, as the fast-
component EUV wave passes through two succes-
sive magnetic quasi-separatrix layers (QSLs), two
stationary wave fronts are formed locally. We pro-
pose that part of the outward-propagating fast-
mode EUV wave is converted into slow-mode mag-
netohydrodynamic waves, which are trapped in lo-
cal magnetic field structures, forming successive
stationary fronts. Along the other direction, the
fast-component EUV wave also creates oscillations
in a coronal loop lying ≈ 225 Mm away from the
flare site. We have computed the energy of the
EUV wave to be of the order of 1020 J. This work
was done in collaboration with Aarti Fulara, Peng
Fei Chen, Ivan Zhelyazkov, Abhishek K. Srivastva,
and W. Uddin.



Suresh Chandra

H2SiO IRASERs in a warm region in interstellar

medium

Out of the silicon bearing molecules, found in cos-
mic objects, the H2SiO is one of them. Considering
that kinetic temperature in some molecular regions
is found up to 300 K, for each of the ortho and
para H2SiO, we have extended our investigation to
200 rotational levels having energy up to 540 cm−1.
Performing LVG calculations, we have found 5 or-
tho and 4 para transitions having frequencies in
THz, and radiative life-time of upper level more
than 10 times larger than that of the lower level.
These transitions, may be called IRASERs (Infra-
Red Amplification by Stimulated Emission of Ra-
diation), having emission feature and may play im-
portant role in identification of H2SiO in a warm
region in the interstellar medium. This work has
been done in collaboration with Mohit K. Sharma,
and Monika Sharma.

Electron cyclotron waves in plasma in magneto-

sphere of a planet having perpendicular DC electric

field

Scientists have always been interested in the study
of electron cyclotron waves in plasma in magneto-
sphere of a planet. Series of papers are published,
where AC electric field is taken perpendicular to
magnetic field in the magnetosphere. Some scien-
tists have claimed to consider DC electric field, but
they are found not to have any electric field. We
have discussed propagation of electron cyclotron
waves when constant electric field is perpendicu-
lar to magnetic field in megnetosphere of a planet.
Using bi-Maxwellian distribution function, we have
found that for the known value of electron cyclotron
frequency ωc, the real oscillation frequency ωr de-
pends only on the temperature anisotropy. We
have also found that the growth rate γ increases
continuously with the increase of the wavevector k.
It is interesting to note that the dispersion relation
used in series of papers is erroneous, and it has been
taken as universal relation. This studey has been
done in collaboration with Mohit K. Sharma.

Ayan Chatterjee

Effective quantum theory of black hole horizons

We develop an effective quantum theory of black
hole horizons using only the local horizon geome-

try. On the covariant phase space of the Holst ac-
tion admitting Weak Isolated Horizon as an inner
boundary, we construct Hamiltonian charges cor-
responding to Lorentz symmetries. We show that
horizon area is the Hamiltonian charge correspond-
ing to Lorentz boosts as well as that for Lorentz ro-
tation, which acts on 2-sphere cross-sections of the
horizon. Using this expression of area as a genera-
tor of Lorentz rotation, and the fact that quantum
states residing on the horizon cross-sections carry a
representation of ISO(2), we derive the spectrum
of area operator on the horizon. The eigenstates
of this area operator are shown to be labelled by
integers or half integers. The entropy is obtained
completely in terms of these area quanta residing
on the horizon, and is shown to have exponentially
suppressing corrections to the area law. The for-
malism is also extended to non-minimally coupled
scalar fields, where the area operator gets modi-
fied due to the value of the scalar field on the hori-
zon. This work has been done in collaboration with
Amit Ghosh.

Marginally trapped surfaces in spherical gravita-

tional collapse

This work deals with a detailed study of gravita-
tional collapse of dust and viscous fluids under the
assumptions of spherical symmetry. Our main goal
is to closely analyze the horizons which arise dur-
ing this gravitational phenomenon. To this end, we
examine the formation and evolution of trapped
surfaces in these spacetimes, with special atten-
tion to trapped regions and cylinders foliated by
marginally trapped surfaces. The time evolution
of trapped surfaces, collapsing shell as well as the
event horizon are identified analytically as well as
numerically. Using different density profiles of mat-
ter, we analyze, how the nature of the marginally
trapped surfaces modify as we change the energy
momentum tensor. These studies reveal that de-
pending on the mass function and the mass profile,
it is possible to envisage situations where dynam-
ical horizons, timelike tubes or isolated horizons
may arise. This work has been done in collabora-
tion with Amit Ghosh, and Suresh Jaryal.

Ritaban Chatterjee

The accretion disk-jet connection in blazars

The power spectral density (PSD) of the X-ray
emission variability from the accretion disk-corona



region of black hole X-ray binaries and active galac-
tic nuclei has a broken power-law shape with a char-
acteristic break timescale TB. If the disk and the
jet are connected, the jet variability may also con-
tain a characteristic timescale related to that of the
disk-corona. Recent observations of the blazar Mrk
421 have confirmed the broken power-law shape of
the PSD of its jet X-ray variability. We model
the time variability of a blazar, in which emitting
particles are assumed to be accelerated by suc-
cessive shock waves flowing down the jet with a
varying inter-shock timescale (TIS). We investi-
gate the possible relation between the characteris-
tic timescales in the disk and jet variability based
on the above model, along with mathematically
and physically simulated disk variability. We find
that both the PSD of the jet and disk variability
may have a broken power-law shape but the break
timescales are not related in general except only
in systems with a small range of BH mass. The
break in the jet and disk PSD are connected to
the interval between large amplitude outbursts in
the jet (TIS) and to the viscous timescale in the
disk, respectively. In frequency bands where mul-
tiple emission processes are involved or emission is
from lower energy particles, the break in the PSD
may not be prominent enough for detection. This
study has been done in collaboration with Sagnick
Mukherjee, and Kaustav Mitra.

Physical inference from the γ-ray, X-ray and op-

tical time variability of a large sample of Fermi

blazars

We present cross-correlation studies of γ-ray (0.1-
300 GeV), X-ray (0.2-10 keV) and optical (R-band)
variability of a sample of 16 blazars during 2008-
2016. The light curves are from the Fermi-LAT,
Swift-XRT, and Yale-SMARTS blazar monitoring
programme. We stack the discrete cross-correlation
functions of the blazars such that the features that
are consistently present in a large fraction of the
sample become more prominent in the final result.
We repeat the same analysis for two subgroups,
namely, low synchrotron peaked (LSP) and high
synchrotron peaked (HSP) blazars. We find that
on average the variability at multiple bands is cor-
related with a time lag consistent with zero in both
subgroups. We describe this correlation with a lep-
tonic model of non-thermal emission from blazar
jets. By comparing the model results with that
from the actual data, we find that the inter-band

cross-correlations are consistent with an emission
region of size ∼ 0.1 pc within the broad line region
for LSP blazars. We rule out large changes of mag-
netic field (> 0.5 Gauss) across the emission region
or small values of magnetic field (∼ 0.2 Gauss) for
this population. We also find that the observed
variability of the HSP blazars can be explained if
the emission region is much larger than the distance
to the broad line region from the central black hole.
This study has been done in collaboration with An-
wesh Majumdar, Kaustav Mitra, C. M. Urry, C. D.
Bailyn, and Prantic Nandi.

Suchetana Chatterjee, and Nishikanta

Khandai

Cosmological simulation of galaxy groups and clus-

ters. I. Global effect of feedback from active galactic

nuclei

In this study, we quantify the properties of the
gas and dark matter around active galactic nu-
clei (AGN) in simulated galaxy groups and clus-
ters and analyze the effect of AGN feedback on the
surrounding intra-cluster (group) medium. Our re-
sults suggest downsizing of AGN luminosity with
host halo mass, supporting the results obtained
from clustering studies of AGN. By examining the
temperature and density distribution of the gas in
the vicinity of AGN, we show that due to feedback
from the central engine, the gas gets displaced from
the centre of the group/cluster resulting in a reduc-
tion of the density but an enhancement of temper-
ature. We show that these effects are pronounced
at both high and low redshifts and propose new ob-
servables to study the effect of feedback in higher
redshift galaxies. We also show that the average
stellar mass is decreased in halos in the presence
of AGN feedback confirming claims from previous
studies. Our work for the first time uses a fully
cosmological-hydrodynamic simulation to evaluate
the global effects of AGN feedback on their host
dark matter halos as well as galaxies at scales of
galaxy groups and clusters. This work has been
done in collaboration with Rudrani Kar Chowd-
hury, Anto Lonappan, and Tiziana Di Matteo .



Surajit Chattopadhyay

Cosmology of a generalized version of holographic

dark energy in presence of bulk viscosity and its

inflationary dynamics through slow roll parameters

In this work done jointly with Gargee Chakraborty,
we aimed at reconstructing ρΛ through H in
non-interacting and interacting scenario and holo-
graphic background evolution. The bulk viscous
pressure has been taken as Π = −3Hξ, where
ξ = ξ0 + ξ1H + ξ2(Ḣ + H2). In the reconstruc-
tion scheme reported here, firstly we choose vis-
cous scenario neglecting the contribution of dark
matter and without any choice of scale-factor. A
dark energy (DE) model with higher order deriva-
tive of Hubble parameter, which is a particular
case of Nojiri-Odintsov holographic DE, that uni-
fies phantom inflation with the acceleration of the
universe on late-time. The reconstruction has been
carried out in the presence of bulk-viscosity, where
the bulk-viscous pressure has been taken as a func-
tion of Hubble parameter. Ranges of cosmic time
t have been derived for quintessence, cosmological
constant and phantom behaviour of the equation
of state (EoS) parameter. In the viscous scenario,
the reconstruction has been carried out in an inter-
acting and non-interacting situations and in both
the cases, stability against small perturbations has
been observed. Finally, the slow roll parameters
have been studied and a scope of exit from infla-
tion, has been observed. Also, availability of quasi-
exponential expansion has been demonstrated for
interacting viscous scenario and a study through
tensor to scalar ratio has ensured consistency of
the model with the observational bound by Planck.
Along with primordial fluctuations, the interacting
scenario has been found to generate strong dissipa-
tive regime.

A study of the bulk viscous pressure in scalar fields

and holographic ricci dark energy considered in the

modified gravity framework

This work is rigorous study of the reconstruction
of the modified gravity in the framework of the
scalar field models of dark energy and holographic
Ricci dark energy, a generalized version of the holo-
graphic dark energy presented in S. Nojiri and S. D.
Odintsov [Gen. Rel. Grav. 38, 1285 (2006)]. The
tachyon and quintessence scalar fields have been
considered and the cosmology associated with the
presence of bulk viscosity has been studied. In the

first part of the study, we have demonstrated the
behaviuor of the bulk viscosity coefficient in the
framework of the reconstructed tachyon scalar field
model of dark energy. The scale factor is chosen in
the form a(t) = a0t

β , where β > 0. Two scalar field
models, namely, tachyon and quintessence have
been considered in the framework of the modi-
fied field equations through incorporation of the
bulk viscous pressure. The reconstructed density
and pressure of the scalar field models have been
explored for the cosmological consequences in the
presence of bulk viscosity. The behaviour of the
effective equation of state parameters has been in-
vestigated. Finally, we have reconstructed f(T )
gravity in the presence of holographic Ricci dark
energy and a transition of the effective equation
of state parameter from quintessence to phantom
has been observed. This work has been carried out
in collaboration with Sthiti Chakrabarti, and Irina
Radinchi.

Bhag Chand Chauhan

Investigating the sterile neutrino parameters with

QLC in 3 + 1 scenario

In the scenario with four generation quarks and
leptons and using a 3 + 1 neutrino model having
one sterile and the three standard active neutri-
nos with a 4 × 4 unitary transformation matrix,
UPMNS4

, we perform a model-based analysis us-
ing the latest global data and determine bounds
on the sterile neutrino parameters, i.e., the neu-
trino mixing angles. Motivated by our previous
results, where in a quark-lepton complementarity
(QLC) model, we predicted the values of θPMNS

13 =
(9+1
−2)

◦ and θPMNS
23 = (40.60+0.1

−0.3)
◦. In the QLC

model, the non-trivial correlation between CKM4

and PMNS4 mixing matrix is given by the cor-
relation matrix Vc4

. Monte Carlo simulations are
performed to estimate the texture of Vc4

followed
by the calculation of PMNS4 using the equation,
UPMNS4

= (UCKM4
.ψ4)

−1.Vc4
, where ψ4 is a di-

agonal phase matrix. The sterile neutrino mixing
angles, θPMNS

14 , θPMNS
24 and θPMNS

34 are assumed
to be freely varying between (0 − π/4), and ob-
tained results which are consistent with the data
available from various experiments, like NoνA, MI-
NOS, SuperK, Ice Cube-DeepCore. In further in-
vestigation, we analytically obtain approximately
similar ranges for various neutrino mixing param-
eters | Uμ4 |2 and | Uτ4 |2. This work has been



carried out in collaboration with Gazal Sharma.

Investigating sterile neutrino flux in the solar neu-

trino data

There are compelling evidences for the existence of
a fourth degree of freedom of neutrinos, i.e., sterile
neutrino. In the recent studies, the role of ster-
ile component of neutrinos has been found to be
crucial, not only in particle physics, but also in as-
trophysics and cosmology. This has been proposed
to be one of the potential candidates of dark mat-
ter. In this work, we investigate the updated solar
neutrino data available from all the relevant ex-
periments including Borexino and KamLAND so-
lar phase in a model independent way, and obtain
bounds on the sterile neutrino component present
in the solar neutrino flux. The mystery of the miss-
ing neutrinos is further deepening as subsequent
experiments are coming up with their results. The
energy spectrum of solar neutrinos, as predicted by
Standard Solar Models (SSM), is seen by neutrino
experiments at different parts as they are sensitive
to various neutrino energy ranges. It is interesting
to note that more than 98% of the calculated stan-
dard model solar neutrino flux lies below 1 MeV.
Therefore, the study of low energy neutrinos can
give us better understanding and the possibility to
know about the presence of antineutrino and ster-
ile neutrino components in solar neutrino flux. As
such, this work becomes interesting as we include
the data from medium energy (∼1 MeV) experi-
ments, i.e., Borexino and KamLAND solar phase.
In our study, we retrieve the bounds existing in lit-
erature, and rather provide more stringent limits
on sterile neutrino (νs) flux available in solar neu-
trino data. This work has been carried out in col-
laboration with Ankush, Rishu Verma, and Gazal
Sharma.

Himadri Sekhar Das

Bok Globule CB17: Polarization, extinction and

distance

In this work, the results obtained from the polari-
metric study of a Bok Globule CB17 in both optical
and sub-millimeter wavelength are presented. The
optical polarimetric observations in R-band (λ =
630 nm, Δλ = 120 nm) were conducted from 1.04-
meter Sampurnanand Telescope, ARIES, Nainital,
India on 9th March 2016, while the sub-mm po-
larimetric data are taken from the SCUPOL data

archive which has been reanalyzed. The contours
of Herschel is an ESA space observatory with sci-
ence instruments provided by European-led Princi-
pal Investigator consortia and with important par-
ticipation from NASA. SPIRE 500μm dust con-
tinuum emissions of CB17 (typically a cometary-
shaped globule) are overlaid on the DSS image
of CB17 along with polarization vectors (optical
and sub-mm). The magnetic field strength at the
core of the globule is estimated to be 99μG. Using
the near-infrared photometric technique and Gaia

data, the distance to CB17 is found to be 253± 43
parsec. A correlation between the various quan-
tities of the globule is also studied. It is observed
that the magnetic field in the cloud core as revealed
by polarization measurements at the sub-mm dust
emission is found to be almost aligned along the
minor axis of the globule, which fits the magnet-
ically regulated star formation model. The mis-
alignment between core-scale magnetic field direc-
tion and molecular outflow direction is also found.
This work has been done in collaboration with G.
B. Choudhury, Ajoy Barman, and Biman J. Medhi
.

Photometry, spectroscopy, and polarimetry of dis-

tant comet C/2014 A4 (SONEAR)

We present an analysis of spectroscopy, photome-
try, and polarimetry of comet C/2014 A4 (SON-
EAR), which were performed during November 5-
7, 2015, when its heliocentric distance was 4.2 au
and phase angle was 4.7◦. Long-slit spectra and
photometric and linear polarimetric images were
obtained using the focal reducer SCORPIO-2 at-
tached to the prime focus of the 6m telescope BTA
(SAO RAS, Russia). We simulated the behavi-
uor of colour and polarization in the coma pre-
senting the cometary dust as a set of polydisperse
polyshapes rough spheroids. No emission features
were detected in the 3800–7200Å wavelength range.
The continuum showed a reddening effect with the
normalized gradient of reflectivity 21.6 ± 0.2% per
1000Å within the 4650–6200Å wavelength region.
The fan-like structure in the sunward hemisphere
was detected. The radial profiles of surface bright-
ness differ for r-sdss and g-sdss filters, indicating a
predominance of sub-micron and micron-sized par-
ticles in the cometary coma. The dust colour (g–r)
varies from 0.75± 0.05m to 0.45± 0.06m along the
tail. For an aperture radius near 20,000 km, the
dust productions in various filters were estimated



as Afρ = 680 ± 18 cm (r-sdss) and 887 ± 16 cm
(g-sdss). The polarization map shows spatial varia-
tions in polarization over the coma from about –3%
near the nucleus to –8% at a cometocentric distance
of about 150,000 km. Our simulations show that
the dust particles are dominated (or covered) by
ice and tholin-like organics. Spatial changes in the
colour and polarization can be explained by particle
fragmentation. This work has been done in collab-
oration with Oleksandra Ivanova, Igor Lukyanyk,
Ludmilla Kolokolova. Marek Husarik, Vera Rosen-
bush, et al.

