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| FOREWARD
Tata Institute of Fundamental Research (TIFR) is one of the premier centres of scientific research in India that
works at the very cutting edge of world science, bringing visibility and international recognition to scientific
efforts in India. To facilitate a greater role in world science and technology, TIFR started an ambitious new
campus in Hyderabad. Research activities were initiated in 2011.
From a humble beginning, TIFRH has now taken great strides in building state-of-art infrastructure and
drawing dynamic faculty from all the three major branches of the natural sciences and engineering. TIFRH has
successfully addressed captivating questions in physics, chemistry and biology, thus earning accolades and
recognition from various spheres. Several members of faculty have won awards such as Fellow of the Indian
Academy of Sciences, Fellow of the National Academy of Sciences and Fellows of the World Academy of
Sciences. Substantial experimental efforts have commenced using tools of Nuclear Magnetic Resonance
(NMR), Laser Sciences, Condensed Matter Physics, Synthetic and Biological Chemistry, Cell and
Developmental Biology. These experimental efforts are well complemented by wide-ranging theoretical
approaches in both Physics and Chemistry. This well-rounded, multi-pronged approach comprehensively
addresses a scientific question using tools from various disciplines. This approach allows scientists to truly
understand, engage in and contribute to each other’s research, presenting a unique opportunity in the context
of Indian science.

| RESEARCH AREAS
Our diverse and overlapping research interests include:









Synthesis Lab: Syntheses and reactivities of main-group compounds with low-valent low-coordinate
group 13-15 elements, hydrocarbon soluble silicon enriched molecular cluster, rational design of metal
cluster by using different multi-dented ligands, study of different catalytic reactions using main group
compounds.
Biophysics Lab: Single molecule biophysics of protein amyloids, role of indigenous proteins of amyloid
aggregation, conformational dynamics of biomolecules.
Biology Lab: Regulatory roles of genome organization in gene expression and DNA repair, stress
induced mutagenesis as a mechanism for hastening evolution, immunology, neuroscience, cell biology and
optical microscopy.
Laser Matter Lab: Ion acceleration, neutral-atom accelerators, bright hard X-Ray sources, laser plasma
dynamics at mesoscopic length scales.
Material Science: Engineering of nanomaterials catalysis and energy devices.
NMR: Biomolecular solid-state NMR spectroscopy, development of new NMR methodologies to
understand the structure-function paradigm of biomolecules, NMR characterization of the 3D structures of
biologically important proteins and studying their dynamics, interaction with other ligands/biomolecules to
understand structure-function relationships, development of computer-aided complete turn-key packages
for both NMR assignments and 3D structural analysis, solid state NMR spectroscopy.








Spintronics: Interspace spin chemistry and magnetism arising due to the molecule-transition metal
interface interactions.
Soft Matter: Non-equilibrium soft matter and biological physics
Hyperpolarization: Creating hyperpolarization in noble gases by spin exchange optical pumping
methods, optical magnetometry.
Computational Science: Statistical mechanics of soft matter- deformation, computational physics,
elasticity & plasticity, active segregation of chromosomes, fluid mechanics, multiphase flows, statistical
physics of disordered systems- elusive order in disordered system and the associated correlation length,
ideal glassy states in systems with quenched disorder and their connection to spin glass physics, glasses
with metallicity, brittleness and ductility of amorphous solids, amorphization transition, computer simulation
of protein drug binding, understanding mechanisms of actions antibiotic and antimicrobial peptides,
theoretical understanding of role of water and cosolutes on conformation and self – assembly of
biomacromolecules, deciphering spatial organization inside bacterial cell.
Science Education: Curiosity and questioning among school-age students; inquiry based learning;
visuospatial reasoning.

Our major research facilities include well-equipped chemistry, biochemistry
and molecular biology labs, confocal microscopes, a flow cytometer, atomic
force microscope, dynamic mechanical analyzer, NMR spectrometers, high
power laser systems, and high-performance computing clusters which we
will continue to upgrade at regular intervals. A state-of-the-art animal
facility is in an advanced stage of planning. The doctoral program at TIFR
Hyderabad will give students the opportunity to take up rigorous courses in
different disciplines across the campus, tailored to both their broad
academic growth and the specialized needs of their own research. We will
encourage students to work with more than one faculty member, and
promote joint supervision across disciplines. As you can see in this booklet,
the faculty members have a wide range of research interests and are not
bound to any of the traditional fields. We are already seeing the fruits of
this exciting department-free structure, in the form of interactions, scientific
exchange and full-fledged collaborations between different disciplines.
We actively promote a culture of free inquiry and discussion, invest time
and resources in science outreach, and make efforts to expose students to
the best ideas from the wider world outside science, through our Cultural
Colloquium series. We welcome outstanding students from a wide range of
academic backgrounds and from across the country and the world, all of
which contributes to making TIFR Hyderabad a vibrant place.

| COURSE WORK
The coursework consists of a combination of required, elective and lab courses. Students are encouraged to
take courses in different areas. Some of the courses offered in the last few years are listed below.












