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Preface
The year 2009-10 was special in the history of the Tata Institute of Fundamental
Research as it marked the centenary of its founder, Dr. Homi Jehangir Bhabha. Born in
Bombay in 1909, Homi Bhabha went on from an exceptionally early, promising start in
academics to a brilliant career in theoretical physics at Cambridge University and then at the
Indian Institute of Science, Bangalore. His contributions to the theory of electron-positron
scattering and to cosmic ray cascades are fundamental and have had a lasting impact which
continues to this day. But Bhabha‟s contributions went far beyond those of a traditional
research academic. He was a builder of institutions – and is remembered today as the
founding director of TIFR and the architect of India‟s nuclear programme. Finally, he was
a lover of art, music and architecture, deeply cultured in every sense of the word. After his
tragic death in 1966, Bhabha continues to be remembered in many ways at the Institute.
His stamp is indelibly felt in the elegance of the Institute buildings and gardens; in details
such as the placement of every tree and shrub, and the flagstones in the garden path; in the
superb art collection that adorns the walls of the Institute; but most of all in the way science
is cherished and practised in the Institute, with openness, informality and intensity.
In the Bhabha centenary year, the Institute organized events to recognize the
continuing relevance of Dr. Bhabha‟s contributions to many fields. The Bhabha Centenary
Symposium organized by the Department of Atomic Energy, the Science Academies of
India, and the Royal Society was held in the Institute and celebrated the different aspects of
Dr. Bhabha‟s life. An International Colloquium on perspectives in fundamental research
provided an overview of the current status and future directions of several frontiers in the
sciences. The Young Indian Scientists‟ Colloquium held at the Institute brought together
young leaders of science from all over the country to present their research findings to an
audience which included college lecturers from different parts of the country. The Institute
also hosted a conclave of Homi Bhabha fellows in which a galaxy of achievers from all
walks of life gathered and lectured at TIFR. Besides these broad meetings, many smaller,
focused meetings were held in the research areas currently covered in the Institute. The
year also saw the initiation of the Foundation Day lecture series, with the first lecture being
delivered by Dr. Anil Kakodkar, Chairman of the Atomic Energy Commission. Further,
public lectures and other outreach efforts aimed at engaging the public at large continued,
as did the recently revived children‟s art festival. Finally, on October 30, 2009, the
traditionally celebrated Founders Day held a special significance and saw Institute alumni
and the older staff congregate in large numbers at the Institute.
Exciting results were obtained over the past year by TIFR researchers in the fields
of biology, chemistry, physics and astronomy, mathematics, computer science and science
education through work done both at the main campus in Colaba and at the centres on
other campuses. Planning was continued for setting up academic programmes and the
requisite infrastructure for TIFR‟s new campus in Hyderabad. The inaugural event for the
International Centre for Theoretical Sciences was held in Bangalore. A selection of some of
the research highlights in various fields is summarized below. In mathematics, it was shown
that the Galois correspondence for fields is related to the density theorem, and significant
results were obtained for the highest weight modules for Kac-Moody Lie algebras. In
computer and systems sciences, interesting results were obtained for a problem in queuing
theory. In astronomy and astrophysics, the properties of thermonuclear bursts from
neutron stars were studied, and new correlations were found. Instrumentation work on
ASTROSAT multiwavelength instruments is about to reach the final stages. Galaxies with
striking morphological similarity were imaged using the GMRT. TIFR scientists continued
their collaborations with accelerator teams in Fermilab, USA, KEK, Japan and CERN,

Geneva, where the Large Hadron Collider has swung into action. In an interdisciplinary
collaboration, a new method using biological cells in laser-matter interactions was found to
produce a hundred-fold enhancement in hard X-ray emission. New first order phase
transitions were found in the compound Tb5Si3. A morphogenetic transformation in
Drosophilla was used to understand the role of mechanical stimuli in the regulation of cell
behavior. A single-molecule atomic force microscope was constructed to study the
mechanical properties of biological molecules.
The Institute has increased its student intake substantially over the past five years,
and has enhanced the training of graduate students at the research level both at the main
campus and various centres. Further, TIFR also engages with nurturing talent though
activities at the Homi Bhabha Centre for Science Education. A couple of hundred students
from across the nation were given experimental and theoretical training at the HBCSE, and
Indian teams at the International Science Olympiads performed very well, winning 35
medals overall. Through its commitment to imparting high level training to young
researchers at the postgraduate and postdoctoral level as well as nurturing talent in younger
students, TIFR continues to fulfill Homi Bhabha‟s vision of helping to create the scientific
workforce for the future.
I would like to thank Sukant Saran for his help in preparing this Annual Report.

Mustansir Barma
Director
---------
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Highlights of the Research Activitie s
(2009-10)
The Tata Institute of Fundamental Research was engaged in high quality research in
basic sciences. The highlights of the various activities are mentioned below.