Sudipta Das

Dynamical system analysis for steep potentials

In this work, we have performed the dynamical
system analysis for steep(er) exponential potentials
considering different values of the steepness index
n. We have performed the analysis using centre
manifold theory as well as by employing numerical
method. We have shown that in most of the cases,
the higher values of steepness index corresponds to
an unstable solution. We have shown that with
this steep(er) potentials, one cannot have a phase
transition from dark matter to dark energy in the
past. This work has been done in collaboration
with Manisha Banerjee, and Namdam Roy.

Abhirup Datta

Detailed study of the ELAIS N1 field with the

uGMRT - I. Characterizing the 325 MHz fore-

ground for redshifted 21 cm observations

In this work, we present initial results of
newly upgraded Giant Metrewave Radio Telescope
(uGMRT) observation of European Large-Area
ISO Survey-North 1 (ELAISN1) at 325 MHz with
32 MHz bandwidth. Precise measurement of fluc-
tuations in galactic and extragalactic foreground
emission as a function of frequency as well as angu-
lar scale is necessary for detecting redshifted 21 cm
signal of neutral hydrogen from cosmic dawn, epoch
of reionization (EoR) and post-reionization. Here,
for the first time, we have statistically quantified
the galactic and extragalactic foreground sources
in the ELAIS-N1 field in the form of angular power
spectrum using the newly developed tapered grid-
ded estimator (TGE). We have calibrated the data
with and without direction-dependent calibration
techniques, and demonstrated the effectiveness of

TGE against the direction-dependent effects by us-
ing higher tapering of field of view (FoV). We have
found that diffuse galactic synchrotron emission
(DGSE) dominates the sky, after point source sub-
traction, across the angular multipole range 1115
� � � 5083 and 1565 � � � 4754 for direction-
dependent and -independent calibrated visibilities,
respectively. The statistical fluctuations in DGSE
has been quantified as a power law of the form
C� = A�−β . The best-fitting values of (A, β) are
(62±6mK2, 2.55±0.3) and (48±4mK2, 2.28±0.4)
for the two different calibration approaches. For
both the cases, the power-law index is consistent
with the previous measurements of DGSE in other
parts of sky. This work has been done in collabo-
ration with Arnab Chakraborty, Samir Choudhuri,
Nirupam Roy, Huib Intema, Madhurima Choud-
hury, et al.

Extracting the 21 cm global signal using articial

neural networks

The study of the cosmic dark ages, cosmic dawn,
and epoch of reionization (EoR) using the all-sky
averaged redshifted HI 21 cm signal, are some of the
key science goals of most of the ongoing or upcom-
ing experiments, for example, EDGES, SARAS,
and the SKA. This signal can be detected by av-
eraging over the entire sky, using a single radio
telescope, in the form of a global signal as a func-
tion of only redshifted HI 21 cm frequencies. One
of the major challenges faced while detecting this
signal is the dominating, bright foreground. The
success of such detection lies in the accuracy of
the foreground removal. The presence of instru-
mental gain fluctuations, chromatic primary beam,
radio frequency interference (RFI), and the Earths
ionosphere corrupts any observation of radio signals
from the Earth. Here, we propose the use of arti-
ficial neural networks (ANNs) to extract the faint
redshifted 21 cm global signal buried in a sea of
bright galactic foregrounds and contaminated by
different instrumental models. The most striking
advantage of using ANNs is the fact that, when
the corrupted signal is fed into a trained network,
we can simultaneously extract the signal as well as
foreground parameters very accurately. Our results
show that ANNs can detect the global signal with �

92 per cent accuracy even in cases of mock observa-
tions, where the instrument has some residual time-
varying gain across the spectrum. This study has
been done in collaboration with Madurima Choud-



hury, and Arnab Chakrabory.

Ujjal Debnath

Charge gravastars in f(T ) modified gravity

We have studied the four dimensional spherically
symmetric stellar system in the framework of mod-
ified f(T ) gravity theory with electro-magnetic
field. The field equations have been written for two
cases, either T ′ = 0 or fTT = 0. Next, we have dis-
cussed the charged gravastar model which has three
regions: interior, shell and exterior. In the interior
region, we have found the solutions of all physical
quantities like density, pressure, electro-magnetic
field and also the metric coefficients for both the
cases. For T ′ = 0, gravastar cannot form but it
forms only for the case fTT = 0. In the exterior re-
gion, we have obtained the exterior solution for vac-
uum model. In the shell region, we have assumed
that the interior and exterior regions join together
at a place, so the intermediate region must be thin
shell with the approximation h(≡ e−b) � 1. Under
this approximation, we have found the analytical
solutions. The proper length of the thin shell, en-
tropy and energy content inside the thin shell have
been found and they are directly proportional to
the proper thickness of the shell ε under the approx-
imation (ε � 1). According to the Darmois-Israel
formalism, we have studied the matching between
the surfaces of interior and exterior regions of the
gravastar. The energy density, pressure, equation
of state parameter on the surface and mass of the
thin shell have been obtained.

Parametrizations of dark energy models in the back-

ground of general non-canonical scalar field in D-

dimensional fractal universe

We have explored non-canonical scalar field model
in the background of non-flat D-dimensional frac-
tal universe on the condition that the matter and
scalar field are separately conserved. The poten-
tial V , scalar field φ, function f , densities, Hub-
ble parameter and deceleration parameter can be
expressed in terms of the redshift z, and these de-
pend on the equation of state parameter wφ. We
have also investigated the cosmological analysis of
four kinds of well known parametrization models.
Graphically, we have analyzed the nature of poten-
tial, scalar field, function f , densities, the Hubble
parameter and deceleration parameter. As a result,
the best fitted values of the unknown parameters

(w0, w1) of the parametrization models due to the
joint data analysis (SNIa+BAO+CMB+Hubble)
have been found. Furthermore, the minimum val-
ues of χ2 function have been obtained. Also we
have plotted the graphs for different confidence lev-
els 66%, 90% and 99% contours for (w0, w1) by
fixing the other parameters. This work has been
done in collaboration with Kazuharu Bamba.

Shantanu Desai

Robust model comparison tests of DAMA/LIBRA

annual modulation

We evaluate the statistical significance of the
DAMA/LIBRA claims for annual modulation using
three independent model comparison techniques,
viz frequentist, information theory, and Bayesian
analysis. We fit the data from the DAMA/LIBRA
experiment to both cosine and a constant model,
and carry out model comparison by choosing the
constant model as the null hypothesis. For the fre-
quentist test, we invoke Wilk’s theorem and cal-
culate the significance using Δχ2 between the two
models. For information theoretical tests, we calcu-
late the difference in Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC)
between the two models. We also compare the
two models in a Bayesian context by calculating
the Bayes factor. We also search for higher har-
monics in the DAMA/LIBRA data using general-
ized Lomb-Scargle periodogram. We finally test the
sensitivity of these model comparison techniques in
discriminating between pure noise and a cosine sig-
nal using synthetic data. This is the first proof of
principles application of AIC, BIC as well as Bayes
factor to the DAMA data. This evaluation has
been done in collaboration with Aditi Krishak, and
Aisha Dantulurib.

Looking for ancillary signals around GW150914

We replicated the procedure of Liu and Jackson
who had found evidence for a low amplitude signal
in the vicinity of GW150914. This was based upon
the large correlation between the time integral of
the Pearson cross-correlation coefficient in the off-
source region of GW150914, and the Pearson cross-
correlation in a narrow window around GW150914,
for the same time lag between the two LIGO de-
tectors as the gravitational wave signal. Our re-
sults mostly agree with those of Liu and Jackson
We find the statistical significance of the observed



cross-correlation to be about 2.5σ. We also used
the cross-correlation method to search for short
duration signals at all other physical values of the
time lag, within this 4,096 second time interval, but
do not find evidence for any statistically significant
events in the off-source region. This work Has been
done in Collaboration with Rahul Maroju, Sristi
Ram Dyuthi, and Anumandla Sukrutha.

Shanti Priya Devarapalli

Comprehensive study of a neglected contact binary

TYC 5532-1333-1

A comprehensive photometric and spectroscopic
analysis of the variable TYC5532-1333-1 (TYC)
along with an investigation of its orbital period
variation are presented for the first time. The
B and V band photometric study indicates that
TYC is an intermediate contact binary with de-
gree of contact and mass ratio of 32% and ∼0.24,
respectively. The derived equivalent widths from
the spectroscopic study of Hα and Na-I lines re-
veal phase dependent variation and mutual corre-
lation. Using the available times of minimum light,
an investigation of orbital period variation shows a
long-term decrease at a rate of 3.98×10−6 days/yr.
Expected causes for such decline in the orbital pe-
riod could be angular momentum loss and a quasi-
sinusoidal variation due to light-time effect, proba-
bly caused by a third-body companion. The mini-
mum mass of the third body (M3) was derived to
be 0.65 M� . Our study is an attempt to evaluate
and understand the evolutionary state of above-
mentioned neglected contact binary. This analy-
sis has been done in collaboration with Rukmini
Jagirdar, Rajendra M. Prasad, Vinoy S. Thomas,
Shehab A. Ahmed, R. Gralapally, et al.

Broja Gopal Dutta

Evidence of outflow-induced soft lags of galactic

black holes

The nature of lag variation of galactic black holes
remains enigmatic mostly because of non-linear and
non-local physical mechanisms, which contribute to
the lag of the photons coming from the region close
to the central black holes. One of the widely ac-
cepted major sources of the hard lag is the inverse
Comptonization mechanism. However, the exact
reason, for soft lags has yet to be identified. In this

work, we report a possible correlation between ra-
dio intensities of several outbursting galactic black
hole candidates and amounts of soft lag. The cor-
relation suggests that the presence of major out-
flows or jets changes the disk morphology along
the line of sight of the observer which produces
soft lags. This work has been done in collaboration
with Dusmanta Patra, Arka Chatterjee, Sandip K.
Chakrabarti, and Prantik Nandi.

Discovery of jet-induced soft lags of XTE J1550-

564 during its 1998 outburst

X-ray time lags are complicated in nature. The
exact reasons for complex lag spectra are as yet
unknown. However, the hard lags, in general, are
believed to be originated due to inverse Comp-
tonization process. Recent studies on “Disk-Jet
Connections” revealed that the jets are also con-
tributing in the X-ray spectral and timing prop-
erties in a magnitude, which was more than what
was predicted earlier. In this work , we first show
an exact anti-correlation between X-ray time lag
and radio flux for XTE J1550-546 during its 1998
outburst. We propose that the soft lags might be
generated due to the change in the accretion disk
structure along the line of sight during higher jet
activity. This work has been done in collaboration
with Arka Chaterjee, Dusmanta Patra, Sandip K.
Chakrabarti, and Prantik Nandi.

Jibitesh Dutta

Linear growth index of matter perturbations in

Rastall gravity

Rastall gravity theory shows notable features con-
sistent with physical observations in comparison
to the standard Einstein theory. Recently, there
has been a debate about the equivalence of Rastall
gravity and general relativity. Motivated by this
open issue, we attempt to shed some light on this
debate by analyzing the evolution of the Rastall
based cosmological model at the background as well
as perturbation level. Employing the dynamical
system techniques, we found that at late times,
the dynamics of the model resembles the ΛCDM
model at the background level irrespective of the
choice of Rastall’s parameter. However, at the per-
turbation level, we found that the evolution of the
growth index heavily depends on the Rastall’s pa-
rameter and displays a significant deviation from



the ΛCDM model. This work has been done in
collaboration with Wompherdeiki Khyllep

Thermodynamics of scalar field models with kinetic

corrections

In this work, we compare the thermodynamical vi-
ability of two types of non-canonical scalar field
models, with kinetic corrections: the square kinetic
and square root kinetic corrections. In modern
cosmology, the generalized second law of thermo-
dynamics (GSLT) plays an important role in de-
ciding thermodynamical compliance of a model as
one cannot consider a model to be viable if it fails
to respect GSLT. Hence, for comparing thermody-
namical viability, we examine the validity of GSLT
for these two models. For this purpose, by em-
ploying the unified first law (UFL), we calculate
the total entropy of these two models in appar-
ent and event horizons. The validity of GSLT is
then examined from the autonomous systems, as
the original expressions of total entropy are very
complicated. Although, at the background level,
both models give interesting cosmological dynam-
ics, however, thermodynamically we found that the
square kinetic correction is more realistic as com-
pared to the square root kinetic correction. More
precisely, the GSLT holds for the square kinetic cor-
rection throughout the evolutionary history except
only during the radiation epoch, where the scalar
field may not represent a true description of the
matter content. On the other hand, the square root
kinetic model fails to satisfy the GSLT in major
cosmological eras. This work has been done in col-
laboration with Binod Chetry, and Wompherdeiki
Khyllep.

Sunandan Gangopadhyay

Cosmology of Bianchi type-I metric using renor-

malization group approach for quantum gravity

We study the anisotropic Bianchi type-I cosmolog-
ical model at late times, taking into account quan-
tum gravitational corrections in the formalism of
the exact renormalization group flow of the effec-
tive average action for gravity. The cosmological
evolution equations are derived by including the
scale dependence of Newton’s constant G and cos-
mological constant Λ. We have considered the solu-
tions of the flow equations for G at next to leading
order in the infrared cutoff scale. Using these scale
dependent G in Einstein equations for the Bianchi-I

model, we obtain the scale factors in different direc-
tions. It is shown that the scale factors eventually
evolve into FLRW universe for known matter like
radiation. However, for dust and stiff matter, we
find that the universe need not evolve to the FLRW
cosmology in general, but can also show Kasner
type behaviour. This work has been done in col-
laboration with Rituparna Mandal, and Amitabha
Lahiri.

Holographic entanglement entropy and generalized

entanglement temperature

In this work, we study the flow of holographic en-
tanglement entropy in dimensions d ≥ 3 in the
gauge/gravity duality setup. We observe that a
generalized entanglement temperature Tg can be
defined, which gives the Hawking temperature TH

in the infrared region and leads to a generalized
thermodynamics like law, E =

(
d−1

d

)
TgSREE ,

which becomes an exact relation in the entire re-
gion of the subsystem size l, including both the
infrared (l → ∞) as well as the ultraviolet (l → 0)
regions. Furthermore, in the IR limit, Tg produces
the Hawking temperature TH along with some cor-
rection terms, which bears the signature of short
distance correlations along the entangling surface.
Moreover, for d ≥ 3, the IR limit of the renormal-
ized holographic entanglement entropy gives the
thermal entropy of the black hole as the leading
term; however it does not have a logarithmic cor-
rection to the leading term unlike the Ban̈ados,
Teitelboim, Zanelli (BTZ) black hole (d = 2).
The generalized entanglement temperature Tg also
firmly captures the quantum mechanical to thermal
crossover in the dual field theory at a critical value
lc of the subsystem size in the boundary, which we
graphically represent for AdS3+1 and AdS4+1 black
holes. We observe that this critical value lc where
the crossover takes place decreases with increase
in the dimension of the spacetime. This work has
been done in collaboration with Ashis Saha and
Jyoti Prasad Saha.

Suman Ghosh

Particle creation by a massless spin-1
2 field in a

warped cosmological braneworld scenario

Energy momentum tensor of a quantised massless
bulk spin- 1

2 field in five dimensional warped cosmo-
logical 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 that helps us to com-
pare our results with the known four dimensional
case. Renormalisation of the components of the en-
ergy momentum tensor is achieved using adiabatic
regularization method. We compute the leading
order finite contribution to the stress-energy ten-
sor which is of adiabatic order six. The resulting
energy and pressure densities explicitly show the
effects of the so-called warping factor and the dy-
namic 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

Shadow cast and deflection of light by charged ro-

tating regular black holes

We discuss the horizon properties, shadow cast,
and the weak gravitational lensing of charged ro-
tating regular black holes, in addition to mass (M)
and rotation parameter (a) have an electric charge
(Q) and magnetic charge (g). The considered are
the generalization of the Kerr (Q = g = 0) and
Kerr-Newman (g = 0) black holes. Interestingly,
for a given parameter set, the apparent size of the
shadow monotonically decreases and the shadow
gets more distorted with increasing charge parame-
ter Q. We put constraints on the black hole param-
eters with the aid of recent M87* shadow observa-
tion. The conserved quantities associated with the
rotating regular black holes are calculated, and also
a brief description of the weak gravitational lensing
using the Gauss-Bonnet theorem is presented. In-
terestingly, the deflection angle decreases with the
charge of the black hole. Our results vis-à-vis go
over to the Kerr and Kerr-Newman black holes in
the appropriate limits. This work has been done
in collaboration with Rahul Kumar, and Anzhong
Wang.