Advanced Continuum
Mechanics
Advanced Computational
Methods
Advanced Dynamics
Advanced Mathematical
Physics
Advanced Statistical
Mechanics
Atomic & Molecular Physics
Basic Mathematics for
Biologists
Biological Thermodynamics
Biophysics
Cancer and Stem Cell
Biology
Cell Biology

















Classical Electrodynamics I & II
Classical Mechanics
Computational Methods for
Condensed Matter Systems
Condensed Matter Physics
Experimental Methods I, II & III
Field Theory
Genetics
Hydrodynamics
Inorganic and Organic
Chemistry
Intense laser Physics
Lasers and Quantum Optics
Mathematical Methods
Nonlinear Dynamics
Numerical Methods I & II
Optics













Phase Transitions Ordering
and Dynamics
Physical Biology
Physics & Chemistry of
materials: Bulk to Nano
Principles of NMR
Spectroscopy
Quantum Mechanics I & II
Reading Course in Theory
of Simple Liquids
Scientific Communication
Soft Matter and Biological
Physics
Solid State NMR
Solid State Physics
Statistical Mechanics I & II

| Choice of research area and thesis advisor

We understand that the choices of the specific research area and
research supervisor are important and difficult decisions. To make
an informed decision, students work in different areas with
different faculty members for a short amount of time, ranging from
a few weeks to a few months before choosing their research
area(s) and advisor(s). In the following pages, we have provided a
brief description of research interests of the faculty members. In
addition, we have included some pictures of recent events, facilities
and public science outreach activities to give you a small ‘teaser’
of the how it is like in TIFR Hyderabad.

V. CHANDRASEKHAR
Distinguished Professor and Centre Director
PhD: Indian Institute of Science, Bangalore, India
Postdoctoral research: University of Massachusetts, Amherst, USA
MOLECULAR MATERIALS, INORGANIC RINGS, METAL CLUSTERS,
ORGANOMETALLIC CHEMISTRY
Our group has been specifically interested in the design of 3d/4f and 4f compounds as single molecule
magnets. Some of these systems are also useful as single-ion magnets. We have also been interested in using
inorganic rings as scaffolds for supporting electroactive, photoactive and catalytically active functionalities.
Our interest in metal clusters relates to the use of organophosphonates and phosphates in building
polynuclear metal ensembles. We have also been interested in the organometallic chemistry of main-group
elements such as tin, silicon, bismuth, tellurium and indium.

SURAJIT SENGUPTA
Dean
PhD: Indian Institute of Science, Bangalore, India
Postdoctoral Research: University of Mainz, Germany
STATISTICAL MECHANICS OF “SOFT MATTER”
We are surrounded by a great variety of materials of astounding complexity, such as polymers, colloids,
gels, glasses, biological tissue etc. In most of these, entropic effects play a very important role. Many are out
of thermodynamic equilibrium, driven by external fields or agents or, like ourselves, examples of “active”
matter. Traditional concepts derived, for example, from equilibrium thermodynamics suddenly turn out to be
grossly inadequate and new ideas become necessary. Fortunately, theoretical tools and experimental
techniques necessary for addressing these questions are being discovered continuously, making this an active
field of research. A couple of projects have been listed: 1) While the transition from elastic to plastic
deformation in solids has been studied since a very long time, many fundamental issues remain unanswered.
For example, whether a sharp crossover or true dynamical transition is involved is still under debate. Also, in
crystalline solids, the entities responsible for plastic deformation are “dislocations”, topological entities which
locally break crystal symmetry. Dislocations cannot be defined in amorphous solids - but yet they flow! How
can one unify a description of plastic deformation for any kind of solid - crystalline or amorphous? 2) Active
matter can be driven into interesting non-uniform states. We have shown that such an active driving, a
consequence of gene transcription processes is at the heart of chromosome organisation in the nucleus of
eukaryotic cells.

VIPIN AGARWAL
Reader
PhD: Humboldt University, Berlin, Germany
Postdoctoral research: ETH Zurich, Switzerland; Radboud University, Netherlands
BIOMOLECULAR SOLID-STATE NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY
The focus of our group is structural and dynamic characterization of biomolecules using solid-state NMR
spectroscopy at atomic resolution. The field of ssNMR spectroscopy is still growing and to achieve these goals
we also develop new experimental methods. The new experiments are designed with the ambition to make
existing experiments more robust to experimental missettings, enhance sensitivity, overcome limitations of
currently used techniques or access new structural and dynamic information. The designs of the experiments
are based on a theoretical understanding of the behaviours of nuclear spins under magic angle spinning and
radio frequency irradiations. Broadly our work can be classified in two categories namely, 1) NMR methods
and 2) Applications to biomolecules. The current NMR methods aim to explore fast MAS technique to
determine structures of proteins. In the biomolecules project, we are characterizing the structure of functional
amyloids and reveal dynamic information exchange between allosteric sites in protein.

MUSTANSIR BARMA
Professor Emeritus
PhD: State University of New York at Stony Brook, USA
Research Associate: Michigan State University
Visiting Fellow: TIFR
STATISTICAL PHYSICS
My research has focused on cooperative effects in interacting systems, both in and out of equilibrium. In
recent years, and in particular after moving to TIFR Hyderabad, I have been working primarily on nonequilibrium statistical physics. The theme has been to work on new phases that involve a balance between
fluctuations and order, and arise from external driving and interactions between particles. The specific
research direction are the following: 1) Fluctuation-dominated phase ordering, which involves a fine balance
between giant fluctuations and long range order, and is found in a variety of soft matter systems, 2)
Multispecies coupled driven systems, at instabilities which lead to phase separation. 3) Entropy-induced
ordering of hard objects, with a focus on the dynamics of approach to the steady state. 4) Aggregationfragmentation dynamics, leading to macroscopic condensates and temporal intermittency, with connections to
intra-cellular transport of proteins. 5) Disordered driven systems, to clarify qualitative aspects of transport of
particles and interfaces driven in random media.