School of Mathematics
Academic programmes continued in in various areas including Algebra, Algebraic
Geometry, Lie Group, Ergodic Theory, Number Theory, Combinatorics and Topology at
Mumbai and applications of mathematics at Bangalore. The following are some of the
results proved by members of the School of Mathematics during the academic year 200910.
 Complete classification of the moduli spaces of coherent systems on a genus one nodal
curve was done.
 A general version of Schmidt‟s game was introduced and applied to study largeness of
subsets of euclidean spaces.
 Fundamental groups of some elliptic and hyperellipic fibrations on smooth algebraic
surfaces were described.
 Harmonic spinors in a coherent family of representations are investigated and the case
of non-unitary representations is highlighted.
 Highest wieght modules for Loop Kac-Moody Lie algebras with finite dimensional
wieght spaces are studied.
 A problem of Recaman was completely solved and a related conjecture of Pomerance
was answered partially using Jacobsthal function.
 It was shown that the Galois correspondence for fields is related to the Density
theorem.
 A new characterization of generalized line graphs which yields a simple method of
computing all minimal non generalized line graphs was found
 A Conference on Differential Geometric Methods in Algebraic Geometry was
organized during April 6-17, 2009. International Conference on Analytic number theory
was organized during October 5-9, 2009. International Colloquium on Perspectives in
Fundamental Research was organized during March 3-6, 2010
Centre for Applicable Mathematics, Bangalore
 Computational aspects of PDEs in understanding viscous and turbulant flow problems
have been studied which are very important in the context of shape optimization for
flow problems.
 A computer code was developed and tested for numerical solutions of a problem of
flow model in a porous media in 2d.
 Mathematical modelling of problems from Biology and Finance was pursued and an
optimal control model for population dynamics was derived by solving a quasi-linear
parabolic PDE.
---------

School of Natural Sciences
Department of Astronomy and Astrophysics










The instrumentation work on ASTROSAT mission, the multiwavelength Indian satellite
continued. The development of the flight and qualification/engineering models of the
soft X-ray focusing telescope (SXT) with an X-ray (0.3-8.0 keV) sensitive CCD camera
at the focal plane is reaching its final stages. Cadmium Zinc Telluride (CZT) Imager for
Astrosat is in its final stage of fabrication.
An unsuspected correlation among the properties of thermonuclear bursts from
neutron stars was discovered. This correlation will be useful to probe extreme
environments, including the supranuclear core matter of neutron stars.
Deep mid-infrared imaging of the giant dark star forming cloud L1630 with Spitzer
conclusively showed triggering of formation of stars by expanding HII regions (the
image was chosen as the cover illustration of Astronomy & Astrophysics).
A new Herbig Haro object was discovered in the dark cometary globule Ori I-2 using
deep mid-infrared imaging with the Spitzer Space Telescope.
HF, H2O+ and OH+ were detected in the diffuse interstellar medium using absorption
studies with Herschel Space Observatory.
Magnetic fields in the solar interior were studied using the even-order frequency
splitting coefficients of solar oscillations to find that the observed data are best fit by a
combination of a dipole field and a double-peaked near-surface toroidal field.
An exact scalar field model was obtained in cosmology that incorporated the accelerated
expansion of the universe, without using any adhoc assumptions, and without violating
any of the physically reasonable energy conditions.
Evolution of astronomy over the entire time period of human evolution from early
megalithic architecture to Indus valley civilisation and the historic period was studied.
As an off- shoot of this study, some interesting work on the nature of the Indus script
and the Indus valley civilisation was carried out.

Department of Biological Sciences










We provided evidence that blocking the alpha2 adrenergic receptor simultaenously
along with treatment with a classical antidepressant can speed up the trophic,
neurplastic and behavioral responses to antdiepressant treatment. This work was
highlighted in Nature Medicine and Nature Reviews Neuroscience.
A sex-bias in susceptibility to malaria was established and it also was reflected in the
metabolic responses to the disease.
In another study it was discovered that transcription factor Lhx2 is critical for eye
development.
A morphogenetic transformation, dorsal closure in Drosophila, was used to uncover the
primacy of mechanical stimuli in the regulation of cell behaviour
We studied the mechanistic details of the difference between Dynein and Kinesin in
endosome maturation. We showed that a specific combination of kinesin and dynein
motors, each having different molecular property, comes together, in vivo, in a tug-ofwar to effect regulated transport and fission of endosomes.
Cryo-Electron Microscopy Facility was established in 2007 with a Zeiss Libra 120
EFTEM and two utracut sectioning machines. It is now running at optimum and
several members from the institute and from outside has availed it for their research.
It is clear that the several thousands of neurons and millions of connections are unlikely
to arise by a hardwired genetic program. We have shown how a combination of genetic
programs and spontaneous or evoked activity within circuits can influence
development, maintenance and plasticity.