Black hole parameter estimation from its shadow

The Event Horizon Telescope (EHT), a global sub-
millimeter wavelength very long baseline interfer-
ometry array, unveiled event-horizon-scale images
of the supermassive black hole M87* as an asym-
metric bright emission ring with a diameter of
42 ± 3 μas, and it is consistent with the shadow
of a Kerr black hole of general relativity. A Kerr

black hole is also a solution of some alternative the-
ories of gravity, while several modified theories of
gravity admit non-Kerr black holes. While ear-
lier estimates for the M87* black hole mass, de-
pending on the method used, fall in the range
≈ 3×109M�−7×109M�, the EHT data indicated a
mass for the M87* black hole of (6.5±0.7)×109M�.
This offers another promising tool to estimate black
hole parameters and to probe theories of gravity
in its most extreme region near the event hori-
zon. The important question arises: Is it possi-
ble by a simple technique to estimate black hole
parameters from its shadow, for arbitrary mod-
els? In this work, we present observables, ex-
pressed in terms of ordinary integrals, character-
izing a haphazard shadow shape to estimate the
parameters associated with black holes, and then il-
lustrate its relevance to four different models: Kerr,
Kerr−Newman, and two rotating regular models.
Our method is robust, accurate, and consistent
with the results obtained from existing formalism,
and it is applicable to more general shadow shapes
that may not be circular due to noisy data. This
work has been done in collaboration with Rahul
Kumar

Rupjyoti Gogoi

Formation of disc galaxies around Z ∼ 2

We present combined evolution of morphological
and stellar properties of galaxies on the two sides
of z = 2 (2.0 < z < 4.0 and 1.5 < z < 2.0) in CDFS,
with ground-based spectroscopic redshifts. We per-
form bulge-disc decomposition on their images in J
and H filters, from the 3DHST Legacy Survey ob-
tained using HST/WFC3. Combining morphologi-
cal information with stellar properties, we provide
a detailed account of the formation/growth of discs
and spheroids around z ∼ 2. The fraction of two-
component (bulge+disc) systems increases from 46
per cent for z > 2 to 70 per cent for z < 2, compen-
sating for the fall in population of pure discs and
pure spheroids. All quiescent outliers of our full
sample on the main sequence are two-component
systems, belonging to the lower redshift range (z <
2). The doubling of stellar mass of two-component
systems and decrease in their SFR by the same fac-
tor, suggests that mechanisms involved in morpho-
logical transformations are also responsible for the
quenching of their star formation activity. Interest-
ingly, while there is substantial increase in the size



(2.5 times) and mass (5 times) of pure discs, from
z > 2 to z < 2, pure spheroids maintain roughly
the same values. Additionally, while bulge host-
ing discs witness an expansion in scale length (1.3
times), their bulge sizes as well as bulge to total
light ratio see no evolution, suggesting that z ∼ 2
is pre-dominantly a disc formation period. This
work has been done in collaboration with Sonali
Sachdeva,Kanak Saha, Ajit Kembhavi,and Somak
Raychaudhury.

Unravelling the unusually curved X-ray spectrum of

RGB J0710+591 using AstroSat observations

We report the analysis of simultaneous multi-
wavelength data of the high energy peaked blazar
RGB J0710+591 from the LAXPC, SXT and UVIT
instruments on-board AstroSat. The wide band X-
ray spectrum (0.35 - 30 keV) is modelled as syn-
chrotron emission from a non-thermal distribution
of high energy electrons. The spectrum is unusu-
ally curved, with a curvature parameter βp ∼ 6.4
for a log parabola particle distribution, or a high
energy spectral index p2 > 4.5 for a broken power-
law distribution. The spectrum shows more cur-
vature than an earlier quasi-simultaneous analysis
of Swift -XRT/NuSTAR data where the parameters
were βp ∼ 2.2 or p2 ∼ 4. It has long been known
that a power-law electron distribution can be pro-
duced from a region where particles are acceler-
ated under Fermi process and the radiative losses
in acceleration site decide the maximum attainable
Lorentz factor, γmax. Consequently, this quantity
decides the energy at which the spectrum curves
steeply. We show that such a distribution provides
a more natural explanation for the AstroSat data
as well as the earlier XRT/NuSTAR observation,
making this as the first well constrained determi-
nation of the photon energy corresponding to γmax.
This in turn provides an estimate of the accelera-
tion time-scale as a function of magnetic field and
Doppler factor. The UVIT observations are consis-
tent with earlier optical/UV measurements and re-
confirm that they plausibly correspond to a differ-
ent radiative component than the one responsible
for the X-ray emission. This analysis has been done
in collaboratio with Pranjupriya Goswami, Atreyee
Sinha, Sunil Chandra, Ranjeev Misra, Varsha Chit-
nis, et al.

Gaurav Goswami

Enhancement of axion decay constants in type IIA

theory?

We investigate the possibility of enhancement of
effective axion decay constant in well controlled
constructions in string theory. To this end, we
study the dynamics of axions arising in the com-
pactifications of type IIA string theory on Calabi-
Yau orientifolds with background fluxes (with non-
perturbative effects included to ensure stabilization
of all moduli). In this setup, we attempt to ob-
tain large effective axion decay constant in two dif-
ferent ways: by searching for a direction in field
space, in which the potential is sufficiently flat and
by arriving at a very explicit stringy embedding
of the Kim-Nilles-Peloso (KNP) alignment mech-
anism. We do not find super-Planckian effective
decay constants by either of the approaches. Fur-
thermore, we find that the alignment angle of KNP
mechanism can not be made arbitrarily small by
adjusting the fluxes.

Trans-Planckian censorship conjecture and non-

thermal post-inflationary history

The recently proposed Trans-Planckian Censorship
conjecture (TCC) can be used to constrain the en-
ergy scale of inflation. The conclusions, however,
depend on the assumptions about post-inflationary
history of the Universe. For example, in the stan-
dard case of a thermal post-inflationary history in
which the Universe stays radiation dominated at
all times from the end of inflation to the epoch
of radiation matter equality, TCC has been used
to argue that the Hubble parameter during infla-
tion, Hinf , is below O(0.1) GeV. Cosmological sce-
narios with a non-thermal post-inflationary history
are well-motivated alternatives to the standard pic-
ture, and it is interesting to find out the possible
constraints which TCC imposes on such scenarios.
In this work, we find out the amount of enhance-
ment of the TCC compatible bound on Hinf if post-
inflationary history before nucleosynthesis is non-
thermal. We then argue that if TCC is correct, for
a large class of scenarios, it is not possible for the
universe to have undergone a phase of moduli dom-
ination. This work has been done in collaboration
with Mansi Dhuria.



Umananda Dev Goswami

Supersymmetric hybrid inflation with non-minimal

coupling to gravity

The paradigm of cosmic inflation has been stud-
ied using the simplest model based on the idea of
supersymmetric hybrid inflation with non-minimal
coupling to gravity, specially under the slow-roll
approximation following the superconformal ap-
proach to supergravity. It is found that within a
range of values of the non-minimal coupling param-
eter ξ, the model can accommodate the inflation
data reported by the Planck (ns and upper limit
of r) and BICEP2/Keck (upper limit of r) collab-
orations. The study shows that the most probable
value of ξ should be ∼ 0.0134±0.0005. That is cou-
pling is found to be very weak. Within this range
of ξ, the values of r estimated from our model for
50 − 70 e-foldings are found to lay well below the
upper limits set by the Planck and BICEP2/Keck
collaborations. Similarly, values of ns obtained for
the said parameters are in good agreement with its
latest data of the Planck collaboration. The con-
straint equations for running of the scalar spectral
index nsk and its running nskk are derived from the
numerical solutions of our model for these parame-
ters. These equations can be used to test our model
from the data of future cosmological observations.

Shivappa Bharamappa Gudennavar

Are narrow-line Seyfert 1 galaxies powered by low-

mass black holes?

Narrow-line Seyfert 1 galaxies (NLS1s) are believed
to be powered by the accretion of matter onto low-
mass black holes (BHs) in spiral host galaxies with
BH masses MBH ∼ 106 to 108 M�. However, the
broadband spectral energy distribution of the γ-
ray-emitting NLS1s are found to be similar to flat-
spectrum radio quasars. This challenges our cur-
rent notion of NLS1s having low MBH . To resolve
this tension of low MBH values in NLS1s, we fit-
ted the observed optical spectrum of a sample of
radio-loud NLS1s (RL-NLS1s), radio-quiet NLS1s
(RQ-NLS1s), and radio-quiet broad-line Seyfert 1
galaxies (RQ-BLS1s) of ∼ 500 each with the stan-
dard Shakura-Sunyaev accretion disk (AD) model.
For RL-NLS1s, we found a mean log(MAD

BH /M�) of
7.98 ± 0.54. For RQ-NLS1s and RQ-BLS1s, we
found mean log(MAD

BH /M�) of 8.00 ± 0.43 and 7.90
± 0.57, respectively. While the derived MAD

BH val-

ues of RQ-BLS1s are similar to their virial masses,
for NLS1s the derived MAD

BH values are about an
order of magnitude larger than their virial esti-
mates. Our analysis, thus indicates that NLS1s
have MBH similar to RQ-BLS1s, and their avail-
able virial MBH values are underestimated, influ-
enced by their observed relatively small emission
line widths. Considering Eddington ratio as an es-
timation of the accretion rate and using MAD

BH , we
found the mean accretion rate of our RQ-NLS1s,
RL-NLS1s, and RQ-BLS1s as 0.06+0.16

−0.05, 0.05+0.18
−0.04

and 0.05+0.15
−0.04, respectively. Our results therefore,

suggest that NLS1s have BH masses and accretion
rates that are similar to BLS1s. This work has been
done in collaboration with Gayathri Viswanath, C.
S. Stalin, Suvendu Rakshit, Kshama S. Kurian, K.
Ujjwal, et al.

Unveiling the temporal properties of MAXI

J1820+070 through AstroSat observations

We present here the results of the first broadband
simultaneous spectral and temporal studies of the
newly detected black hole binary MAXI J1820+070
as seen by Soft X-ray Telescope and Large Area
X-ray Proportional Counter (LAXPC) on board
AstroSat. The observed combined spectra in the
energy range 0.7-80 keV were well modelled using
disk blackbody emission, thermal Comptonization,
and a reflection component. The spectral analy-
sis revealed that the source was in its hard spectral
state (Γ = 1.61) with a cool disk (kTin = 0.22keV ).
We report the energy dependent time-lag and root
mean squared (rms) variability at different frequen-
cies in the energy range 3-80 keV using LAXPC
data. We also modelled the flux variability using a
single-zone stochastic propagation model to quan-
tify the observed energy dependence of time lag
and fractional rms variability, and then compared
the results with that of Cygnus X-1. Additionally,
we confirm the detection of a quasi-periodic oscilla-
tion with the centroid frequency at 47.7 mHz. This
study has been done in collaboration with Sneha
Prakash Mudambe, Bari Maqbool Bhat, Ranjeev
Misra, Sabhya Hebbar, J. S. Yadav, et al.

Sarbari Guha

Thermodynamics of FRW universe with Chaplygin

gas models

In this work, we have examined the validity of the
generalized second law of thermodynamics (GSLT)



in an expanding Friedmann Robertson Walker
(FRW) universe filled with different variants of
Chaplygin gases. Assuming that the universe is
a closed system bounded by the cosmological hori-
zon, we first present the general prescription for the
rate of change of total entropy on the boundary. In
the subsequent part, we have analyzed the validity
of the generalised second law of thermodynamics
on the cosmological apparent horizon and the cos-
mological event horizon for different Chaplygin gas
models of the universe. The analysis is supported
with the help of suitable graphs to clarify the status
of the GSLT on the cosmological horizons. In the
case of the cosmological apparent horizon, we have
found that some of these models always obey the
GSLT, whereas the validity of GSLT on the cos-
mological event horizon of all these models depend
on the choice of free parameters in the respective
models. This work has been done in collaboration
with Samarjit Chakraborty.

On the gravitational entropy of accelerating black

holes

We have examined the validity of a proposed def-
inition of gravitational entropy in the context of
accelerating black hole solutions of the Einstein
field equations, which represent the realistic black
hole solutions. We have adopted a phenomenolog-
ical approach proposed in Rudjord et al. and ex-
panded by Romero et al. in which the Weyl cur-
vature 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 corre-
sponding 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. We end up by
discussing 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.

Mamta Gulati

Ram pressure stripping: An analytical approach

We take an analytical approach to study ram pres-
sure stripping, using simple models for discs and
the distribution of halo gas to look at this phe-
nomenon in cluster, group and galaxy haloes. We

also study variations in galaxy properties and red-
shift. In each case, we model the worst-case sce-
nario (i.e., the maximum effect resulting from ram
pressure). We show that the worst-case scenario
is not affected greatly by changes in redshift. We
find that gas discs in galaxies with a higher spin
parameter are stripped sooner than galaxies with a
smaller spin parameter. Galaxies in cluster haloes
are stripped of gas more efficiently compared with
group and galaxy haloes, because they have a
higher infall speed and a higher density of gas in the
intra-cluster medium (i.e., as a result of a greater
retention of baryons). We comment on the limita-
tions of our model, and we look at and illustrate a
situation where a significant amount of gas may be
retained in the galaxy disc. Finally, we discuss the
implications for star formation in galaxies during
infall into haloes. This work has been done in col-
laboration with Ankit Singh, and Jasjeet S. Bagla.

Priya Hasan

GAIA: The 3D milky way mapper

GAIA (Global Astrometric Interferometer for As-
trophysics) is a mission of the European Space
Agency (ESA), which will make the largest, most
precise three dimensional map of our galaxy by an
unparalleled survey of one per cent of the galaxy’s
population of 100 billion stars with the precision
of micro arcseconds. This article briefly reviews
GAIA, the data releases (DR), and the possible im-
plications of this mission. We introduce the DR1
and DR2 data releases and the scientific outcomes
of DR1 as a forerunner to the DR2 of this one-of-a-
kind mission. The DR2 was released on 25 th April
2018 and this study aims to prepare the reader for
this great milestone in astronomy.

K. P. Harikrishnan

Quantifying information loss on chaotic attractors

through recurrence networks

We propose an entropy measure for the analysis
of chaotic attractors through recurrence networks,
which are un-weighted and un-directed complex
networks constructed from time series of dynam-
ical systems using specific criteria. We show that
the proposed measure converges to a constant value
with increase in the number of data points on the
attractor (or the number of nodes on the network)



and the embedding dimension used for the con-
struction of the network, and clearly distinguishes
between the recurrence network from chaotic time
series and white noise. Since the measure is char-
acteristic to the network topology, it can be used
to quantify the information loss associated with the
structural change of a chaotic attractor in terms of
the difference in the link density of the correspond-
ing recurrence networks. We also indicate some
practical applications of the proposed measure in
the recurrence analysis of chaotic attractors as well
as the relevance of the proposed measure in the
context of the general theory of complex networks.
This work has been done in collaboration with Ran-
jeev Misra, and G. Ambika

Jessy Jose

A novel survey for young substellar objects with the

W-band filter: The coolest and lowest mass mem-

bers of the Serpens-South Star-forming region

Given its relative proximity (∼ 430 pc), compact
size (< 20′), young age (∼ 0.5 Myr), and rich
number of young stellar objects, the Serpens-South
star-forming region is a promising site for studying
young substellar objects, yet the low-mass mem-
bers of this region remain largely undiscovered. In
our deep photometric survey using a custom 1.45
μm filter (W-band), as well as standard J and H
near-IR filters using 3.6m Canada-France-Hawaii
Telescope (CFHT), we identify candidate low-mass
young brown dwarfs in the Serpens-South region.
We constructed a reddening-insensitive index (Q)
by combining J, H and W-band photometry for
survey objects, in order to identify candidate low-
mass members of Serpens based on the strength of
the water-absorption feature at 1.45 μm in the at-
mospheres of mid-M and later objects. We then
conducted spectroscopic follow-up using ArCoIRIS
spectrograph of 4m Blanco Telescope to confirm
youth and spectral type for our candidates. This
is the first survey to identify the very low-mass
and coolest members of Serpens-South. We identify
four low-mass candidate Serpens members, which
all display IR excess emission, indicating the likely
presence of circumstellar disks around them. One
of the four candidate low-mass members in our
list, SERP182918-020245, exhibits Paβ and Brγ
emission features, confirming its youth and on-
going magnetospheric accretion. Our new candi-
date members have spectral types >M4 and are

the coolest and lowest mass candidate members
yet identified in Serpens-South. This survey has
been done in collaboration with Beth A. Biller, Loic
Albert, Sophie Dubber, Katelyn Allers, Gregory J
Herezeg, et al.

Md. Mehedi Kalam

Analytical model of strange star in Durgapal space-

time.

we have presented a new strange star model based
on Durgapal IV metric. Here, we have applied a
specific method to study the inner physical proper-
ties of the compact objects 4U 1702-429, 2A 1822-
371, PSR J1756-2251, PSR J1802-2124 and PSR
J1713+0747, and calculated central density (ρ0),
surface density (ρb), central pressure (p0), surface
red-shift (Zs), compactness and probable radius of
the above mentioned star. Further, we perform
different tests to study the stability of our model
and finally we are able to give an equation based
on pressure and density, i.e., probable equation of
state (EoS) which has an important significances in
the field of astrophysics. This work has been done
in collaboration with Rabiul Islam, and Sajahan
Molla.

Nishikanta Khandai

The population of galaxies that contribute to the HI

mass function

We look at the contribution of different galaxy pop-
ulations to the atomic hydrogen (HI) mass func-
tion (HIMF) and the HI density parameter, ΩHI,
in the local universe. Our analysis is based on a
sample of 7857 HI-selected galaxies from a volume
common to the SDSS and ALFALFA (40% cata-
logue – α.40) surveys. We define different pop-
ulations of galaxies in the colour(u-r)-magnitude
(Mr) plane and compute the HIMF for each of
them. Additionally, we compute the HIMF for
dark galaxies; these are undetected in SDSS and
represent ∼ 2% of the total sample. We find that
the luminous red population dominates the total
HIMF for log10(MHIh

2
70/M�) ≥ 10.4. The full

red population – luminous and faint – represents
about ∼ 17% of the ΩHI budget, while that of the
dark population is ∼ 3%. The HIMF about the
knee, log10(MHIh

2
70/M�) ∈ [8, 10.4], is dominated

by the faint and luminous blue populations, the
latter dominating at larger masses in this interval.