ADISH DANI
Reader
Ph.D: National Center for Biological Sciences, Bangalore
Postdoctoral research: Harvard University, Cambridge, MA, USA
SENSORY NEUROSCIENCE, MOLECULAR AND CELLULAR BIOLOGY,
SINGLE MOLECULE NANOSCOPY, SYNAPSE STRUCTURE AND FUNCTION
Organisms interact with their immediate environment, including members of their own and different species,
through a number of sensory modalities. The dynamic interplay between the sensory environment, genes and
neural circuits that occurs in evolutionary and developmental time shapes the sensory biology of an animal.
My research is broadly centered on the cell biology of sensory systems to understand, A) How sensory
experience sculpts the plastic properties of synapses and B) Molecular and cellular mechanisms of signal
detection and transduction in sensory neurons. We currently use the mouse olfactory and vomeronasal systems
as a model in these studies. A third major interest is to develop nanoscopic imaging methods to help address
these goals and to investigate molecular organization at major cellular signaling junctions, such as neuronal
synapses.

TAMAL DAS
Reader
PhD: Indian Institute of Technology, Kharagpur, India
Postdoctoral research: Institut du cancer de Montreal, Canada
COLLECTIVE CELLULAR DYNAMICS
Cells in our body live and work together. Many important physiological processes, including development of
an embryo, formation or regeneration of an organ, and closure of a wound involve tens or even hundreds of
cells to orchestrate their actions in a way that they act like a single entity or a collective. Collective cell
dynamics also regulates the efficiency of cancer progression and metastasis. Our group aims to reveal the
guiding principles and the underlying molecular mechanisms that enable the cells to coordinate their
movements (Collective cell migration), to maintain specific shape and size (Shape and size-regulated
inhibition of cell division), and to initiate the removal of any precariously transformed individual (Cell
competition).
To address our research goals, we take a unique interdisciplinary and integrative approach where molecular
biology and optogenetic tools are coupled with force and motion measurement techniques.

KANCHAN GARAI
Reader
PhD: Tata Institute of Fundamental Research, Mumbai
Postdoctoral research: Washington University School of Medicine, St. Louis, USA

SINGLE MOLECULE BIOPHYSICS OF PROTEIN AMYLOIDS: Many proteins selfassemble to form 1-dimesional structures called ‘amyloid fibrils’. Proteins amyloids are involved in many
diseases such as Alzheimer’s and Parkinson’s diseases. On the other hand, microorganisms such as bacteria
synthesize amyloid fibrils to form biofilms. Biofilms help bacteria to withstand harsh environments such as high
dosage of antibiotics. We are interested in understanding the molecular mechanism of amyloid formation.
We use an array of biophysical techniques such as fluorescence spectroscopy, FRET, anisotropy, circular
dichroism, atomic force microscopy (AFM) and the calorimetric techniques to characterize the structural
changes and the self-assembly or disassembly of the amyloid species. In addition, we are building single
molecule sensitive techniques such as Fluorescence Correlation Spectroscopy and single molecule FRET for
quantitative characterization of the early events of protein aggregation.
ROLE OF INDIGENOUS PROTEINS OF AMYLOID AGGREGATION: Several functionally important proteins
such as the chaperones and apolipoprotein E have been found to influence amyloid aggregation in vivo. We
will use the single molecule fluorescence techniques including super resolution microscopy such as STORM to
characterize these interactions with monomeric, oligomeric and the fibrillar species.

MANISH JAISWAL
Reader
PhD: Indian Institute of Technology, Kanpur, India
Postdoctoral research: Baylor College of Medicine, Houston, TX, USA
MITOCHONDRIAL QUALITY CONTROL AND NEURODEGENERATION
The integrity of a neuron requires constant maintenance and fight against cellular insults throughout the life.
Failure of these processes leads to diseases such as neurodegenerative diseases. We use the powerful
genetic model organism Drosophila melanogaster and human cells lines to uncover intricacies of cellular
maintenance and stress response. We are currently focusing on elucidation of the mechanisms by which a
healthy pool of mitochondria is maintained. Key processes that are required to maintain a healthy pool of
mitochondria relates to their fusion and fission, which regulate their size, mitophagy to clear damaged
mitochondria, and biogenesis. These processes can be modulated based on cellular metabolic and energy
demands. However, how these processes are regulated is not well understood. The understanding of the
mechanism of mitochondrial maintenance is important as defects in this process leads to neurodegenerative
and metabolic diseases. To study mitochondrial maintenance and its implication in diseases, we are using fruit
flies as our model organism, and employ unbiased genetic screens, genome editing and a wide range of
biochemical and imaging tools.

ANUKUL JANA
Reader
PhD: University of Göttingen, Germany
Postdoctoral research: Ludwig-Maximilians-Universität & Universität des
Saarlandes, Germany
SYNTHETIC CHEMISTRY
Our research interests have been mentioned below:
 Syntheses and reactivities of main-group compounds with low-valent low-coordinate group 13-15
elements
 Hydrocarbon soluble silicon enriched molecular cluster
 Rational design of metal cluster by using different multi-dented ligands
 Studies of different catalytic reactions using main-group compounds

Current Facility at TCIS for our research:
 300 MHz NMR spectrometer
 2-Port glove box
 Solvent purification system
 UV-Vis spectrometer and FT-IR spectrometer
 Well set up Schlenk line technique