Department of Chemical Sciences










A sequence- self-association paradigm has been deciphered in the GTPase Effector
Domain (GED) of dynamin, an important protein for endocytosis. A new strategy has
been designed to observe NMR signals from the core of the megadalton size huge selfassembly of the molecule.
Homonuclear dipolar decoupling methods were developed at high magic-angle spinning
frequencies of up to 70 kHz and a theoretical understanding obtained with bimodal
Floquet theory. Heteronuclear dipolar decoupling schemes were developed at rotaryresonance conditions where normally recoupling happens.
A kit was developed for a single molecule level fluorescence spectrometer, which is an
advanced research spectrometer that can measure molecular size, antigen binding, and
protein aggregation involved in diseases such as Parkinsons and Alzheimers.
Metabolic alterations that correlate with transition of non-cerebral malaria to cerebral
malaria were studied in mice.
A single-molecule atomic force microscope, the first of its kind in India, has been
constructed for studying the mechanical properties of biological molecules.
A facile and simple process has been detailed for the synthesis of titanium glycerolate
nanofibers using glycerol as both a solvent and a chelating agent.
Rational design of the active site of cytochrome P450cam from P. putida was shown to
efficiently recognize halogenated aromatic hydrocarbons and several other unnatural
substrates. In view of developing an efficient method for biodegradation of dieldrin and
analogues we designed different site-specific mutants of cytochrome P450cam based on
the molecular modelling studies and carried out detailed spectroscopic, kinetic and
structural studies on interaction of these pesticides with the mutants of cytochrome
P450cam.

Department of Condensed Matter Physics and Materials Science











Investigations were made in the area of superconductivity and Magnetism,
semiconductors, nano-structures and soft matter physics.
Among the results obtained on „intemetallics‟ in the bulk form, the most noteworthy
finding is that the compound Tb5Si3 was shown to exhibit an exceptional field-induced
first order magnetic transition at low temperatures as though there is an evidence for
„inverse metamagnetism‟.
Using THz radiation, imaging was done of the Leaf kept hidden inside a standard
brown envelope. The image of the leaf is visible in THz image.
A complex but ubiquitous phenomenon of delamination in materials, commonly known
as peeling, flaking, chipping etc. was studied. Our work provides both experimental
results and theoretical analysis which show the dependence of the physical scale over
which delamination happens on the rigidity and the strength of adhesion of the system.
We studied the surface states of rare-earth hexaborides - an important class of materials
used extensively in technology. Our experiments suggest the appearance of surface state
at about 1.7–1.8 eV binding energy in all the compounds studied - the eigenenergy of
the surface states is not influenced by the presence/absence of 4f bands indicating it to
be generic phenomena in hexaborides.
We explored physics of nanometer scale in Non-equilibrium breakdown of quantumHall state in grapheme and probed thermal expansion of graphene and modal
dispersion at low-temperature using graphene NEMS resonators
We fabricated in-situ low temperature scanning tunneling microscope operating down
to 300mK for spectroscopic studies on superconductors.



The semiconductors group has worked on the epitaxial growth of novel group III
nitride materials, including non-polar oriented layers and also synthesized InAs
nanowires for various single nanowire devices.

Department of High Energy Physics







In the Department of High Energy Physics scientists collaborated in the international high
energy physics experiments in CERN, Geneva; Fermilab, USA, and KEK, Japan.
With beams routinely circulating in the Large Hadron Collider at 3.5 TeV, the highest
energy yet achieved in a particle accelerator, the first attempt for collisions at 7 TeV (3.5
TeV per beam) was made in March.
The India-based Neutrino Observatory (INO) collaboration is planning to build a
50kton magnetised Iron Calorimeter (ICAL) detector, to study atmospheric neutrinos
and to make precision measurements of the parameters related to neutrino oscillations.
The 12-layer ICAL‟s prototype detector stack built using 1mx1m RPCs is in continuous
operation for more than two years at TIFR.
Observations were made of the gamma-ray pulsars, active Galactic Nuclei and Binary
objects with PACT at Pachmarhi and HAGAR at Hanle.
The first Fermionic and multi-species cold atoms trap in the country is set up and tested
with Potassium-40 atoms trapped and cooled to a temperature below 100 micro-Kelvin.
The set up also cools and traps the Bosonic isotopes K-39, K-41 Rb-85 and Rb-87.