Their total contribution to ΩHI is ∼ 55− 70%, the
variation depending on the definition of popula-
tion. The dominant populations at the low mass
end, log10(MHIh

2
70/M�) ≤ 8.0 are the faint blue

and faint bluer populations, the latter’s dominance
being sensitive to its definition. The full blue (blue–
bluer luminous and faint) population represents
∼ 80% of ΩHI. A bimodal HIMF suggested by our
results is, however, not seen since the amplitude of
the HIMF of the luminous red population is small
compared to that of the luminous blue population.
This work has been done in collaboration with Saili
Dutta, and Biprateep Dey.

Nagendra Kumar

Turbulence effect on the stability of molecular cloud

Observations show that molecular clouds are the
sites of star formation and have a clumpy struc-
ture. Since some properties of massive molecular
clouds can not be explained by isothermal equa-
tion of state, so an alternative form of equation of
state, i.e. logatropic equation of state is consid-
ered to study the stability of molecular cloud. So
stability of self-gravitating, magnetized and warm
molecular cloud is studied taking into account the
turbulence effect. We consider molecular cloud as
a partially ionized composed of ions and neutrals,
self-gravitating, warm and magnetized medium. A
logarithmic term is added in the equation of state
to include the effect of turbulent motion. A bi-
quadratic dispersion relation is obtained, and is dis-
cussed in a special case by ignoring friction between
ions and neutrals. It is found that waves propagate
with faster speed if perturbation wavelength is less
than the Jeans length of the ion component and
greater than the Jeans length of the neutral com-
ponent. This work has been done in collaboration
with Meenakshi Yadav.

Suresh Kumar

Testing the warmness of dark matter

Dark matter (DM) as a pressureless perfect fluid
provides a good fit of the standard ΛCDM model
to the astrophysical and cosmological data. In
this work, we investigate two extended properties
of DM: a possible time dependence of the equa-
tion of state of DM via Chevallier-Polarski-Linder
parametrization, wdm = wdm0 + wdm1(1 − a), and

the constant non-null sound speed ĉ2
s,dm. We ana-

lyze these DM properties on top of the base ΛCDM
model by using the data from Planck cosmic mi-
crowave background (CMB) temperature and po-
larization anisotropy, baryonic acoustic oscillations
(BAO) and the local value of the Hubble constant
from the Hubble Space Telescope (HST). We find
new and robust constraints on the extended free
parameters of DM. The most tight constraints are
imposed by CMB + BAO data, where the three
parameters wdm0, wdm1 and ĉ2

s,dm are respectively

constrained to be less than 1.43×10−3, 1.44×10−3

and 1.79 × 10−6 at 95% CL. All the extended
parameters of DM show consistency with zero at
95% CL, indicating no evidence beyond the CDM
paradigm. We notice that the extended proper-
ties of DM significantly affect several parameters
of the base ΛCDM model. In particular, in all
the analyses performed here, we find significantly
larger mean values of H0 and lower mean values of
σ8 in comparison to the base ΛCDM model. Thus,
the well-known H0 and σ8 tensions might be recon-
ciled in the presence of extended DM parameters
within the ΛCDM framework. Also, we estimate
the warmness of DM particles as well as its mass
scale, and find a lower bound: ∼ 500 eV from our
analyses. This work has been done in collaboration
with Rafael C. Nunes, and Santosh Kumar Yadav.

Constraints on Bianchi type-I spacetime extension

of the standard ΛCDM model

We consider the simplest anisotropic generaliza-
tion, as a correction, to the standard ΛCDM model,
by replacing the spatially flat Robertson-Walker
metric by the Bianchi type-I metric, which brings
in a new term Ωσ0a

−6 (mimicking the stiff fluid)
in the average expansion rate H(a) of the universe.
From Hubble and Pantheon data, relevant to the
late universe (z � 2.4), we obtain the constraint
Ωσ0 � 10−3, in line with the model independent
constraints. When the baryonic acoustic oscilla-
tions and cosmic microwave background (CMB)
data are included, the constraint improves by 12
orders of magnitude, i.e., Ωσ0 � 10−15. We find
that this constraint could alter neither the matter-
radiation equality redshift nor the peak of the mat-
ter perturbations. Demanding that the expansion
anisotropy has no significant effect on the stan-
dard Big Bang Nucleosynthesis (BBN), we find the
constraint Ωσ0 � 10−23. We show explicitly that
the constraint from BBN renders the expansion



anisotropy irrelevant to make a significant change
in the CMB quadrupole temperature, whereas the
constraint from the cosmological data in our model
provides the temperature change up to ∼ 11 mK,
though it is much beyond the CMB quadrupole
temperature. This work has been done in collab-
oration with Ozgur Akarsu, Shivani Sharma, and
Luigi Tedesco.

Smriti Mahajan

Galaxy And Mass Assembly (GAMA): Properties

and evolution of red spiral galaxies

We use multiwavelength data from the Galaxy And
Mass Assembly (GAMA) survey to explore the
cause of red optical colours in nearby (0.002 < z <
0.06) spiral galaxies. We show that the colours
of red spiral galaxies are a direct consequence of
some environment-related mechanism(s) that has
removed dust and gas, leading to a lower star for-
mation rate. We conclude that this process acts
on long time-scales (several Gyr) due to a lack of
morphological transformation associated with the
transition in optical colour. The specific star for-
mation rate (sSFR) and dust-to-stellar mass ratio
of red spiral galaxies is found to be statistically
lower than blue spiral galaxies. On the other hand,
red spirals are on average 0.9 dex more massive,
and reside in environments 2.6 times denser than
their blue counterparts. We find no evidence of
excessive nuclear activity, or higher inclination an-
gles to support these as the major causes for the red
optical colours seen in ≥ 47 per cent of all spirals
in our sample. Furthermore, for a small subsam-
ple of our spiral galaxies that are detected in H I,
we find that the SFR of gas-rich red spiral galax-
ies is lower by 1 dex than their blue counterparts.
This work has been done in collabration with Kirti
Kamal Gupta, Rahul Rane, Michael J. I. Brown,
Steven Phillipps, Joss Bland-Hawathorn, et. al.

Titus K. Mathew

First law of thermodynamics and emergence of cos-

mic space in a non-flat universe

The emergence of cosmic space as cosmic time pro-
gresses is an exciting idea advanced by Padman-
abhan to explain the accelerated expansion of the
universe. The generalization of Padmanabhan’s
conjecture to the non-flat universe has resulted in
scepticism about the choice of volume such that

the law of emergence can not be appropriately for-
mulated if one uses proper invariant volume. The
deep connection between the first law of thermody-
namics and the law of emergence, motivate us to
explore the status of the first law in a non-flat uni-
verse when one uses proper invariant volume. We
have shown that the first law of thermodynamics,
dE = TdS + WdV cannot be formulated properly
for a non-flat universe using proper invariant vol-
ume. We have also investigated the status of the
first law of the form −dE = TdS in a non-flat uni-
verse. We have shown that the energy change dEV

within the horizon and the outward energy flux are
not equivalent to each other in a non-flat universe
when we use the proper invariant volume. We fur-
ther point out that the consistency between the
above two forms of the first law claimed in will hold
only with the use of the real volume of the horizon.
The failure in formulating the first law of thermo-
dynamics with the use of invariant volume shows
that the invariant volume will be a poor choice to
describe any thermodynamic process in cosmology.
This work has been done in collaboration with Ha-
reesh Thuruthipilly, and P.B. Krishna.

Dynamical system analysis and thermal evolution

of the causal dissipative model

The dynamical system behaviour and thermal evo-
lution of a homogeneous and isotropic dissipative
universe are analyzed. The dissipation is driven by
the bulk viscosity and the evolution of bulk viscous
pressure is described using the full causal Israel-
Stewart theory. We find that for s = 1/2, the model
possesses a prior decelerated epoch,which is unsta-
ble and a stable future accelerated epoch. From
the thermodynamic analysis, we have verified that
the local as well as the generalised second law of
thermodynamics are satisfied throughout the evo-
lution of the universe. We also show that the con-
vexity condition is satisfied at the end stage of the
universe, which implies an upper bound to the evo-
lution of the entropy. For, the case s < 1/2 is ruled
out since it does not predict the conventional evolu-
tionary stages of the universe. On the other hand,
the case s > 1/2 does imply a prior decelerated
and a late de Sitter epochs, but both of them are
unstable fixed points. The thermal evolution cor-
responding to the same case implies that GSL is
satisfied at both the epochs but convexity condi-
tion is violated by both, so that entropy growth is
unbounded. Hence for s > 1/2, the model does not



give a stable evolution of the universe. This work
has been done in collaboration with N.D. Jerin Mo-
han, P.B. Krishna, and Athira Sasidharan.

Irom Ablu Meitei

Generalized Klein-Gordon equation and quantum

gravity corrections to tunnelling of scalar particles

from Kerr-Newman black hole

In this work, we deduce the generalized Klein-
Gordon equation in curved spacetime in the pres-
ence of an electromagnetic field from first princi-
ples, using the generalized uncertainty principle.
Using this equation, we study the tunnelling of
scalar particles from a Kerr-Newman black hole.
Corrections to the Hawking temperature and en-
tropy of the black hole due to quantum gravity ef-
fects are discussed. This work has been done in col-
laboration with A. Keshwarjit Singh, Talem Ibun-
gochouba Singh, and K. Yugindro Singh.

Effect of GUP on Hawking radiation of BTZ black

hole

The Hawking radiation of BTZ black hole is in-
vestigated based on generalized uncertainty prin-
ciple effect by using Hamilton-Jacobi method and
Dirac equation. The tunnelling probability and
the Hawking temperature of the spin 1/2 particles
of the BTZ black hole is investigated using modi-
fied Dirac equation based on the GUP. The modi-
fied Hawking temperature for Fermion crossing the
black hole horizon includes the mass parameters
of the black hole, angular momentum, energy and
also outgoing mass of the emitted particle. Be-
sides, considering the effect of GUP into account,
the modified Hawking radiation of massless par-
ticle from a BTZ black hole is investigated using
Damour and Ruffini method, tortoise coordinate
transformation and modified Klein-Gordon equa-
tion. The relation between the modified Hawk-
ing temperature obtained by using Damour-Ruffini
method and the energy of the emitted particle is
derived. The original Hawking temperature is also
recovered in the absence of quantum gravity ef-
fects. This work has been done in collaboration
with Talem Ibungochouba Singh, and Y. Kenedy
Meitei

Hameeda Mir and Rizwan Ul Haq
Ansari

Modified theory of gravity and clustering of multi

component system of galaxies

We analyze the clustering of galaxies using a mod-
ified theory of gravity, in which the field content of
general relativity has been increased. This increas
changes the large distance behaviour of the the-
ory, and in weak field approximation, it will also
modify the large distance behaviour of Newtonian
potential. So, we analyze the clustering of multi-
component system of galaxies interacting through
this modified Newtonian potential. We obtain the
partition function for this multi-component system,
and study the thermodynamics of this system, and
we analyze the effects of the large distance modi-
fication to the Newtonian potential on Helmholtz
free energy, internal energy, entropy, pressure and
chemical potential of this system, and we obtain
also the modified distribution function and the
modified clustering parameter for this system, and
hence, observe the effect of large distance modifica-
tion of Newtonian potential on clustering of galax-
ies. This study has been done in collaboration with
Behnam Pourhassasn, Mir Faizal, C.P. Masroor,
and P. K. Suresh.

Sourav Mitra

Heavy dark matter particle annihilation in dwarf

spheroidal galaxies: Radio signals at the SKA tele-

scope

A weakly interacting dark matter candidate is diffi-
cult to detect at high-energy colliders like the LHC,
if its mass is close to, or higher than a TeV. On the
other hand, pair-annihilation of such particles may
give rise to e+e− pairs in dwarf spheroidal galaxies
(dSph), which in turn can lead to radio synchrotron
signals that are detectable at the upcoming Square
Kilometre Array (SKA) telescope within a moder-
ate observation time. We investigate the circum-
stances under which this complementarity between
collider and radio signals of dark matter can be use-
ful in probing physics beyond the standard model of
elementary particles. Both particle physics issues
and the roles of diffusion and electromagnetic en-
ergy loss of the e are taken into account. First, the
criteria for detectability of trans-TeV dark matter
are analysed independently of the particle physics
model(s) involved. We, thereafter, use some bench-



marks based on a popular scenario, namely, the
minimal supersymmetric standard model. It is,
thus, shown that the radio flux from a dSph like
Draco should be observable in about 100 hours at
the SKA, for dark matter masses upto 4-8 TeV. In
addition, the regions in the space spanned by astro-
physical parameters, for which such signals should
be detectable at the SKA, are marked out. This
work has been done in collaboration with Arpan
Kar, Biswarup Mukhopadhyaya, and Tirthankar
Roy Choudhury.

Constraints on dark matter annihilation in dwarf

spheroidal galaxies from low frequency radio obser-

vations

We present the first observational limits on the pre-
dicted synchrotron signals from particle dark mat-
ter annihilation models in dwarf spheroidal galax-
ies at radio frequencies below 1 GHz. We use a
combination of survey data from the Murchison
Widefield Array (MWA) and the Giant Metrewave
Radio Telescope to search for diffuse radio emis-
sion from 14 dwarf spheroidal galaxies. For in situ
magnetic fields of 1 μG and any plausible value for
the diffusion coefficient, our limits do not constrain
any dark matter models. However, for stronger
magnetic fields, our data might provide constraints
comparable to existing limits from gamma-ray and
cosmic-ray observations. Predictions for the sensi-
tivity of the upgraded MWA show that models with
dark matter particle mass up to ∼ 1.6 TeV (1 TeV)
may be constrained for a magnetic field of 2 μG (1
μG). While much deeper limits from the future low
frequency Square Kilometre Array (SKA) will chal-
lenge the LHC in searches for dark matter parti-
cles, the MWA provides a valuable first step toward
the SKA at low frequencies. This work has been
done in collaboration with Arpan Kar, Biswarup
Mukhopadhyaya, Tirthankar Roy Choudhury, and
Steven Tingay.

Aditya Sow Mondal and Biplab Ray-
chaudhuri

Study of the reflection spectrum of the bright atoll

source GX 3+1 with NuSTAR

We report on the NuSTAR observation of the
atoll type neutron star (NS) low-mass X-ray bi-
nary GX 3+1 performed on October 17, 2017. The
source was found in a soft X-ray spectral state
with 3 − 70 KeV luminosity of LX ∼ 3 × 1037

ergs s−1 (∼ 16% of the Eddington luminosity), as-
suming a distance of 6 kpc. A positive correla-
tion between intensity and hardness ratio suggests
that the source was in the banana branch dur-
ing this observation. The broadband 3 − 70 KeV
nustar spectral data can be described by a two-
component continuum model consisting of a disk
blackbody (kTdisc ∼ 1.8 KeV) and a single tem-
perature blackbody model (kTbb ∼ 2.7 KeV). The
spectrum shows a clear and robust indication of
relativistic reflection from the inner disc, which is
modelled with a self-consistent relativistic reflec-
tion model. The accretion disc is viewed at an
inclination of i � 22 − 26 degree and extended
close to the NS, down to Rin = (1.2−1.8)RISCO (�
6.1 − 9.1 Rg or 14 − 20.5 km), which allows an up-
per limit on the NS radius (≤ 13.5 km). Based on
the measured flux and the mass accretion rate, the
maximum radial extension for the boundary layer
is estimated to be ∼ 6.3 Rg from the NS surface.
However, if the disc is not truncated by the bound-
ary layer but by the magnetosphere, an estimated
upper limit on the polar magnetic field would be of
B ≤ 6 × 108 G. This observation has been done in
collaboration with Gulab C. Dewangan

Pradip Mukherjee

A new action for non-relativistic particle in curved

background

We obtain a new form for the action of a non-
relativistic particle coupled to Newtonian gravity.
The result is different from that existing in the lit-
erature which, as shown here, is riddled with prob-
lems and inconsistencies. The present derivation
is based on the formalism of Galilean gauge the-
ory, introduced by us as an alternative method
of analysing non-relativistic symmetries in gravi-
tational background. This work has been done in
collaboration with Rabin Banerjee.

Constrained Hamiltonian analysis of a non-

relativistic Schrodinger field coupled with Chern-

Simons gravity

The coupling is achieved by the recently advanced
Galilean gauge theory. The calculations are re-
peated with a truncated model to show that de-
viation from Galilean gauge theory makes the the-
ory untenable. The issue of non-relativistic spatial
diffeomorphism is discussed in this context. This



work has been done in collaboration with Abdus
Sattar.

Hemwati Nandan

Analytic solutions of the geodesic equation for

Reissner-Nordstrm-(anti-)de Sitter black holes sur-

rounded by different kinds of regular and exotic

matter fields

The purpose of this study is the derivation of the
equation of motion for particles in the spacetime
of Reissner-Nordstrm-(anti-)de Sitter black holes
in the background of different kinds of regular and
exotic matter fields. The complete analytical solu-
tions of the geodesic equations are given in terms of
the elliptic Weierstra β-℘ function and the hyperel-
liptic Kleinian σ-function. Finally, after analyzing
the geodesic motion of test particles and light us-
ing parametric diagrams and effective potentials,
we present a list of all possible orbits. This work
has been done in collaboration with Arindam Ku-
mar Chatterjee, Kai Flathmann, and Anik Rudra.