SMARAJIT KARMAKAR
Associate Professor
PhD: Indian Institute of Science, Bangalore, India
Postdoctoral research: Weizmann Institute of Science, Rehovot, Israel
STATISTICAL PHYSICS OF DISORDERED SYSTEMS
Glasses are ubiquitous in nature and the nature of glassy states and glass transition is one of the major
unsolved problems in condensed matter physics. According to Nobel laureate PW. Anderson, “The deepest
and most interesting unsolved problem in solid state theory is probably the theory of the nature of glass and
the glass transition” (1995). Understanding glass transition is thus of huge interest in fundamental physics as
well as for industrial applications. Our group tries to understand some of the puzzles of the glass transition
and mechanical properties of amorphous solids within the framework of statistical physics. Some of the
research goals which we are pursuing are the following: 1) Looking for elusive order in disordered system
and the associated correlation length, 2) Ideal glassy states in systems with quenched disorder and their
connection to spin glass physics, 3) Glasses with metallicity: physics of metallic glasses, 4) Cavitation in
amorphous solids and their implications on the mechanical properties of these disordered solids, 5) Brittleness
and Ductility of amorphous solids – is there a transition? 6) Amorphization Transition: how to transform a
crystal in to amorphous states and can one learn something from this transition?

M. KRISHNAMURTHY
Professor
PhD: Tata Institute of Fundamental Research, Mumbai
Postdoctoral research: JILA/University of Colorado at Boulder, Colorado, USA
HIGH INTENSITY LASER PHYSICS
Our group uses high intensity ultra-short lasers to address several questions of interest both to physicists and
chemists. Specific projects being pursued are listed the following: 1) : The interaction of an ultra-short high
intensity laser pulse with solids results in a hot Ion Acceleration dense plasma, which is an excellent source of
bright short-lived hard x-rays and energetic particles. A quasi-static charge-separation sheath electric field is
generated by the collective displacement of a large number of laser generated hot electrons. The ions get
accelerated, according to their charge-to-mass ratio, in such fields until charge neutrality is restored. Thus, the
laser driven ion acceleration mechanism is a secondary process determined by the hot electron dynamics, 2)
Neutral-Atom Accelerators: Accelerating neutral atoms, contrary to laser-based as well as conventional
particle accelerators, is a formidable feat, given the inert, neutral response of these atoms to accelerating
fields. Our recent studies provide a crucial breakthrough in the generation of accelerated neutral atoms, with
energies as large as an MeV, as a result of the interaction of intense lasers with nanoclusters, 3) Bright, Hard
X-Ray Sources: Illumination with an intense laser can transform a plethora of material forms, ranging from
nanostructures to liquid micro-droplets and even bacterial cells, into the brightest sources of hard x-rays, with
numerous applications in imaging and microscopy as well as novel techniques in lithography, 4) Laser -Plasma
Dynamics at mesoscopic length scales.

P. K. MADHU
Professor
PhD: Indian Institute of Science, Bangalore, India
Postdoctoral research: Weizmann Institute of Science, Israel;
Johannes Kepler University, Austria; University of Stockholm, Sweden;
University of Southampton, UK
SOLID-STATE NMR SPECTROSCOPY
Solid-state nuclear magnetic resonance (ssNMR) is a major spectroscopic tool in the study of materials not
generally amenable to solution NMR or X-ray. These include membrane proteins, fibril systems, several
globular proteins, zeolites, polymers, and catalysts, all of which are important in various functions.
Our research is two-fold, one in the fundamentals of ssNMR spectroscopy, to improve the resolution and
sensitivity content of the spectra and second in the application of ssNMR methods in the study of materials,
both biological and inorganic. The pursuit of our interests in ssNMR is made possible in TIFR with access to
state of the art spectrometers. We also have access to a solid-phase peptide synthesiser for the synthesis of
amyloid fibrils and their subunits and various analytical Chemistry tools. Our research also makes use of other
spectroscopic tools, such as IR and SERS and imaging methods. We have also initiated research in the
direction of hyperpolarisation in order to enhance the NMR signals. Our research cuts across the boundaries
of scientific disciplines and also involves collaborative efforts with ETH, Zurich, University of Aarhus, Denmark,
and Weizmann Institute of Science, Israel.

KALYANESHWAR MANDAL
Reader
PhD: Indian Institute of Technology, Bombay, India
Postdoctoral research: University of Chicago, Chicago, USA
CHEMISTRY APPLIED TO THE PROTEINS
The research in our laboratory is focused on the application of chemistry to design and engineer novel
protein molecules, and to precisely control their biochemical properties. We use synthetic organic chemistry
and chemical protein synthesis, tool sets to engineer proteins, and then apply, racemic and quasi-racemic
crystallography to determine their three dimensional structures. We are particularly interested in design and
total chemical synthesis of mirror-image proteins (composed entirely of D-amino acids and achiral Glycine)
that would interfere specific disease related protein-protein interactions. We also collaborate with scientists
from other disciplines for biomolecular structure determination by NMR spectroscopy, complex problems in
protein crystallography, protein phage display, and protein structure prediction by computational design. The
students joining our group will have the opportunity to gain expertise in synthetic organic chemistry, chemical
protein synthesis and racemic protein crystallography in our laboratory. In addition, we have a research
project funded by the Wellcome Trust / DBT India alliance to design and develop novel D-protein inhibitors
to prevent invasion of human erythrocyte by malaria parasite. Some of the projects currently underway are
as follows: Systematic development of a novel D-protein inhibitor to control and eliminate malaria
transmission, 2) Covalent modification of protein structures, 3) Design and total chemical synthesis of proteins
with complex topology.