Long-term (2005-2012) measurements of near-

surface air pollutants at an urban location in the

Indo-Gangetic Basin

Simultaneous long-term measurements of near-
surface air pollutants at an urban station, New
Delhi, were studied during 2005 − 2012 to un-
derstand their distribution on different temporal
scales. The annual mean mass concentrations of
Nitrogen dioxide (NO2), Sulphur dioxide (SO2),
particulate matter less than 10μm(PM10) and sus-
pended particulate matter (SPM) were found to
be 62.0 ± 27.6, 12.5 ± 8.2, 253.7 ± 134 and 529.2 ±
213.1μg/m3, respectively. The 24 − hr mean mass
concentrations of NO2, PM10 and SPM were ex-
ceeded on ∼ 27%, 87% and 99% days that of to-
tal available measurement days to their respective
National Ambient Air Quality Standard (NAAQS)
level. However, it never exceeded for SO2, which
could be attributed to reduction of Sulphur in
diesel, use of cleaner fuels such as compressed nat-
ural gas, LPG, etc. The mean mass concentrations
of measured air pollutants were found to be the
highest during the winter/post-monsoon seasons,
which are of concern for both climate and human
health. The annual mean mass concentrations of
NO2, PM10 and SPM showed an increasing trend,
while SO2 appears to be decreasing since 2008. Air
mass cluster analysis showed that north-northwest

trajectories accounted for the highest mass concen-
trations of air pollutants (more prominent in the
winter/post-monsoon season); however, the low-
est were associated with the southeast trajectory
cluster. This work has been done in collaboration
with Nanda Kishore, Atul K. Srivastava, Chhavi P.
Pandey, S Agrawal, Narendra Singh et al.

Biswajit Pandey

Can we constrain the dark energy equation of state

parameters using conguration entropy ?

We propose a new scheme for constraining the dark
energy equation of state parameter/parameters
based on the study of evolution of conguration en-
tropy. We analyze a set of one parameter and two
parameters dynamical dark energy models and find
that the derivative of the configuration entropy in
all the dynamical dark energy models, exhibit a
minimum. The magnitude of the minimum of the
entropy rate is decided by both the parametriza-
tion of the equation of state as well as the as-
sociated parameters. The location of the mini-
mum of the entropy rate is less sensitive to the
form of the parametrization but depends on the
associated parameters. We determine the best fit
equations for the location and magnitude of the
minimum of the entropy rate in terms of the pa-
rameter/parameters of the dark energy equation
of state. These relations would allow us to con-
strain the dark energy equation of state parame-
ter/parameters for any given parametrization pro-
vided the evolution of the configuration entropy
in the Universe is known from observations. This
work has been done in collaboration with Biswajit
Das.

Unravelling the cosmic web: An analysis of the

SDSS DR14 with the local dimension

We analyse a volume-limited galaxy sample from
the Sloan Digital Sky Survey (SDSS) in order to
study the environments of galaxies on different
length-scales in the local universe. We measure
the local dimension of the SDSS galaxies on differ-
ent length-scales and we find that sheets or sheet-
like structures are the most prevalent pattern in
the cosmic web throughout the entire range of
length-scales. The abundance of sheets peaks at
30h1Mpc and they can extend up to a length-scale
of 90h1Mpc. Analysing mock catalogues, we find
that the sheets are non-existent beyond 30h1Mpc in



the Poisson distributions, and that the straight fil-
aments in the SDSS galaxy distribution can extend
only up to a length-scale of 30h1Mpc. Our results
indicate that the environment of a galaxy exhibits
a gradual transition towards a higher local dimen-
sion with increasing length-scales, finally approach-
ing a nearly homogeneous network on large scales.
We compare our findings with a semi-analytical
galaxy catalogue from the Millennium Run simula-
tion, and these are in fairly good agreement with
the observations. We also test the effects of the
number density of the sample and the cut-off in
the goodness of fit, which shows that the results
are nearly independent of these factors. Finally,
we apply the method to a set of simulations of the
segment Cox process and we find that it can char-
acterize such distributions. This anyalysis has been
done in collaboration with Suman Sarkar.

Sanjay Kumar Pandey

Software to compute the energy dependent time-lag

and r.m.s from a thermal Comptonized medium

Understanding various observed phenomena in X-
ray binaries involves some very challenging and
interesting phenomena of astrophysics. Quasi-
periodic oscillations (QPO) in low-mass X-ray bi-
naries (LMXB) is one such problem. It is be-
lieved that X-ray luminosity of X-ray binaries is
due to accretion disc formed by material accreted
from a companion star on the copact star such as
a netron star. X-ray emission from these binary
system vary on wide range of time scales. This
variability is in general quantified by computing
power density spectra (PDS). Peaked feature of
PDS are QPOs. Several models have been pro-
posed to explain the observed kHz QPOs. One
such model is proposed by Kumar and Misra in
2014. Using the linearized time-dependent Kom-
paneets equation, they proposed a method to cal-
culate shape of the r.m.s. as well as time-lag as
a function of energy. We have developed a soft-
ware “COMPT-Time-Lag-RMS” which consists of
numerical codes to compute the energy dependent
time-lag and r.m.s from a thermal Comptonized
medium. The software computes the time and en-
ergy dependent time-lag when (a) the seed photon
temperature is varied and (b) the coronal heating
rate is varied. The energy dependent time-lags are
due to light travel timing affects due to Compton
scattering in a medium. The results can be com-

pared with observed values, provided the time-lags
are interpreted as such. This softwar has been up-
loaded to http : //astrosat − ssc.iucaa.in/?q =
dataandanalysis. This work has been doen in col-
laboration with Ranjeev Misra.

Amit Pathak

DFT study on interstellar PAH molecules with

aliphatic side groups

Polycyclic aromatic hydrocarbon (PAH) molecules
have been long adjudged to contribute to the
frequently detected distinct emission features at
3.3, 6.2, 7.7, 8.6, 11.2, and12.7μm with weaker and
blended features distributed in the 3 − 20μm re-
gion. The comparatively weaker 3.4μm emission
feature has been attributed to have an aliphatic
origin as carrier. PAH with an aliphatic functional
group attached to it is one of the proposed poten-
tial candidate carriers for the 3.4μm emission band,
however, the assignment of carrier is still enig-
matic. In this work, we employ density functional
theory calculation on a symmetric and compact
PAH molecule; coronene (C24H12) with aliphatic
side group to investigate any spectral similarities
with observed features at 3 − 4micronμm. The
side groups considered in this study are -H (hydro-
genated), -CH3 (methyl), -CH2-CH3 (ethyl), and
-CH=CH2 (vinyl) functional groups. Considering
the possible presence of deuterium (D) in PAHs, we
also include D in the aliphatic side group to study
the spectral behaviour. We present a detailed anal-
ysis of the IR spectra of these molecules and discuss
possible astrophysical implications. This work has
been in collaboration with Mridusmita Buragohain,
Itsuki Sakon, and Takashi Onaka.

Bikash Chandra Paul

Anisotropic compact objects in f(T ) gravity with

FinchSkea geometry

We study the relativistic solutions of anisotropic
compact stars with FinchSkea (FS) metric in f(T )
gravity framework. The modified FS geometry is
considered to obtain the equation of state (EoS) for
different known stellar objects with given mass and
radius. The modified Chaplygin gas (MCG) EoS is
also considered to obtain stellar objects, as the EoS
inside the star is not yet known. The results ob-
tained here are important in the two cases to under-
stand properties of known stars, which are however



not known observationally. The physical features
of known stars are analyzed here, and found that
compact star formation may be possible with repul-
sive core. In the case of MCG in f(T ) gravity com-
pact stars may be obtained with anisotropic fluid
(pt > pr), with maximum anisotropy at the center
of the star, which however, is not found when MCG
is absent. This has been studied in collaboration
with Anirban Chanda, and Sagar Dey.

NUSTAR and Swift observations of AMXP Swift

J1756.92508 during its 2018 outburst

We present here the timing and spectral analy-
sis of the accreting millisecond pulsar (AMXP)
SwiftJ1756.92508 during its recent outburst in 2018
using Swift and NuSTAR observations. The si-
multaneous fitting of the Swift and NuSTAR spec-
tra indicated that the source was in the hard
state with a cut-off energy of about 74.58 keV.
We also studied in detail the pulse profile of the
AMXP and its dependence on energy. The colour-
colour diagram of the source was different from
those previously reported. We performed phase,
and time-resolved spectral analysis using NuSTAR
data. Pulse phase-resolved spectra were fitted
with a power-law model, and significant changes in
the spectral parameters with pulse phase were ob-
served. The orbital phase and time-resolved spec-
tra were fitted with a cut-off power-law model. The
column density and photon index obtained from
orbital phase spectral analysis were found to show
some anti-correlation with the flux. Through time-
resolved spectral analysis, we observed that the
spectral parameters show positive correlation with
each other and with the flux. We did not observe
softening of the spectrum with time. No emission
lines or Compton bump were observed in the spec-
trum of the AMXP. This work has been done in
collaboration with Binay Rai.

Surajit Paul

Radio relic and the diffuse emission trail discovered

in low-mass galaxy cluster Abell 1697

We report the discovery of a putative radio relic,
830 kpc in length, and find towards the outskirts
of galaxy cluster Abell 1697 (z = 0.181), using
the LOFAR Two Meter Sky Survey (LoTSS) at

144 MHz. An X-ray-inferred mass of MX−ray
500 =

2.9+0.8
−0.7 × 1014 M� places Abell 1697 among the

least massive relic hosts. The relic is also detected

at 325 MHz in the Westerbork Northern Sky Sur-
vey (WENSS) and at 1.4 GHz in the NRAO VLA
Sky Survey (NVSS), with an average spectral in-
dex of α(144, 325, 1400 MHz) = −0.98 ± 0.01, and
magnetic field of Beq ∼ 0.6 μG. This relic, located
in the north-east periphery of the cluster is 300
kpc wide, exhibits a gradual spectral steepening
across the width (α1.4GHz

144MHz(inj) = −0.70 ± 0.11 to
α1.4GHz

144MHz(edge) = −1.19 ± 0.15), as well as indica-
tions of a co-spatial X-ray (ROSAT) shock and the
radio relic emission. The radio power of the relic
is P1.4GHz = 8.5 ± 1.1 × 1023 W Hz−1, which is
found to be in good agreement with the expected
empirical correlation between the radio power and
largest linear size (LLS) of relics. The relic is
trailed by extended (790 × 550 kpc) diffuse ra-
dio emission towards the cluster centre, which is
likely an ultra-steep spectrum (α1.4GHz

144MHz < −1.84)
radio source. This structure is also found to be
older by at least 190 Myrs, has a very low sur-
face brightness of 0.3 μJy arcsec−2 and magnetic
field Beq ∼ 0.8 μG, similar to that of a radio
phoenix. Finally, we discuss the possible mecha-
nisms responsible for the relic and the trailing dif-
fuse radio emission, invoking re-acceleration due to
wake turbulence, as well as the revival of fossil elec-
trons in the remnant radio lobes of active galactic
nuclei (AGN) by the cluster merger shocks. This
work has been done in collaboration with Sameer
Salunkhe, Satish Sonkamble, Prateek Gupta, Tony
Mroczkowski, and Somak Raychaudhury.

Low-frequency radio study of MACS clusters using

the GMRT at 610 and 235 MHz

Studies have shown that mergers of massive galaxy
clusters produce shocks and turbulence in the intra-
cluster medium, the possible event that creates ra-
dio relics, as well as the radio halos. Here, we
present GMRT dual-band (235 and 610 MHz) radio
observations of four such clusters from the MAs-
sive Cluster Survey (MACS) catalogue. We re-
port the discovery of a very faint, diffuse, elon-
gated radio source with a projected size of about
0.5 Mpc in cluster MACSJ0152.5-2852. We also
confirm the presence of a radio relic-like source
(about 0.4 Mpc, previously reported at 325 MHz)
in MACSJ0025.4-1222 cluster. Proposed relics in
both these clusters are found apparently inside the
virial radius instead of their usual peripheral loca-
tion, while no radio halos are detected. These high-
redshift clusters (z = 0.584 and 0.413) are among



the earliest merging systems detected with cluster
radio emissions. In MACSJ1931-2635 cluster, we
found a radio mini-halo and an interesting highly
bent pair of radio jets. Further, we present here
a maiden study of low frequency (GMRT 235 and
610 MHz) spectral and morphological signatures
of a previously known radio cluster MACSJ0014.3-
3022 (Abell 2744). This cluster hosts a relatively
flat spectrum (α610

235 ∼ −1.15), giant (∼ 1.6 Mpc
each) halo-relic structure and a close-by high-speed
(1769±148

359 km s−1) merger-shock (M = 2.02±0.17
0.41)

originated from a possible second merger in the
cluster. This work has been done in collaboration
with Sameer Salunkhe, Abhirup Datta, and Huib
Intema.

Ananta Charan Pradhan

A catalogue of 108 extended planetary nebulae ob-

served by GALEX

We present the ultraviolet (UV) imaging observa-
tion of planetary nebulae (PNe) using archival data
of Galaxy Evolution Explorer (GALEX). We found
358 PNe detected by GALEX in near-UV (NUV).
We have compiled a catalogue of 108 extended PNe
with sizes greater than 8′′ and provided the angu-
lar diameters for all the 108 extended PNe in NUV
and 28 in FUV from the GALEX images consid-
ering 3σ surface brightness level above the back-
ground. Of the 108 PNe, 74 are elliptical, 24 are
circular and 10 are bipolar in NUV with most be-
ing larger in the UV than in the radio, Hα or op-
tical. We derived luminosities for 33 PNe in FUV
(LFUV) and 89 PNe in NUV (LNUV) and found
that most of the sources are very bright in UV. The
FUV emission of the GALEX band includes contri-
bution from prominent emission lines N IV] (1487
Å), C IV (1550 Å), and O III] (1661 Å) whereas
the NUV emission includes C III] (1907 Å) and C
II (2325 Å) for PNe of all excitation classes. The
other emission lines seen in low excitation PNe are
O IV] (1403 Å) and N III (1892 Å) in FUV, and
O II (2470 Å) and Mg II (2830 Å) in NUV. Sim-
ilarly the emission lines O V (1371 Å) and He II
(1666 Å) strongly contribute in FUV for high and
medium excitation PNe but not for low excitation
PNe. A mixture of other emission lines seen in all
excitation PNe. We have also provided images of
34 PNe in NUV and 9 PNe in FUV. This work
has been done in collaboration with Swayamtrupta
Panda, Mudumba Parthasarathy, Jayant Murthy,

and Devendra K. Ojha.

Study of atomic spectroscopy and hyperfine struc-

ture of francium (Fr) isotopes using relativistic

Fock space multireference coupled cluster method

The electronic structure and properties of 210Fr,
212Fr, 221Fr and 223Fr isotopes have been stud-
ied using the relativistic Fock space multirefer-
ence coupled-cluster method. By employing this
method, we have determined the magnetic hyper-
fine constants for the loweset multiplets of francium
(Fr) isotopes with Dirac-Fock orbitals. We have
provided the data for the ionization potentials and
excitation energies for the Fr isotopes. The discrep-
ancies between our calculated values and the cor-
responding measured experimental values are less
than 2% (for energy). In addition, we also report
the transition probabilities and oscillator strengths
for the various allowed E1 transitions of Fr. The
estimated properties are in very good agreement
with the available experimental values. This work
has been done in collaboration with Madhulita Das.

Anirudh Pradhan

Friedmann-Robertson-Walker accelerating Uni-

verse with interactive dark energy

In this work, we study a model based on the cos-
mological principle which exhibits a transition from
deceleration to acceleration. We consider baryonic
matter, dark energy, and “curvature” energy. Both
baryonic matter and dark energy (DE) have vari-
able equations of state. It is assumed that dark en-
ergy interacts with and transforms energy to bary-
onic matter. An FRW universe filled with two flu-
ids has been discussed. The model is shown to
satisfy current observational constraints. This uni-
verse is at present in a phantom phase after passing
through a quintessence phase in the past. Various
cosmological parameters regarding the accelerating
universe have been presented. The evolution of DE,
Hubble, and deceleration parameters, etc. have
been described with the aid of figures. Our the-
oretical results have been compared with the SNe
Ia related union 2.1 compilation 581 data, and we
have observed that our derived model is in good
agreement with current observational constraints.
We have also explored the physical properties of
the model. This work has been done in collabo-
ration with Gopi Kant Goswami and Aroonkumar
Beesham



Anisotropic MHRDE model in BD theory of gravi-

tation

In this work, in the framework of the Brans-Dicke
gravitation theory, we propose to study the spa-
tially homogeneous, anisotropic and axially sym-
metric model filled with dark matter and dark en-
ergy. Here, we consider modified holographic Ricci
dark energy proposed by Chen and Jing as a fea-
sible state of darkness. To achieve a solution, we
consider the time-dependent deceleration param-
eter, which contributes to the average scale fac-
tor of a(t) = exp( 1

β

√
2βt + α), where α > 0 and

β > 0 are arbitrary constants. We have derived
field equations of Brans-Dicke theory of gravitation
with the help of an axially symmetric anisotropic
Bianchi-type spacetime. We have determined the
cosmological parameters, namely, deceleration pa-
rameter, matter energy density, anisotropic dark
energy density, BD scalar field skewness parame-
ter, EoS parameter, and jerk parameter. Here, the
various phenomena like the Big Bang, expanding
the universe, and shift from anisotropy to isotropy
are observed in the model. A comprehensive phys-
ical debate of these dynamic parameters is pro-
vided through a graphical representation. We ob-
serve that it is a quintessence model that exhibits
a smooth transition from decelerated stage to an
accelerated phase of the universe. This situation is
in complete agreement with the modern cosmology
scenario. Some physical and geometric behaviours
are also discussed and discovered to be in excellent
agreement with SNe Ia Supernova’s latest observa-
tions. This work has been done in collaboration
with Archana Dixit, and Shilpi Singhal

Prince P.R.

Investigations into solar flare effects using wavelet-

based local intermittency measure

The present study analyzes the efficiency of local
intermittency measure based on wavelet transforms
in identifying solar flare effects on magnetograms.
If we observe the flare-time features in geomag-
netic components, most often, disturbances associ-
ated with other solar phenomena will enhance or
mask the solar flare signatures. Similarly, diur-
nal and high-latitude geomagnetic variabilities will
suppress solar flare effects on magnetograms. The
measurements of amplitudes taken directly from
temporal variations of weak geomagnetic compo-
nents have certain limitations regarding the iden-

tification of the proper base and peak values from
which the deviation due to solar flare has to be
measured. In such situations, local intermittency
measure based on cross-wavelet analysis can be em-
ployed, which could remarkably identify the flare
effects, even if the signatures are weak or masked
by other disturbance effects. The present study
shows that local intermittency measure based on
wavelet analysis could act as an alternate quantifi-
cation technique for analyzing solar flare effects on
geomagnetic activity. This work has been done in
collaboration with Sumesh Gopinath.

A comparison of machine-learning techniques for

the prediction of the auroral electrojet index

The modern machine-learning models are a section
of artificially intelligent machines used to imple-
ment complex models, which can learn and im-
prove from experience with respect to certain class
of jobs, without being specifically programmed. In
the present analysis, a comparative study is made
of the popular machine-learning techniques regard-
ing the prediction of auroral activity as reflected by
the auroral electrojet AE index during geomagnet-
ically disturbed periods. The study also explores
the suitability of the online sequential version of the
best machine-learning algorithm, which has the po-
tential for real-time forecast of the AE index from
short-time input datasets with extremely fast con-
vergence than batch-training methods. The study
discusses the need for the correct choice of the in-
put dataset, that can be used for predicting the AE
index from several combinations of input datasets
which include coupling functions, geomagnetic in-
dices and solar wind parameters. The study reveals
that extreme learning machine and its online se-
quential version are promising models, which could
predict the AE index extremely fast with a high de-
gree of accuracy even during disturbance periods.
The study also shows that the choice of the polar
cap PC index as an input parameter is extremely
important for an accurate prediction of the AE in-
dex. This work has been done in collaboration with
Sumesh Gopinath.

Anisur Rahaman

Chiral Schwinger model with Faddeevian anomaly

and its BRST quantization

We consider chiral Schwinger model with Faddee-
vian anomaly, and carry out the quantization of



both the gauge-invariant and non-invariant version-
Theoretical spectra have been determined both in
the Lagrangian and Hamiltonian formulation and
a necessary correlation between these two is made.
BRST quantization using BFV formalism has been
executed, which shows spontaneous appearance of
Wess-Zumino term during the process of quantiza-
tion. The gauge invariant version of this model in
the extended phase space is found to map onto the
physical phase space with the appropriate gauge
fixing condition. This work has been done in col-
laboratio with Sanjib Ghosal.

Role of Faddeevian anomaly in the s-wave scatter-

ing of chiral Fermion off dilaton black holes towards

preservation of information

It was found that s-wave scattering of chiral
Fermion off dilaton black-hole when studied with a
model generated from the chiral Schwinger model
with standard Jackiw-Rajaraman type of anomaly
provided information non-preserving result. How-
ever, this scattering problem when studied with a
model generated from chiral Schwinger model with
generalized Faddeevian type of anomaly rendered
information preserving result and it had well agree-
ment with Hawking’s revised proposal related to
information loss. A minute and equitable investi-
gation in detail has been carried out here to show
how Faddeevian type of anomaly scores over the
Jackiw-Rajaraman type of anomaly in connection
with the s-wave scattering of chiral fermion of dila-
ton black-hole related to preservation of informa-
tion.

Farook Rahaman

Gravitational collapse of an interacting vacuum en-

ergy density with an anisotropic fluid

We investigate the effects of anisotropic pressure
on the gravitational collapse of spherically sym-
metric, gravitational bound objects. The concept
of a pressure anisotropy in stellar models is pro-
duced by a large set of physical phenomena in high
density regimes. We consider a gravitational col-
lapse process of the anisotropic fluid interacting
with a growing vacuum energy density. We con-
sider the full general-relativistic treatment of this
problem, and obtain exact solutions for various
forms of the equation of state (k, l) : pt = kρ and
pr = lρ, (l+2k) < −1 connecting the tangential and
radial pressures respectively. This work has been

done in collaboration with Harsat Hussain Shah,
Amna Ali, and Sabiruddin Molla.

Einstein’s cluster mimicking compact star in the

teleparallel equivalent of general relativity

The Teleparallel Gravity (TEGR) is an alternative
formulation of gravity which uses tetrads as the
dynamical variables. First, we develop the Ein-
stein clusters in TEGR field equations using effec-
tive energy-momentum tensor for diagonal as well
as off-diagonal tetrad. We then study the clusters
in modified f(T ) gravity for anisotropic fluid dis-
tribution. We further study the solution without
net electric charge and then for charged solution.
For charge parameter k → 0, the charged solution
reduces to neutral one. Our calculations show that
when charge increases, the stiffness of the EoS also
increases. This is due to increase in adiabatic in-
dex and sound speed approaching speed of light.
When the charge increases beyond a certain limit
(0 ≤ k ≤ 1.3 × 10−5 and 0 ≤ k ≤ 1 × 10−6), the
compactness parameter crosses the Buchdahl limit,
i.e., 2M/R > 8/9, and the solution starts violat-
ing the causality condition. We test the Tolman-
Oppenheimer-Volkoff (TOV) limit for such com-
pact objects. We analyze the static stability cri-
terion of the Einstein clusters for both charged and
uncharged case, and the stability of such compact
objects is enhanced by the presence of some net
electric charge. In addition, we present and dis-
cuss the energy conditions, causality condition and
the adiabatic index close to the stability limit. Af-
ter analyzing these problems, we conclude that the
Einstein clusters do exists only if f(T ) is a linear
function of the torsion scalar T , that is, in the case
of Teleparallel equivalent of General Relativity. Fi-
nally, we compare our solution for pure general rel-
ativity. As a result, we concluded that the Einstein
cluster solution do exist in pure GR, however, phys-
ically unfit to mimic compact stars. We have also
extend our findings by assuming the diagonal or off-
diagonal tetrad and specific case of f(T ). In such
models, Einstein’s cluster solutions do exist, how-
ever, can’t mimic the properties of a compact star.
This work has been done in collaboration with Ksh.
Newton Singh, and Ayan Banerjee.



Shantanu Rastogi

Seasonal heterogeneity in aerosol optical properties

over the subtropical humid region of northern India

First-ever measurements and study of aerosol op-
tical properties from a subtropical humid region of
the eastern part of the central Indo-Gangetic Plain
(IGP), Gorakhpur (26.75N, 83.38E, 85m amsl) is
presented. Four years, March 2014-February 2018,
of columnar aerosol optical measurements, using
a multi-wavelength solar radiometer (MWR), are
analyzed to examine temporal and seasonal het-
erogeneity in aerosol optical properties, and to as-
certain aerosol types over the study region along
with their seasonal contribution. Average colum-
nar aerosol optical depth at 500 nm (AOD500) is
0.65 ± 0.27, with highest seasonal mean (0.73 ±
0.30) during pre-monsoon (PM) and lowest sea-
sonal mean (0.59 ± 0.25) during monsoon (M) sea-
son. During PM season, more than 50% of AOD500
values are greater than 0.7 indicating high aerosol
loading over the study region. Large variability in
Angstrom exponent (α) and atmospheric turbid-
ity (β) from 0.12 to 2.26 and 0.05 to 1.34, with
mean value of 0.92 ± 0.27 and 0.37 ± 0.14, re-
spectively, indicates heterogeneous aerosol emission
sources and turbid atmosphere over the study re-
gion. Higher α (>1) during post-monsoon (PoM)
and winter (W) seasons indicate predominance of
fine mode aerosols, whereas lower α (<0.7) dur-
ing PM season indicate prevalence of coarser mode
aerosols, over the study region. Aerosols of ur-
ban/industrial and biomass burning origins (UB)
have maximum contribution during PoM (71.4%)
and W (56.2%) seasons, while more than 25% of
mixed type (MT) aerosols are observed throughout
the study period with maximum contribution ob-
served during M (63%) season. AOD retrieved from
MWR and that from MODerate-resolution Imag-
ing Spectroradiometer (MODIS) compare reason-
ably well with a correlation coefficient of 0.66. This
work has been done in collaboration with Prayagraj
Singh, Aditya Vaishya, and Suresh Babu.

C. D. Ravikumar

Co-evolution of nuclear rings, bars and the central

intensity ratio of their host galaxies

We study a sample of 13 early-type spiral galax-
ies hosting nuclear rings and report remarkable
correlations between the properties of the nuclear

rings, and the newly discoverd central intensity ra-
tio (CIR) of their host galaxies. The CIR is a
purely photometric quantity involving intensities
of light within the central 1.5 and 3 arcsec region
of a galaxy, and is found to be a vital parame-
ter in galaxy evolution, as it shares strong corre-
lations with many structural and dynamical prop-
erties of early-type galaxies, including mass of the
central supermassive black hole (SMBH). They ob-
serve strong correlations of CIR with the relative
sizes of nuclear rings and ring cluster surface den-
sities, which suggest reduced star formation in the
centres of galaxies hosting small and dense nuclear
rings. There is signicant connection observed be-
tween the CIR and bar strengths. In addition, we
observe that the CIR is closely related with the in-
tegrated properties of the stellar population in the
nuclear rings, associating the rings hosting older
and less massive star clusters with low values of
CIR. Thus, the CIR serves as a crucial parameter
in unfolding the coupled evolution of bars and rings
in galaxies. This study has been done in collabo-
ration with S. Aswathy.

Saibal Ray

Study on charged strange stars in f (R,T) gravity

We investigate the effects of the modified f(R, T )
gravity on the charged quark stars for the stan-
dard choice of f(R, T ) = R + 2χT . These
types of stars are supposed to be made of strange
quark matter (SQM), whose distribution is gov-
erned by the phenomenological MIT bag EoS as
p = 1/3(ρ − 4B), where B is the bag constant,
while the form of charge distribution is chosen to
be q (r) = Q (r/R)3 = αr3 with α as a constant.
We derive the values of the unknown parameters
by matching the interior spacetime to the exte-
rior Reissner-Nordström metric followed by the ap-
propriate choice of the values of the parameters
χ and α. The study under the f(R, T ) gravity
reveals that besides SQM, a new kind of matter
distribution originates due to the interaction be-
tween the matter and the geometric term, while the
modification of the Tolman-Oppenheimer-Volkoff
(TOV) equation invokes the presence of a new
force Fc. The accumulation of the electric charge
distribution reaches its maximum at the surface,
and the predicted values of the corresponding elec-
tric charge and electric field are in the order of
1019−20 C and 1021−22 V/cm, respectively. To ex-



amine the physical validity of the solutions, we per-
form tests of energy conditions, stability against
the equilibrium of forces, adiabatic index, etc.,
and find that the proposed f(R, T ) model sur-
vives from all these critical tests, and hence, not
only can explain the non-singular charged strange
stars but also viability of the supermassive com-
pact stellar objects having their masses beyond the
maximum mass limit for the compact stars in the
standard scenario. Therefore, the present f(R, T )
gravity model seems promising regarding existence
of several exotic astrophysical objects, like super-
Chandrasekhar white dwarfs, massive pulsars, and
even magnetars, which remain unexplained in the
framework of general relativity (GR). This work
has been studied in collaboration with Debabrata
Deb, Sergei V. Ketov, and Maxim Khlopove.

Inflation in anisotropic brane universe using

tachyon field

Cosmological solution to the gravitational field
equations in the generalized Randall-Sundrum
model for an anisotropic brane with Bianchi I ge-
ometry and perfect fluid as matter sources has been
considered. The matter on the brane is described
by a tachyonic field. The solution admits inflation-
ary era, and at a later epoch the anisotropy of the
universe washes out. We obtain two classes of cos-
mological scenario, in the first case universe evolves
from singularity, and in the second case universe
expands without singularity. This work has been
done in collaboration with Rikpratik Sengupta.

Prabir Rudra

Dynamical system analysis of generalized energy-

momentum-squared gravity

In this work, we have investigated the dynamics
of a recent modification to the general theory of
relativity, the energy-momentum squared gravity
model f(R,T2), where R represents the scalar cur-
vature and T2 the square of the energy-momentum
tensor. By using dynamical system analysis for
various types of gravity functions, we have stud-
ied the structure of the phase space and the physi-
cal implications of the energy–momentum squared
coupling. In the first case of functional where
f(R,T2) = f0R

n(T2)m, with f0 constant, we have
shown that the phase space structure has a reduced
complexity, with a high sensitivity to the values of
m and n parameters. Depending on the values of

m and n parameters, the model exhibits various
cosmological epochs, corresponding to matter eras,
solutions associated to an accelerated expansion,
or decelerated periods. The second model stud-
ied corresponds to the f(R,T2) = αRn + β(T2)

m

form with α, β constant parameters. In this case, a
richer phase space structure is obtained, which can
recover different cosmological scenarios, associated
to matter eras, deSitter solutions, and dark energy
epochs. Hence, this model represents an interest-
ing cosmological model which can explain the cur-
rent evolution of the universe and the emergence of
the accelerated expansion as a geometrical conse-
quence. This work has been done in collaboration
with Sebastian Bahamonde, and Mihai Marciu.

Gravitational baryogenesis in Horava-Lifshitz grav-

ity

In this work, we intend to address the matter-
antimatter asymmetry via the gravitational baryo-
genesis mechanism in the background of a quan-
tum theory of gravity. We investigate this mecha-
nism under the framework of Horava-Lifshitz grav-
ity. We compute the baryon-to-entropy ratio in
the chosen framework and investigate its physical
viability against the observational bounds. We also
conduct the above study for various sources of mat-
ter like scalar field and Chaplygin gas as specific
examples. We infer that quantum corrections from
the background geometry will lead to interesting
results. This work has been done in collaboration
with Sayani Maity.

Sanjay K. Sahay

An overview of deep learning architecture of deep

neural networks and autoencoders

Recently, deep learning has shown great progress
in multiple fields, but to perform optimally, it re-
quires the adjustment of various architectural fea-
tures and hyper-parameters. Moreover, deep learn-
ing could be used with multiple varieties of ar-
chitecture aimed at different objectives, e.g., au-
toencoders are popular for un-supervised learning
applications for reducing the dimensionality of the
dataset. Similarly, deep neural networks are pop-
ular for supervised learning applications viz., clas-
sification, regression, etc. Besides the type of deep
learning architecture, some other decision criteria
and parameter selection decisions are required for
determining the number of layers, size of each layer,



activation and loss functions for different layers, op-
timizer algorithm, regularization, etc. Thus, this
work aims to cover different choices available un-
der each of these major and minor decision criteria
for building a neural network, and training it opti-
mally to effectively serve the objectives, e.g., mal-
ware detection, natural language processing, image
recognition, etc. This work has been done in collab-
oration with Mohit Sewak, and Hemant Rathore

Secure and energy-efficient key-agreement protocol

for multi-server architecture

Authentication schemes are practiced globally to
verify the legitimacy of users and servers for the
exchange of data in different facilities. Generally,
the server verifies a user to provide resources for dif-
ferent purposes. But due to the large network sys-
tem, the authentication process has become com-
plex and therefore, time-to-time different authenti-
cation protocols have been proposed for the multi-
server architecture. However, most of the protocols
are vulnerable to various security attacks and their
performance is not efficient. In this work, we pro-
pose a secure and energy-efficient remote user au-
thentication protocol for multi-server systems. The
results show that the proposed protocol is com-
paratively ∼44 % more efficient and needs ∼38 %
less communication cost. We also demonstrate that
with only two-factor authentication, the proposed
protocol is more secure from the earlier related au-
thentication schemes. This work has been done in
collaboration with Trupil Limbasiya

Sandeep Sahijpal

Evolution of the galaxy and the origin of the solar

system

We have developed galactic chemical evolution
(GCE) models of the short-lived radio nuclides
(SLRs), 26Al, 36Cl, 41Ca, 53Mn, and 60Fe, across
the entire Milky Way galaxy. The objective was to
understand the spatial and temporal distribution of
the SLRs in the galaxy. Based on the formulation,
we provide a novel method to amalgamate the ori-
gin of the solar system with the gradual evolution
of the galaxy along with a self-consistent origin of
SLRs. We have explored the possibility of the birth
of the solar system in an environment where one of
the stellar clusters formed 25 Myr earlier. The de-
caying 53Mn and 60Fe remnants from the evolved

massive stars from the cluster probably contami-
nated the local medium associated with the preso-
lar molecular cloud. A Wolf-Rayet wind from a
distant massive star, belonging to a distinct clus-
ter, probably contributed, 26Al (and 41Ca) to the
presolar cloud. This work has been done in collab-
oration with Tejpreet Kaur.

Thermodynamics of dust condensation in astro-

physical environments

We have performed comprehensive thermodynam-
ical calculations of the condensation of dust grains
around Wolf-Rayet (WR). A novel numerical code
has been developed for dust condensation. It was
found that mostly C (graphite), TiC, SiC, AlN,
CaS and Fe-metal were condensed in WR winds.
The results indicate that dust grains that are con-
densed in the WC phase may make a substantial
contribution of carbon-rich dust grains to the in-
terstellar medium. We have also performed a com-
prehensive correlated study of the thermodynam-
ics condensation of dust grains in distinct stellar
environments with the galactic chemical evolution
of the Milky Way galaxy. Based on the elemen-
tal composition of the evolving Galaxy, the rela-
tive abundances of the major constituents of in-
terstellar dust are assessed. The supernovae SN
Ia are predicted as the most prominent sources of
Fe-dust mass, the supernovae SN II + Ib/c pro-
duces oxides and silicate dust mass, and the AGB
stars contributes to carbonaceous dust mass. This
is studied in collaboration with Anuj Gupta.