APROTIM MAZUMDER
Reader
PhD: National Centre for Biological Sciences, Bangalore, India
Postdoctoral experience: Massachusetts Institute of Technology, USA
REGULATORY ROLES OF GENOME ORGANIZATION IN GENE EXPRESSION AND
DNA REPAIR
The three dimensional organization of the genome in the cell nucleus is thought to affect gene expression and
the function of machinery that act on the genome. A growing body of literature using techniques like
fluorescence in situ hybridization (FISH) and chromosome conformation capture has hinted at this regulatory
role of physical chromatin organization on genome function. To definitively prove this we are currently
investigating how the subnuclear position of a gene affects its expression. Image analysis tools are
developed to quantify and interpret our observations. Furthermore, we plan to investigate chromatin folding
and restructuring in response to genotoxic stress with fluorescence anisotropy methods. Together, these could
give us unprecedented insight into the effects of nuclear architecture on the gene expression and DNA repair.
STRESS-INDUCED MUTAGENESIS AS A MECHANISM FOR HASTENING EVOLUTION
Mutations play a major role in the evolution of species. It has been suggested that environmental stress can
increase mutation rates and thus possibly give rise to adaptive traits. By using the budding yeast (S.
cerevisiae) as our experimental system, we subject cells to different kinds of stress. By the prolonged
application of stresses we isolate strains of yeast, which show signatures of adaptation to the stress. We are
also investigating possible molecular pathways for such stress induced adaptations.

JAGANNATH MONDAL
Reader
PhD: University of Wisconsin, Madison, USA
Postdoctoral research: Columbia University, USA
COMPUTATIONAL CHEMISTRY AND BIOPHYSICS
We utilize various novel methods of computer simulation to provide key insights into diverse topics of chemical
and biochemical interest. The methods of choice involve Molecular Dynamics simulation, Monte Carlo
simulation. One of the key features of our research is a close collaboration with various experimental groups
inside and outside of TIFR Hyderabad.
Specifically, following topics are being explored using state-of-the-art computer simulation approach.
1. Computer simulation of protein-drug binding
2. Understanding mechanisms of actions antibiotic and antimicrobial peptides
3. Theoretical understanding role of water and cosolutes on conformation and self-assembly of
biomacromolecules
4. Deciphering spatial organization inside bacterial cell

T. N. NARAYANAN
Reader
PhD: Cochin University of Science and Technology, India
Postdoctoral Research: Rice University, TX, USA
SURFACE SCIENCE AND INTERFACE ENGINEERING: 1) Development of protocols
for interconnected nanostructures in Engineering of Nanomaterials: scalable manner
is highly desirable for applications of nanomaterials in various fields. However, creating such structures with a
complete 3D/2D linkage still remains as a challenge. These macroscopic structures lose high surface area due
to irreversible aggregation or restacking of individual ‘nano-blocks’ during the bottom-up processing. Our
research focuses on controlling the assembly of mesoscopic structured materials, and studies on the interface
induced properties of resultant macroscopic structures. This includes the development of defect free
nanocrystals via various routes including chemical vapor deposition, wet chemical routes etc. and
lithography/wet chemistry assisted further assembly of crystals. We are also interested in the engineering of
interactions between small molecules and nanocrystals for the development of novel sensors. 2) We are
interested in three types of Catalysis and Energy Devices: reactions- oxygen evolution reaction, oxygen
reduction reaction and hydrogen evolution reaction. Despite the development of numerous metal free
engineered 2D materials based catalysts, benchmarked conventional metals in energy technologies are still
remain unbeatable in terms of over potential and long-standing performance. Nevertheless the expensive
and scarce metals in conventional energetics need to be replaced/reduced for viable futuristic energy
technologies. A part of our research is on the development of novel catalysts (non-metals and metal free) and
unravelling the fundamental mechanism in controlling the catalytic activities of mesoscopic structures.

PRASAD PERLEKAR
Reader
PhD: Indian Institute of Science, Bangalore, India
MULTIPHASE FLOWS
Fluid flows are ubiquitous in nature. In most cases, the fluid consists of more than one
component (e.g., dilute polymer solution, dust in air, oil-water emulsions). We conduct state-of-the-art
numerical simulations to gain insight in multiphase fluid flow phenomena. The two main directions of research
that are currently being pursued are: 1) Binary-Fluid turbulence: A symmetric, binary fluid mixture undergoes
spontaneous demixing below its critical temperature. Domains of the two pure phases keep on merging to
form larger and larger domains until there is one interface separating the two pure phases. The growth rate
of domains is governed by an interplay between the surface tension, the viscous, and the inertial forces. We
conduct high-resolution simulations to investigate turbulent symmetric binary mixtures in two and three
dimensions. 2) Active matter: Collective motion of entities is central to a variety of physical phenomena
observed in various branches of physics. In particular, ideas borrowed from statistical physics have been
successfully used to model fish schools, flocking of birds and patterns formed by bacterial colonies on a petri
dish. Many biological species thrive in fluid environments and live in large colonies such as planktons, fish
schools, and bacteria. Recent studies have shown existence of elementary form of life even in deep-sea
hydrothermal vent. Even the early life on earth must have thrived in extreme environments where the fluid
flow could have been turbulent. We are interested in investigating how collective behavior of animals gets
affected by fluid flow (chaotic or turbulent) and how do they modify it.

RAGHUNATHAN RAMAKRISHNAN
Reader
PhD: Technical University of Munich, Germany
Postdoctoral research: Technical University of Munich, Germany; University of Basel,
Switzerland
DEDUCTIVE AND INDUCTIVE MODELING OF MATTER
Our group is working towards developing theoretical models to quantitatively forecast the properties of
matter (molecules and extended materials) and simulate related fundamental processes, to a degree of
accuracy that is relevant to complement outcomes from state-of-the-art experiments. To this end, we deploy a
wide range of deductive quantum mechanical approximations along with inductive approaches based on
supervised/unsupervised machine learning, under the broad theme Deductive and Inductive Modeling of
Matter. Topics of interest to us, in no particular order of preference, are:
 Chemical space design
 Femtosecond electron dynamics
 Quantum mechanics
 Anharmonic vibrational spectra
 Machine learning and Big Data analytics
 Potential energy surfaces
 Virtual high-throughput screening
 Computer-based science education
Graduate student candidates are expected to have strong interest in any of the following: computer
programming, physical organic chemistry, time-dependent quantum mechanics, graph theory, and
computational linear algebra.