Biplob Sarkar

Effect of magnetic flux advection on the dynamics

of shock in accretion flow around a rotating black

hole

We investigate the dynamical behaviour of a mag-
netized, dissipative, accretion flow around a rapidly
rotating black hole. We solve the magnetohydro-
dynamic equations, and calculate the transonic ac-
cretion solutions which may contain discontinuous
shock transitions. We investigate the effect of ζ−
parameter (parametrizing the radial variation of
the toroidal magnetic flux advection rate) on the
dynamical behaviour of shocks. For a rapidly rotat-
ing black hole and for fixed injection parameters at
the outer edge, we show that stationary shocks are
sustained in the global magnetized accretion solu-
tions for a wide range of ζ and accretion rate (ṁ).



To investigate the observational implications, we
consider dissipative shocks and estimate the maxi-
mum accessible energy from the post-shock corona
(PSC) for nine stellar mass black hole candidates.
We compare this with the observed radio jet ki-
netic power reported in the literature, whenever
available. We find close agreement between the es-
timated values from our model with those reported
in the literature This work has been done in col-
laboration with Anjali Rao.

Rathin Sarma and Amit Pathak

NuSTAR observation of Ark 564 reveals the varia-

tion of coronal temperature with flux

The hard X-ray spectral index of some AGNs has
been observed to steepen with the source flux. This
has been interpreted in a thermal Comptonization
scenario, where an increase in the soft flux de-
creases the temperature of the corona, leading to
steepening of the photon index. However, the vari-
ation of the coronal temperature with flux has been
difficult to measure due to the presence of complex
reflection component in the hard X-rays and the
lack of high-quality data at that energy band. Re-
cently, a 200 ks NuSTAR observation of Ark 564 in
3–50 keV band, revealed the presence of one of the
coolest coronae with temperature kTe ∼ 15 keV in
the time-averaged spectrum. Here, we re-analyse
the data and examined the spectra in four flux lev-
els. Our analysis shows that the coronal tempera-
ture decreased from ∼ 17 to ∼ 14 keV as the flux
increased. The high energy photon index Γ ∼ 2.3
varied by less than 0.1, implying that the optical
depth of the corona increased by about 10% as the
flux increased. This first reporting of coronal tem-
perature variation with flux shows that further long
observation by NuSTAR of this and other sources
would shed light on the geometry and dynamics
of the inner regions of the accretion flow. This
work is done in collaboration with Samuzal Barua,
Vadakkumthani Jithesh, Ranjeev Misra, and Gu-
lab C. Dewangan.

Asoke Kumar Sen

Spectroscopic survey of H-alpha emission line stars

associated with bright-rimmed clouds

The results of a spectroscopic survey of Hα emis-
sion line stars associated with fourteen bright

rimmed clouds are presented. Slit-less optical spec-
troscopy was carried out with the IUCAA Girawali
Obervatory 2 m telescope, and IUCAA Faint Ob-
ject Spectrograph and Camera (IFOSC). Hα emis-
sion line was detected from 173 objects. Among
them, 85 objects have a strong Hα emission line
with its equivalent width larger than 10 A. Those
are classical T Tauri stars. 52 objects have a weak
Hα emission line with its equivalent width less than
10 A and do not show intrinsic near-infrared ex-
cess. Those are weak-line T Tauri stars. On the
other hand, 36 objects have a weak Hα emission
line (< 10A), although they show intrinsic near-
infrared excess. Such objects are not common in
low-mass star forming regions. Those are misfits
of the general concept on formation process of a
low-mass star, in which it evolves from a classi-
cal T Tauri star to a weak-line T Tauri star. Those
might be weak-line T Tauri stars with a flared disk,
in which gas is heated by ultraviolet radiation from
a nearby early-type star. Alternatively, we pro-
pose pre-transitional disk objects as their evolu-
tional stage. This work has been done in collabo-
ration with Kensuke Hosoya, Yoichi Itoh, Yumiko
Oasa, and Ranjan Gupta.

Photometry and colour index of Comet

67P/Churyumov-Gerasimenko on 2015 December

12

Comet 67P/Churyumov-Gerasimenko (hereafter,
67P) was observed on 12 December 2015, from 2
m Himalayan Chandra Telescope in India in pho-
tometry to study its dust properties, using Bessell
R and I filters. We study the photometric images
to highlight coma structures and jets. The radial
decrease in intensity in the different coma struc-
tures are compared to the azimuthally integrated
intensities. The observations of the slopes show a
quasi-steady-state coma to an optocentric distance
of about 20,000 km. The change in the slopes in
the structures indicates changing properties of the
dust particles and/or change in their local size dis-
tributions. Comparison of the radial decrease in
the two wavelengths suggests a change in the local
colour-index. Based on the absolute photometry
carried out in the present work, we calculate the
reddening of the comet dust, which helps to char-
acterize variations in the size and the materials of
the particles. The colour-index is calculated for
different apertures and regions in the coma (0.40
± 0.07 mag) for a 22,000 diameter aperture. A



colour map is constructed showing the variation of
the colour-index through the coma. Changes ap-
pear at the transition between the coma and the
tail with a low colour-index (< 0.3 mag) close to
the optocentre and further away increasing up in
the tail direction (about 0.45 mag at 10 000 km).
We interpret these changes in terms of dust prop-
erties, and we compare our results to other remote
observations of 67P including in situ Rosetta ob-
servations This work has been done in collabora-
tion with Edith Hadamcik, Robert Botet, Jeremie
Lasue, Saumyadeep Roy Choudhury, and Ranjan
Gupta.

T. R. Seshadri

Probing magnetic field in high-redshift galaxies us-

ing background quasars

We probed the magnetic fields in high-redshift
galaxies using excess extragalactic contribution to
residual rotation measure (rrm) for quasar sight-
lines with intervening Mg ii absorbers. For this
purpose, archival data for 1,132 quasars have been
used and the spread in the rrm has been com-
puted. The lines-of-sight to the quasar could pass
through intermediate galaxies. If this happens, one
also expected to see an absorption in MgII. If there
are more than one such intermediate systems, one
expects such absorption features at different red-
shifts. We have found the spread to be 17.1±0.7
rad m−2 for 352 sightlines having Mg ii interven-
ing absorbers in comparison to its value of 15.1±0.6
rad m−2 for 780 sightlines without such absorbers,
resulting in an excess broadening (σex

rrm) of 8.0±1.9
rad m−2 among these two subsamples. This value
of σex

rrm, has allowed us to constrain the average
strength of magnetic field (rest frame) in high red-
shift galaxies responsible for these Mg ii absorbers,
to be ∼ 1.3±0.3μG at a median redshift of 0.92. A
similar analysis was done on subsample split based
on the radio spectral index, α, (with Fν ∝ να).
The spectral index α was found to be greater than
or equal to −0.3 for 315 sources and ≤ −0.7 for
476 sources. The former shows a significant σex

rrm

(at 3.5σ level) and is absent in latter. An anti-
correlation found between the σmd

rrm and percentage
polarisation (p) with similar Pearson correlation of
−0.62 and −0.87 for subsample with and without
Mg ii, respectively, suggests main contribution for
decrements in the p value to be intrinsic to the lo-
cal environment of quasars. This work has been

done in collaboration with Sunil Malik, and Hum
Chand.

Constraining the spectral index of density perturba-

tions from primordial black holes

Primordial Black Holes (PBHs) could be formed
due to the collapse of the inhomogeneities that were
generated during inflation in the early universe.
Their evaporation can lead to energy injection in
the universe. By using the current results of the
baryon-photon ratio obtained from BBN and CMB
observations, we impose constraints on the spec-
tral index of perturbations on those small scales
that cannot be estimated through CMB anisotropy
and CMB distortions. The masses of the PBHs
constrained in this study lie in the range of 109

and 1011g, which corresponds to those PBHs whose
maximal evaporation took place during the red-
shifts 106 < z < 109. It is shown that the up-
per bound on the scalar spectral index, ns can be
constrained for a given threshold value, ζth, of the
curvature perturbations for PBHs formation. Us-
ing Planck results, We obtained constraints on the
scalar spectral index, ns to be less than 1.309 for
ζth = 0.7 and ns < 1.334 for ζth = 1.2, respectively.
We have also estimated the the density fraction
that has contributed to the formation of PBH. This
work is carried out in collaboration with Gaveshna
Gupta, and Ramkishor Sharma.

Mohit Kumar Sharma

Transfer of radiation in the formic acid - A precur-

sor for amino acids

Formic acid (HCOOH), a simplest carboxylic acid,
has great importance as it is a precursor for amino
acids (constituents of life). It has two rotameric
isomers: trans-HCOOH and cis-HCOOH, each of
which lies in a plane due to the delocalization of π-
electrons over the heavy atom chain. In each of the
isomers, the electric dipole moment is aligned such
that there are both a and b type rotational tran-
sitions. Further, the energy levels in each type of
transitions can be classified into two groups. Thus,
there are 8 groups in which the rotational transi-
tions of formic acid may be classified. The trans-
HCOOH is detected in Sgr B2, cold dark cloud
L134N, Sgr A, comet Hale-Bopp, Orion KL, W51,
IRAS 16293-2422 through its a-type transitions.
Because of very small value of b-component of elec-
tric dipole moment, the b-type transitions of trans-



HCOOH may not be detected. To our knowledge,
no transitions of cis-HCOOH are yet detected in the
interstellar medium, though a and b components of
its electric dipole moment are quite large.

Using spectroscopic data of trans-HCOOH and
cis-HCOOH, we have calculated energies of 100 ro-
tational levels for each of the 8 groups, and the ra-
diative transition probabilities (Einstein A and B
coefficients) for radiative transitions between the
levels. Since the rate coefficients for collisional
transitions between the levels are not available, by
using the scaled values for them along with the ra-
diative transition probabilities, we have solved a
set of 100 statistical equilibrium equations coupled
with the equations of radiative transfer for each
group. We have investigated intensities of 16 ob-
served a-type transitions and 12 b-type transitions
of trans-HCOOH. We have also found six transi-
tions, 110−111 (1.405 GHz), 212−303 (7.545 GHz),
312 − 303 (79.744 GHz), 321 − 312 (222.287 GHz),
111 − 202 (30.843 GHz) and 413 − 404 (82.740 GHz)
of cis-HCOOH showing anomalous absorption and
nine transitions 414 − 313 (85.042 GHz), 515 − 414

(106.266 GHz), 303 − 202 (65.840 GHz), 404 − 303

(87.694 GHz), 505 − 404 (109.470 GHz), 505 − 414

(40.778 GHz), 707 − 616 (90.910 GHz), 404 − 313

(16.350 GHz) and 606 − 515 (65.661 GHz) of cis-
HCOOH showing emission feature. These transi-
tions of cis-HCOOH in addition to those of trans-
HCOOH may help in the identification of HCOOH
in a cosmic object.

LVG analysis of amidogen radical (NH2) found in

interstellar medium and in cometary material

Amidogen (NH2), a b-type asymmetric top
molecule with electric dipole moment 1.82 ± 0.05
Debye, is detected in Sgr B2, in high-mass star-
forming regions W31C (G10.6-0.4), W49N (G43.2-
0.1), W51 (G49.5-0.4), G34.3+0.1, and in several
comets. Because of two hydrogen atoms, each with
nuclear spin 1/2, its rotational energy levels can be
classified into ortho and para groups. We have not
considered for fine structure splitting and hyper-
fine structure splitting of rotational levels. For 15
rotational levels in the ground vibrational state,
having energy up to 400 cm−1, for each specie, the
energies of rotational levels, and Einstein A and
B coefficients for radiative transitions between the
levels are calculated, using accurate values of spec-
troscopic data. These radiative transition probabil-
ities along with the collisional rate coefficients (ob-

tained from a scaling law) are employed as input
parameters for solving a set of statistical equilib-
rium equations coupled with the equations of ra-
diative transfer for each group. Several emission
lines produced by amidogen are found. For each
specie of NH2, we have considered some strongest
emission lines along with the observed one, which
may help for identification of NH2 in the interstel-
lar medium (ISM) and in the cometary material.

Ranjan Sharma

Revisiting Vaidya-Tikekar stellar model in the lin-

ear regime

In this work, we have developed a new class of
solutions describing the interior of a spherically
symmetric static star composed of an anisotropic
matter distribution by revisiting the Vaidya and
Tikekar stellar model in the linear regime. The
Vaidya and Tikekar ansatz is characterized by a
geometric feature that time t = constant hypersur-
face of the associated spacetime when embedded in
a 4-Euclidean space becomes spheroidal. Physical
viability of the subsequent stellar model has been
analyzed. Impact of the curvature parameter K
of the Vaidya and Tikekar ansatz, which charac-
terizes the departure from spherical geometry, on
the mass-radius relationship of the star has been
probed. In the context of density dependent bag
model for strange stars, a corelation between the
curvature parameter K, the bag constant B, the
mass M and the radius R of some of the well known
strange star candidates like Her X-1, RX J1856-
37 and SAX J1808.4 have been investigated. The
possibility of fine-tuning these parameter based on
observational data has been outlined. This work
is done in collaboration with Shyam Das, Megan
Govender, and Dishant M. Pandya.

Anisotropic generalization of Vaidya-Tikekar su-

perdense stars

Exact solutions to Einstein field equations corre-
sponding to various astrophysical systems and their
physical interpretation are of prime significance for
our understanding of gross physical features of rel-
ativistic compact objects. In this work, the authors
have developed a new class of solutions describing
the interior of a superdense relativistic star com-
posed of an anisotropic matter distribution with
spheroidal spatial hypersurface. Thus, the new
class of solutions may be treated as an anisotropic



generalization of the Vaidya and Tikekar super-
dense stellar model. In this treatment, the Ein-
stein field equations have been solved in terms of
hypergeometric functions. Subsequently, for par-
ticular parameter choices, the solutions have been
expressed in terms of elementary functions. In
this treatment, stellar systems with is tropic pres-
sure can be generated in the limit of vanishing
anisotropy. Consequently, some of the well known
superdense star models, which are isotropic and
have specific spheroidal geometries have been re-
gained. The impact of anisotropy on the gross
physical properties of a compact star has been an-
alyzed. This work is done in collaboration with S.
Thirukkanesh, and Sunil D. Maharaj.

Gyan Prakash Singh

Variable Chaplygin gas cosmologies in f(R, T )
gravity with particle creation

A flat FLRW cosmological model with perfect fluid
comprising of variable Chaplygin gas has been
studied in the context of f(R, T ) gravity with par-
ticle creation. The solutions of the modified field
equations are obtained through three different con-
sidered form of scale factors. The effective pres-
sure is negative throughout the evolution of uni-
verse, which leads to accelerated expansion of the
universe. In addition to that, we have also dis-
cussed the importance of particle creation pres-
sure on the cosmological parameters, energy con-
ditions and state-finder diagnostic parameters. It
is noticed that, the time evolution of source func-
tion yields almost constant particle production at
late times.This work has been done in collaboration
with Nikhil Hulke, Binaya K. Bishi, and Ashutosh
Singh.

Harinder Pal Singh

The tale of the Milky Way Globular Cluster NGC

6362 – I. The orbit and its possible extended star

debris features as revealed by Gaia DR2

We report the identification of possible extended
star debris candidates beyond the cluster tidal
radius of NGC 6362 based on the second Gaia

data release (Gaia DR2). We found 259 objects
possibly associated with the cluster lying in the
vicinity of the giant branch and 1–2 magnitudes
fainter/brighter than the main-sequence turn-off in
the cluster colour-magnitude diagram, and which

cover an area on the sky of ∼4.1 deg2 centered
on the cluster. We traced back the orbit of NGC
6362 in a realistic Milky-Way potential, using the
GravPot16 package, for 3 Gyrs. The orbit shows
that the cluster shares similar orbital properties as
the inner disk, having peri-/apo-galactic distances,
and maximum vertical excursion from the Galactic
plane inside the corotation radius (CR), moving in-
wards from CR radius to visit the inner regions of
the Milky Way. The dynamical history of the clus-
ter reveals that it has crossed the Galactic disk sev-
eral times in its lifetime and has recently undergone
a gravitational shock, ∼ 15.9 Myr ago, suggesting
that less than 0.1% of its mass has been lost during
the current disk-shocking event. Based on the clus-
ter’s orbit and position in the Galaxy, we conclude
that the possible extended star debris candidates
are a combined effect of the shocks from the Galac-
tic disk and evaporation from the cluster. Lastly,
the evolution of the vertical component of the an-
gular momentum shows that the cluster is strongly
affected dynamically by the Galactic bar poten-
tial. This work has been done in collaboration with
Richa Kundu, Jose G. Fernndez-Trincado, Dante
Minniti, Edmundo Moreno, Cline Reyl et, al.

Unveiling Vela - variability of interstellar lines in

the direction of the Vela supernova remnant - III.

Na D and Ca II K

High-resolution optical spectra were obtained in
2017-2019 with the Southern African Large Tele-
scope of fifteen stars in the direction of the Vela
supernova remnant. Interstellar Ca ii H and K
and Na i D lines are discussed. In particular,
the line profiles are compared with profiles at a
comparable spectral resolution obtained in 1993-
1996 by Cha and Sembach. Ten of the lines of
sight show changes to one or more of the compo-
nents in that line of sight. Changes include small
changes (1-2 km s−1) in radial velocity and/or
increases/decreases in equivalent width over the
two decades between the periods of observation.
Changes are more obvious in the Ca K line than in
the Na D lines. These changes are attributed to gas
disturbed by interactions between the supernova
ejecta and the surrounding interstellar medium.
A representative timescale may be 20-50 years.
Small-scale variations in line profiles across the face
of the remnant suggest, as previously remarked
that a linear scale for interactions is a small fraction
of the 40 pc size of the present remnant.



K. Surendra Nadh Somala

Effect of induced seismicity on advanced gravita-

tional wave interferometers

Advanced LIGO and the next generation of
ground-based detectors aim to capture many more
binary coalescences through improving sensitivity
and duty cycle. Earthquakes have always been a
limiting factor at low frequency where neither the
pendulum suspension nor the active controls pro-
vide sufficient isolation to the test mass mirrors.
Several control strategies have been proposed to re-
duce the impact of teleseismic events by switching
to a robust configuration with less aggressive feed-
back. The continental United States has witnessed
a huge increase in the number of induced earth-
quake events primarily associated with hydraulic
fracking-related waste water re-injection. Effects
from these differ from teleseismic earthquakes pri-
marily because of their depth which is in turn
linked to their triggering mechanism. In this work,
we discuss the impact caused due to these low mag-
nitude regional earthquakes and explore ways to
minimize the impact of induced seismicity on the
detector. This work has been done in collaboration
with K. Nikhil Mukund, Brian OReilly, and Sanjit
Mitra.

Karthik Sriram

Constraining the coronal heights and readjustment

velocities based on the detection of a few hundred

seconds delays in the Z source GX 17+2

Neutron star Z-type sources provide a unique plat-
form in order to understand the structure of ac-
cretion disk-corona geometry emitting close to the
Eddington luminosity. Using RXTE and Nuclear
Spectroscopic Telescope Array mission (NuSTAR)
satellite data, we performed cross correlation func-
tion (CCF) studies in GX 17+2 in order to con-
strain the size of the corona responsible for hard X-
rays. From the RXTE data, we found that during
horizontal and normal branches, the CCFs showed
anti-correlated hard (16-30 keV) and soft (2-5 keV)
X-ray delays of the order of a few tens to hun-
dred seconds with a mean correlation coefficient of
0.42±0.11. A few observations show correlated lags
and on one occasion, coincident with radio emis-
sion. We also report an anti-correlated hard X-
ray delay of 113± 51 s using the NuSTAR data of
GX 17+2. Based on RXTE data, we find that soft

and hard X-ray fluxes are varying, indicating the
changes in the disk-corona structure during delays.
We bridle the size of the corona using relativistic
precession, transition layer models, and boundary
layer models. Assuming the delays to be a readjust-
ment time scale of the disk-corona structure, the
height of the corona was estimated to be 17-100 km.
Assuming that the inner region of the truncated
disk is occupied by the corona, we constrain the
coronal readjustment velocities (vcorona = βvdisk,
where vdisk is the radial velocity component of the
disk) of the order of β = 0.06 − 0.12. This study
indicates that the observed delays are primarily de-
pendent on the varying coronal readjustment veloc-
ities. This has been studied in collaboration with
Siddhart Malu, and Changhwan S. Choi.

L. Sriramkumar

Viable scalar spectral tilt and tensor-to-scalar ratio

in near-matter bounces

In a recent work, we constructed a model consist-
ing of two fields—a canonical scalar field and a
non-canonical ghost field—that sourced a symmet-
ric matter bounce scenario. The model involved
only one parameter, viz. the scale associated with
the bounce. For a suitable value of the parame-
ter, the model led to strictly scale-invariant power
spectra with a COBE normalized scalar amplitude
and a rather small tensor-to-scalar ratio. In this
work, we extend the model to achieve near-matter
bounces, which contain a second parameter apart
from the bounce scale. As the new model does not
seem to permit analytical evaluation of the scalar
modes near the bounce, with the aid of techniques
that we used in our earlier work, we compute the
scalar and the tensor power spectra numerically.
For appropriate values of the additional parame-
ter, we find that the model produces red spectra
with a scalar spectral tilt and a small tensor-to-
scalar ratio, which are consistent with the recent
observations of the anisotropies in the cosmic mi-
crowave background by Planck. This work is done
in collaboration with Rathul Nath Raveendran.

Can non-minimal coupling restore the consistency

condition in bouncing universes?

An important property of the three-point functions
generated in the early universe is the so-called con-
sistency condition. According to the condition, in
the squeezed limit wherein the wave number of one



of the three modes (constituting the triangular con-
figuration of wave vectors) is much smaller than the
other two, with which the three-point functions can
be completely expressed in terms of the two-point
functions. It is found that while the consistency
condition is mostly satisfied by the primordial per-
turbations generated in the inflationary scenario,
it is often violated in the bouncing models. The
validity of the consistency condition in the context
of inflation can be attributed to the fact that the
amplitude of the scalar and tensor perturbations
freezes on super-Hubble scales. Whereas, in the
bouncing scenarios, the amplitude of the scalar and
tensor perturbations often grows rapidly as one ap-
proaches the bounce, leading to a violation of the
condition. In this work, with the help of a specific
example involving the tensor perturbations, we ex-
plicitly show that suitable non-minimal couplings
can restore the consistency condition even in the
bouncing models. We briefly discuss the implica-
tions of the result. This work is done in collabora-
tion with Debottam Nandi.

Parijat Thakur

2016 outburst of H 1743–322: XMM-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 in the two observa-
tions of the low-mass black hole transient H 1743–
322, jointly observed by XMM-Newton and NuS-
TAR during the 2016 outburst. We find that the
QPO and the upper harmonic exhibit shifts in their
centroid frequencies in the second observation with
respect to the first one. The hardness intensity dia-
gram implies that in contrast to the 2008 and 2014
failed outbursts, the 2016 outburst was a successful
one. We also detect the presence of a broad iron
Kα line at ∼6.5 keV and reflection hump in the en-
ergy range of 15–30 keV in both of the observations.
Along with the shape of the power density spectra,
the nature of the characteristic frequencies and the
fractional rms amplitude of the timing features im-
ply that the source stayed in the low/hard state
during these observations. Moreover, the photon
index and the other spectral parameters also indi-
cate the low/hard state behaviour of the source.
Unlike the soft lag detected in this source during
the 2008 and 2014 failed outbursts, we observe hard
time lags of 0.40 ± 0.15 s and 0.32 ± 0.07 s in the

0.07–0.4 Hz frequency range in the two observations
during the 2016 outburst. The correlation between
the photon index and the centroid frequency of the
QPO is consistent with the previous results. Fur-
thermore, the high value of the Comptonized frac-
tion and the weak thermal component indicate that
the QPO is being modulated by the Comptoniza-
tion process. This work has been done in collabora-
tion with Swadesh Chand, Vivek Kumar Agrawal,
Gulab C. Dewangan, and Prakash Tripathi.

Probing transit timing variation and its possible

origin with twelve new transits of TrES-3b

We have investigated the possibility of existence
of additional planet, as well as the orbital decay
and apsidal precession in the extra-solar planetary
system TrES-3 through the transit timing varia-
tion (TTV) analysis. We have made total twelve
transit observations of this system, which include
six transits from the 2m Himalayan Chandra Tele-
scope (HCT), IAO, Hanle, India, five from the 1.3m
Devasthal Telescope, ARIES, Nainital, India, and
one transit from the 1.25m AZT-11 telescope at
the Crimean Astrophysical Observatory (CrAO),
Crimea. In order to have refine destimation of
transit ephemeris, as well as precise TTV anal-
ysis, apart from our twelve new transit observa-
tions, seventy one more transit data of this sys-
tem are also considered from the literature. All
these eighty three transit light curves are analyzed
with uniform procedure through Transit Analysis
Package (TAP). By fitting a linear ephemeris model
to the eighty three mid-transit times derived from
light curve analysis, we have derived new linear
ephemeris for orbital period and mid-transit time
with χ2

red = 1.859, which indicates that there is an
evidence of TTV in TrES-3 system. However, we do
not find any indication of periodic-TTV as the sig-
nificance of the highest peak found in the generated
Lomb-Scargle periodogram, which is computed us-
ing the timing residuals of linear ephemeris model
fit is found to be very far below from the thresh-
old value (FAP = 5%). This allows us to conclude
that there is no evidence of additional planet in
the TrES-3 system. Since TrES-3b is one of the
known hot-Jupiter extra-solar planets, it has been
theoretically predicted that the possible TTV may
be due to the orbital decay and apsidal preces-
sion induced by tidal interactions of TrES-3b and
its parent star. These two phenomena have been
examined in the TrES-3 system by fitting the or-



bital decay and apsidal precession ephemeris mod-
els to transit time data. The orbital decay study
shows decreasing period of TrES-3b with the decay
rate equals to 4.112 ± 3.104 msyr−1. By assum-
ing this decay rate is real, the estimated remaining
lifetime of TrES-3b and the modified tidal quality
factor (Q

′

∗) of the parent star (TrES-3) are found
to be ∼ 4.9Myr and ∼ 1.11 × 105, respectively.
From the apsidal precession study, the precession
rate of the orbit of TrES-3 system is found to be
0.000472±0.000320 radepoch−1. Corresponding to
this precession rate, the estimated planetary tidal
Love number (kp) of 1.15 ± 0.32 is found to be
larger than that of Jupiter. For the selection of op-
timal model that shows the best fit to the timing
data, we have used the Bayesian Information Cri-
terion (BIC = χ2 + klogN , where N is the total
number of data points and k is the number of free
parameters) statistic. Because of the smaller value
of BIC obtained in the linear model as compared
to the orbital decay and apsidal precession models,
we have preferred the linear model as best possi-
ble model to represent our considered transit time
data. This work has been done in collaboration
with Vineet Kumar Mannaday, Ing-Guey Jiang,
Devendra Kuamr Sahu, and Yogesh C. Joshi.

Sunil Kumar Tripathy

Phantom cosmology in an extended theory of grav-

ity

Some phantom cosmological models without big rip
singularity have been constructed in a simple ex-
tended theory of gravity. In the geometrical part
of the action, a minimally coupled linear function
of the Ricci scalar and the trace of the energy mo-
mentum tensor have been considered in place of
the Ricci scalar. Four Little Rip and Pseudo Rip
models have been investigated, where the equation
of state parameter evolves asymptotically and suf-
ficiently rapidly to −1. The effect of the coupling
constant of the extended gravity theory on the dy-
namics has been discussed. Possible wormhole so-
lutions for the phantom models are obtained. The
possibility of Big trip in wormholes are discussed
for the models. This work is done in collaboration
with Bivudutta Mishra.

Bouncing cosmology in an extended gravity theory

We have investigated some bouncing models in the
framework of an extended gravity theory, where

the usual Ricci scalar in the gravitational action
is replaced by the sum of the Ricci scalar and a
term proportional to the trace of the energy mo-
mentum tensor. The dynamical parameters of the
models are derived in a most general manner. We
considered two bouncing scenarios described by an
exponential and a power law scale factors. The
non-singular bouncing models also favour a late
time cosmic speed up phenomenon. The dynam-
ical behaviour of the equation of state parameter
is studied for the models. It is observed that near
the bounce, the dynamics is substantially affected
by the coupling parameter of the modified grav-
ity theory and is least affected by the parameter
of the bouncing scale factors. This work is done
in collaboration with Rakesh Kumar Khuntia, and
Priyabrata Parida.

Vinutha Tummala

Modified holographic Ricci dark energy model in a

scalar tensor Theory of gravitation

In this work, we have studied homogeneous and
anisotropic Bianchi type-V metric filled with dark
mater (DM) and modified holographic Ricci dark
energy (MHRDE) in the framework of scalar-
tensor theory of gravitation proposed by Saez and
Ballester. To find a deterministic solution for Saez-
Ballester field equations, we have used the hybrid
expansion law (HEL) for the average scale factor
a(t), which yields a time dependent deceleration
parameter and exhibits a transition of the Uni-
verse from early decelerated phase to the recent
accelerating phase. We also have taken the scalar
expansion to be proportional to the shear scalar.
We have investigated the physical and geometrical
properties of the model. It is observed that our
model is in good agreement with the ΛCDM model
at late times. This work is done in collaboration
with V.Uma Maheswara Rao, and Molla Mengesha
Nigus

Bianchi type cosmological models in f(R, T) theory

with quadratic functional form

The spatially homogeneous and anisotropic Bianchi
type III, V and VI0 cosmological models have been
investigated in gravity by choosing the function of
the form R+αR2+λT . Here, R is the Ricci scalar,
T is the trace of the energy momentum tensor and
α, λ are constants. Exact solutions to the field
equations of three models are obtained with the



help of hybrid scale factor and the proportionality
of shear scalar with expansion scalar (i.e., σ ∝ θ).
We have calculated some physical and geometri-
cal properties of the models and their behaviour
is thoroughly studied with the help of their plots
with respect to redshift (z). It is observed that
for all three models, pressure (p) is negative and
energy density (ρ) is positive. In case of Bianchi
type V, VI0 models, the EoS parameter exhibits
quintom-like behaviour. Also, by using the same
functional form, we have studied all energy condi-
tions for three models. At present (z = 0), the
energy conditions particularly NEC and DEC are
fulfilled, and SEC is violated for all three mod-
els, which supports the accelerating expansion of
the universe. The advantage of choosing this func-
tional form is that it gives the asymptotically exact
de Sitter solution, and also the obtained values of
physical parameters matches with the current ob-
servational data. This work is done in collaboration
with K. Sri Kavya.

Sudhaker Upadhyay

Phase transition of a charged AdS black hole with a

global monopole through geometrical thermodynam-

ics

In order to study the phase transition through
thermodynamic geometry, we consider the charged
AdS black hole with global monopole. We first
introduce thermodynamics of charged AdS black
hole with global monopole by discussing the de-
pendence of Hawking temperature, specific heat
and Pv curve on horizon radius and monopole pa-
rameter. By implementing various thermodynamic
geometry methods, for instance, Weinhold, Rup-
piner, Quevedo and HPEM formulations, we de-
rive corresponding scalar curvatures for charged
AdS black hole with a global monopole. Here, we
observe that, in contrast to Weinhold and Rup-
peiner methods, HPEM and Quevedo formulations
provide more information about the phase transi-
tion of the charged AdS black hole with a global
monopole. This work is done in collaboration with
Saheb Soroushfar.

Accretion disks around a static black hole in f(R)

gravity

We provide a description of a thin accretion disk for
a static spherically symmetric black holes in f(R)

gravity. In this regard, we first study the hori-
zons of black holes in f(R) gravity. The equation of
motion and effective potential are also computed,
which eventually leads to possible existence of in-
nermost circular orbits of accretion disk. We de-
rive the specific energy, specific angular momen-
tum and angular velocity of the particles moving
in circular orbits. A comparative study of vari-
ous parameters is also presented. The locations
of the event horizon, cosmological horizon, inner-
most and outermost stable circular orbits are also
pointed out. This work is done in collaboration
with Saheb Soroushfar.

Murli Manohar Verma

Extended galactic rotational velocity profiles in

f(R) gravity background

An attempt has been made to explore the geo-
metric effects of f(R) action on the galactic dy-
namics under the weak field approximation. The
rotational velocity is calculated beyond the Ein-
stein’s geometric theory of gravity. It is inspired
by the cosmological geometric relation obtained in
the power-law f(R) gravity model in vacuum. We
analyse the action with a small positive deviation
from the Einstein-Hilbert gravity action (taking R
as f(R) ∝ R1+δ) at the galactic scales for the expla-
nation of flatness paradox associated with the clus-
tered galactic dark matter. We obtain the contri-
bution of dynamical f(R) cosmological background
geometry in accelerating the test mass. Further-
more, the integrated effective acceleration of the
test mass due to a massive spherically symmet-
ric source in f(R) background is calculated via the
study of geodesics for the suitable spacetime met-
ric, and an equation for the effective rotational ve-
locity has been developed. We test the viability of
the proposed model by tracing the motion of test
mass far from the disk of galactic matter for smaller
δ. The possible galactic rotational velocity curves
in f(R) background are discussed for the formula
obtained with δ << 1. We also obtain constraints
on δ O(10−6) confirmed by observations. This work
is doen in collaboration with Vipin Kumar Sharma,
and Bal Krishna Yadav.

Dark matter as scalaron in f(R) gravity models

We explore the scalar field obtained under the con-
formal transformation of the spacetime metric gμν

from the Jordan frame to the Einstein frame in



f(R) gravity. This scalar field is the result of the
modification in the gravitational part of the Ein-
stein’s general relativistic theory of gravity. For

f(R) = R1+δ

Rδ
c

, we find the effective potential of the

scalar field and calculate the mass of the scalar field
particle “scalaron”. It is shown that the mass of
the scalaron depends upon the energy density of
standard matter in the background (in solar sys-
tem, mφ ∼ 10−16 eV). The interaction between
standard matter and scalaron is weak in the high
curvature regime. This linkage between the mass of
the scalaron and the background leads to the physi-
cal effects of dark matter, and is expected to reflect
the anisotropic propagation of scalaron in moving
baryonic matter fields as in merging clusters (Bullet
cluster, the Abell 520 system, MACS, etc.). Such
scenario also satisfies the local gravity constraints
of f(R) gravity. We further calculate the equation
of state of the scalar field in the action-angle vari-
able formalism, and show its distinct features as
the dark matter and dark energy with respect to
energy density of the scalar field at different values
of the model parameter δ. This work is done in
collaboration with Bal Krishna Yadav.






































































