KARTHIK V. RAMAN
Reader
PhD: Massachusetts Institute of Technology, USA
Visiting Research Scientist, IBM Research Labs
SPINTRONICS
Electrons are quantum mechanical objects with quantized states of spin, particularly in the spin up and the
spin-down direction. The flow of these spin-polarized electrons in a material provides a way to transport and
process information for applications in sensor, memory and computing devices. We specialize in this field of
spin-electronics to unravel a number of interesting spin responses in nanoscale systems. Our research interest
covers thin film growth, nanofabrication, low temperature magneto-transport measurement and in-situ surface
& interface characterization of multi-layer films. One of our focus areas is to understand the interface spin
chemistry and magnetism arising due to the molecule-transition metal-surface interactions. Here, magnetism
can be induced in molecules by surface interactions, which are stable up to room temperature, allowing the
possibility to design molecular memory devices. We employ Kerr effect and scanning tunneling microscopy
techniques to probe the surface magnetism and spin resolved surface electronic density of states under ultrahigh vacuum conditions. We are interested in non-equilibrium device physics, incorporating charge, spin and
heat degree of freedoms to develop next-generation energy efficient devices using new classes of exotic
materials such as magnetic insulators, 2D materials, topological insulators, thermoelectrics, ferroelectrics,
organic molecules and bio-inspired molecules. Graduate student candidates are expected to develop a
strong foothold in working with state of the art instrumentation for experimental condensed matter research.

PRANAV R. SHIRHATTI
Reader
PhD: Tata Institute of Fundamental Research, Mumbai, India
Postdoctoral research: Institute for Physical Chemistry and
Max Planck Institute for Biophysical Chemistry, Göttingen, Germany
SURFACE DYNAMICS
Chemical reactions occurring on metal surfaces are a subject of great interest, primarily because of its direct
connection to heterogeneous catalyst technology. Heterogeneous catalytic processes are often complex and
are composed of several elementary steps such as adsorption, diffusion, bond breaking/making and
desorption. Additionally, each of these steps is accompanied by energy exchange with the underlying
catalyst surface (often a metal surface) via different pathways, spanning different time scales. This sequence
of several elementary steps occurring at varying time scales make a microscopic level study of catalytic
processes very challenging. Our research efforts in general are directed towards studying the microscopic
details of these elementary steps with the broad aim of building a more fundamental understanding of
surface chemistry. One of the main questions we are working on is to understand the energy dissipation rates
in molecule – surface collisions and its influence on reaction pathways in surface chemistry. Our strategy for
studying such complex processes is by carrying out molecular beam – surface scattering experiments on
clean, well-defined, single crystal surfaces/model catalytic systems. These experiments involve quantum state
selective preparation and probing of molecules using molecular beam/laser spectroscopy techniques and
surface sensitive probing techniques under ultra-high vacuum (UHV) conditions.

PRAMODH VALLURUPALLI
Reader
PhD: Yale University New Haven, CT, USA
Postdoctoral research: University of Toronto, Canada
CONFORMATIONAL DYNAMICS OF BIOMOLECULES
In solution, biological macromolecules like proteins and nucleic acids are not rigid but populate a range of
conformations. Some of these alternate conformations can have significantly different structures involving
changes in the secondary and tertiary structure of the protein or RNA. Not surprisingly these alternate
conformations can have very different properties like enzymatic activities, binding constants etc. As these
alternate conformational states have low populations and lifetimes varying from microseconds to hundreds of
milliseconds they cannot be detected by conventional NMR experiments. Recently we have developed NMR
experiments to obtain structures of excited states with lifetimes ranging from 50 μs to 50 milliseconds. We
use NMR spectroscopy and combine it with computational and fluorescence techniques to obtain an atomic
resolution picture of the dynamics of biomolecules. Computational methods and fluorescence techniques
provide complementary information to that obtained by NMR methods and we plan to use these techniques in
collaboration with our colleagues. Students joining the lab will learn state of the art solution NMR methods,
biochemistry/molecular biology methods and computational & fluorescence techniques in collaboration with
experts. We are working on the following: 1) Conformational dynamics of T4 lysozyme L99A, 2) Folding of
knotted proteins and multi-domain proteins, 3) Conformational changes in large RNA molecules, 4)
Development of new NMR experiments.

MONIKA VIG
Associate Professor
PhD: National Institute of Immunology, Delhi
Postdoctoral research: Department of Pathology, Harvard Medical School, Boston, MA
MOLECULAR IMMUNOLOGY, CELL SIGNALING,
ION CHANNEL BIOLOGY, CELL BIOLOGY, BIOLOGICAL CHEMISTRY
Our central theme is to decipher the fundamental rules that govern antigen receptor induced signaling in T
lymphocytes with the ultimate goal of benefiting human patients with autoimmune disorders and cancer. We
aim to understand the molecular basis of T cell receptor (TCR) induced ion flux and the consequent regulation
of T cell signaling, energetics, differentiation and effector functions. Calcium ions are important signaling
intermediates and calcium release activated channels (CRACs) constitute one of the major routes of calcium
entry in T lymphocytes. Using a highly interdisciplinary approach, our early work identified the two central
components of the CRAC channel complex, the pore forming subunit, CRACM/ Orai and alpha- soluble Nethylmaleimide sensitive factor (NSF) attachment protein (alphaSNAP), that is required for the optimum
functionality and selectivity of CRACM/ Orai channels. Point mutations in CRAC channel components have
been associated with a wide range of human diseases, spanning a variety of tissues. Recently, we have found
that store-depletion or T cell receptor stimulation induces the on-site assembly of Orai1 dimers into multimeric
channels. We further showed that the assembly of fully functional and calcium-selective Orai channels is
alpha-SNAP dependent. Based on these findings, we are currently testing the hypothesis that signaling
induced assembly of ion channel pore subunits could be more wide-spread. We also aim to determine
whether TCR induced ion-flux is tunable depending on the strength and type of upstream signals.

PUSHPITA GHOSH
DST-INSPIRE Faculty Fellow
PhD: Indian Association for Cultivation of Science, India
Postdoctoral research: Rice University, USA; University of California, Berkeley, USA
SPATIOTEMPORAL ORDERS IN THE REALM OF CHEMISTRY AND BIOPHYSICS
Self-organization leading to spontaneous ordering in living and non-living systems is ubiquitous and
widespread phenomena in nature. This formation of orders structures in the composition of a system may
occur in both temporal and spatial domains. The occurrence of temporal orders e.g., oscillation or rhythms are
extensively encountered in the field of chemistry and biology. In spatially extended systems when temporal
kinetics is coupled through diffusion, the spatiotemporal dynamics become more rich and complex which could
generate varieties of spatiotemporal instabilities in the form of stationary and non-stationary patterns,
spirals, targets, traveling, solitary waves etc. in far-from-equilibrium condition. The range of such instabilities
in living systems prevails from single cell to multicellular organizations. Cells in bacterial colony or in tissues
collectively organize and coordinate themselves in various ways to perform a particular function. The
underlying mechanisms of these processes are themselves very complex and the complexity enhances in the
presence of certain physicochemical factors. Our research is broadly focused towards investigating the
spatiotemporal dynamics of non-equilibrium complex systems to understand of a number of emerging
phenomena of chemical and biophysical interests. We cater interdisciplinary and integrative approaches
where tools of nonlinear dynamics, statistical mechanics and computational modelling are used to address
various phenomena of self-organization.

KAUSTUBH R. MOTE
INSPIRE Faculty, Young Researcher
PhD: University of Minnesota, USA
Postdoctoral research: TIFR Centre for Interdisciplinary Sciences
SOLID STATE NMR, BIOPHYSICAL CHEMISTRY
We use solid state NMR spectroscopy to understand the active transport of metabolites across membranes at
the molecular level. Current work in the lab focuses on two fronts:
(1) Development of techniques for oriented and magic angle spinning NMR techniques for characterization of
biomolecules.
(2) Understanding the molecular basis of pyruvate transport across the inner mitochondrial membrane through
the Mitochondrial Pyruvate Carrier Complex.
The long term goal of the lab is to leverage improved techniques in solid state NMR to determine an atomistic
picture of metabolite transport across biological membranes. This is expected to yield insights into metabolic
processes in healthy and diseased cells.

JAYASHREE RAMADAS
Professor
PhD: University of Poona, India
SCIENCE EDUCATION
Meaningful learning of science from an early age requires alternatives that
challenge the dominant rote learning paradigm prevalent in our school education. One line of research
towards this goal explores the possibilities of perceptual, embodied and visuospatial modes of learning.
Another strand investigates children's natural predisposition towards curiosity and questioning, an urge that is
effectively suppressed through school education and societal norms of discourse.
Research in science education is closely linked with aspects of development and outreach. An ongoing project
aims to build an open access multilingual repository and an open source web platform to document and
analyse questions asked by children from around the country. Complementing this 'global' perspective on
curiosity is our 'local' effort in neighbouring government schools to investigate the process of curiosity and
questioning in children through inquiry projects using foldscopes and (in the near future) micro weather
stations.
In 2019, we shall accept only short-term students in science education.
https://www.tifrh.res.in/~jr/index.php/positions/

Link to further information:

KABIR RAMOLA
Reader
PhD: Tata Institute of Fundamental Research, India
Postdoctoral research: University of Paris-Sud, France; Brandeis University, USA
STATISTICAL MECHANICS
I work on theoretical problems at the intersection of statistical, condensed matter, and soft matter physics. My
research primarily deals with extending the applications of statistical mechanics to new and interesting
physical problems. In my work, I rely on a combination of analytic theory as well as numerical computation.
Recently, I have been exploring the high density behaviour of macroscopic particulate matter such as sand,
sugar, or mixtures of such particles. These systems can behave as fluids in some situations (they flow), or solids
in others (they resist deformation). Suspensions of such particles can display very large variations in viscosity
with small changes in density. To make theoretical progress towards understanding such materials, I am
studying collections of rigid and elastic spheres as well as lattice gas models, which are idealized models for
fluids and granular matter. Another direction that I have been exploring is correlations in systems with
inherently stochastic dynamics. Examples include active Brownian motion and branching processes. These serve
as models for more complex systems, in particular, living organisms. Correlations are encoded in these
systems through their orientation or genealogical history. At high densities or low temperatures, collections of
these particles display spatially inhomogeneous phases. I am studying continuum as well as lattice models of
such particles to try to better understand their behaviour.

SAROJ KUMAR NANDI
Reader
PhD: IISc, Bangalore, India
Postdoctoral research: IPhT, CEA, Saclay; MPIPKS, Dresden; Weizmann Institute of
Science, Rehovot, Israel
SOFT MATTER, THEORETICAL PHYSICS, BIOLOGICAL PHYSICS, GLASSY
DYNAMICS
My research interest lies in the broad area of non-equilibrium statistical physics, soft matter and biological
physics. Some specific problems I am currently working on are as follows:





Glassy dynamics in systems of active self-propelled particles
Phase separation in biological systems
Dynamics of wound healing
Fluctuation dominated phase ordering and the phenomenology of broad interface

| SCIENCE POPULARISATION and PUBLIC OUTREACH ACTIVITIES:
TIFR Hyderabad has strengthened its efforts in public engagement and science outreach. The flagship event
of our community science outreach is a Science Café called ‘Sawaal-Jawaab: Conversations on Science’.
These sessions provides an informal platform for the general public to interact with a scientist. ‘SawaalJawaab’ has been steadily gaining popularity, thus, increasing our reach to the general public in Hyderabad.
Initially, these sessions were held in Lamakaan. During the month of August 2018, these sessions had to be
shifted to a bigger venue at Phoenix Arena. In less than a year, we are contemplating organising this event in
an even bigger venue that can accommodate our growing audience. At this moment, we are in talks with the
B M Birla Science Centre, which is located near the B M Birla Planetarium, to host our ‘Sawaal-Jawaab’
sessions. The increasing popularity of our Science Café can be attributed to the broad range of issues in
sciences and the informal atmosphere that encourages free-flowing discussions. ‘Sawaal-Jawaab’ is coordinated by Anusheela Chatterjee. Student volunteers play a crucial role in making sure that these sessions
run successfully without any glitches.

| SCIENCE POPULARISATION and PUBLIC OUTREACH ACTIVITIES:
Sawaal-Jawaab sessions:

| PRESENCE ON SOCIAL MEDIA:
We have a very strong presence on Twitter, Facebook and YouTube. Our Twitter and Facebook pages have
updates ranging from the most recent research news to various events in TIFR Hyderabad.

| ART and SCIENCE DIALOGUE
Given the historical association of art and science in TIFR, we organised an ‘Art and Science Dialogue’ on our
campus. For one week, graduate students from TIFR Hyderabad interacted with students from the Department
of Fine Arts in the University of Hyderabad. All participants teamed up to create three enormous research
inspired art installations.
This event was covered by the newspaper, Deccan Chronicle, (dated: July 19, 2018) and is available at the
following link: https://www.deccanchronicle.com/nation/current-affairs/190718/creativity-at-the-fore-attifr-meet.html

(From left to right)
INSTALLATION 1: ‘LENS-CAPE’, 12 X 6 X 7 ft
INSTALLATION 2: ‘DRAWING’, 15 X 6 X 6 ft
INSTALLATION 3: Depiction of the ‘lab bench’

| SciComm101 (Science Communication Workshop):
TIFR Hyderabad joined forces with the Wellcome Trust- DBT India
Alliance to organise a science communication workshop ‘SciComm101’
in the TIFRH campus. This workshop includes carefully crafted modules
on the basics of science communication, writing manuscripts and grants,
research ethics, presenting one's research through posters or slides, and
various career opportunities in science. Initially, the workshop was
meant to be a one-day event catering to a cohort of 60-80
participants. However, we received an overwhelming response to the
call for registrations. Thus, there were two iterations of this workshop,
one on August 26, 2019 and the other on August 28, 2019, for more
than 150 participants. We received participation from institutions such
as University of Hyderabad, Osmania University, CSIR-Centre for
Cellular and Molecular Biology, Centre for DNA Fingerprinting and
Diagnostics, National Institute of Animal Biotechnology, IIT Hyderabad
and CSIR- Indian Institute of Chemical Technology. Interestingly, this
was one of the first instances in recent history where M.Sc students,
Ph.D students and post-doctoral fellows belonging to different
institutions in Hyderabad converged in one place to learn the art of
science communication. Though it was designed on the lines of a refresher course, we hope that this workshop
shall set the tone for extensive training courses on specific topics in science communication. This initiative was
undertaken by Anusheela Chatterjee. (Link to the event webpage: https://events.tifrh.res.in/scicomm/)

| “DEEP LEARNING”, TSWREIS schools
Students from TIFR Hyderabad visit schools of the Telangana Social
Welfare Residential Educational Institutions Society (TSWREIS), once a
week, with an aim to get students to raise questions, and to link the textual
and theoretical with practical and experiment-based science.

| “MEET A SCIENTIST SESSIONS
Additionally, we have a “meet a scientist” program where an eminent scientist either visits a school to deliver
a talk or conducts a TSAT session on local television networks to reach out to the remote schools in Telangana.

| CAMPUS LIFE:


All members of TIFR Hyderabad are accommodated in leased apartments located in close vicinity to the
campus.



Transport facility is provided from 07:40 hrs till 02:00 hrs between the hostel and campus.



The facilities in our hostel include common kitchens, cots, mattresses, study tables, chair, refrigerators,
washing machine and internet facility. Post-doctoral fellows, PhD students from 2nd Semester onwards
and I-PhD students from 3rd Semester onwards are allotted single room. Visiting students, JRF and shorttime visitors are given shared accommodation.



We have a common cafeteria and a night canteen within the campus premises which caters to all the
meals and snacks requirements from 08:30 hrs till 00:30 hrs. Coffee and tea are available throughout the
day.



Sports facilities: In addition to a gymnasium on campus, a football ground has been developed in the
nearby adjoining land.
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