Department of Nuclear and Atomic Physics









Spectroscopy of non-Yrast states was carried out for probing the critical point
symmetry and coupling of extreme excitation modes in transitional nuclei.
A new method of using biological cells as designer target to produce more than a 100
fold enhancement in hard x-ray emission in laser-matter interactions was discovered.
New insights into the dynamics of electron-molecule resonances have been obtained
using ion momentum imaging.
A Thomson Parabola spectrometer has been designed and implemented to analyze the
charge states and energies of the ions produced in laser-plasma interactions
experiments.
We showed for the first time that clusters can be used to generate neutral atoms
accelerated to energies as large as an MeV.
A new ECR-based low energy highly charged ion-accelerator on a high voltage deck has
been installed and made operational. The experiments are running with the deck
voltage~160 kV.
We have made detailed microscopic investigation of local magnetic interaction in
HOPG by measuring hyperfine field of 19F by means of time differential perturbed
angular distribution (TDPAD) method using the pelletron accelerator facility of TIFR.
Typically, random lasers exhibit a stable broadband mode, or several ultranarrow modes
with largely fluctuating frequency, or unstable frequency. These fluctuations in
wavelength span a range of about 10 nm. We found that, in a linear array of
microspheres, we could obtain simultaneous ultranarrow lasing modes with a large
stability in lasing frequency when the gain curve of the lasing medium was engineered to
match the maximum of the Fabry-Perot modes of the microspheres. A patent has been
filed

Department of Theoretical Physics


A novel Kondo effect was discovered in a study of magnetic impurity effects in the
honeycomb lattice S=1/2 Kitaev model which shows a Z2 spin liquid behaviour over a
range of parameters. The scaling of the impurity coupling was found to be independent
of its sign, with an intermediate coupling unstable fixed point separating weak and










strong coupling sectors. Most interestingly, the unstable fixed point separates
topologically different sectors: the strong coupling sector is associated with a finite Z2
flux (a non-abelian anyon), while the weak coupling sector is flux free.
Next-to-leading order QCD corrections to boson pair production at the LHC in extra
dimension models.
A novel phenomenon of “multiple splits” in the spectra of neutrinos from a supernova
was discovered and analytically investigated.
The chiral anomaly relation was shown non-perturbatively to remain the same at finite
density. A new simpler lattice Dirac operator for nonzero density was proposed and
shown to have desirable properties. Smooth behaviour was predicted for certain
observables at current RHIC and future LHC energies, any deviations from which
signal the presence of a nearby critical point. A better method define a renormalized
Polyakov loop, the order parameter for the deconfinement transition, was given. A state
of massive “constituent” quarks was argued to exist as an intermediate phase between
confined nuclear matter and the plasma of deconfined massless quarks and gluons.
The novel Higgs mechanism was used to determine the leading higher-derivative
corrections to Bagger-Lambert-Gustavsson field theories related to membrane
worldvolumes in M-theory and evidence for a universal answer was obtained.
A Nambu-Jona-Lasinio type four-fermion coupling at the z=3 Lifshitz-like fixed point
in 4 dimensions was shown to be asymptotically free and to generate a mass scale
dynamically. The RG flows in the space of couplings of this system were shown to
include a new fixed point (apart from the z=3 Lifshitz fixed point and the free field
fixed point) characterized by z=1 scaling and a violation of Lorentz invariance, which
cannot be tuned away by adjusting a parameter.
The relation between 4d N = 2 supersymmetric gauge theories and 2d Toda CFT was
studied.
---------

Centres of TIFR
International Centre for Theoretical Sciences
 The Inaugural Event for the International Centre for Theoretical Sciences was held in Indian
Institute of Science, Bangalore during 27-31 December 2009. A number of conferences
and workshops were organized during the year.
Homi Bhabha Centre for Science Education, Mumbai
 The Homi Bhabha Centre for Science Education hosted the Peoples' Education
Congress (Science Education) in October 2009 and a science festival for students and
teachers, Vigyan Vividha in November 2009.
 The Olympiads related activity was carried out by conducting countrywide selection
examinations. Out of the 36 student team members who represented India in the
International Olympiads in Physics, Chemistry, Biology, Mathematics, Astronomy and
Junior Science, 35 bagged medals and this included 13 gold medals. Over 200 of the
best students from across the nation were given experimental and theoretical training at
HBCSE. Further, more than two hundred teachers attended resource generation and
exposure camps, some from Nepal and Bangladesh.
National Centre for Radio Astrophysics, Pune
 The highest angular resolution GMRT HI images show that the ionized superbubble,
identified by Thuan, Izotov & Lipovetsky, in the Hubble Space Telescope images of






SBS 0335-052E, is extended along one of the diffuse tidal features, and that there is a
high-density HI clump at the other end of the superbubble.
An intriguing pair of galaxies with striking morphological similarity in the optical
SDSS image has been imaged in the HI 21cm line using the GMRT. We have
detected hydrogen emission from the larger galaxy at a redshift of 0.0693 with the
peak significantly displaced from the optical peak.
We have estimated the emission height of the core components, and hence found the
absolute emission altitudes corresponding to the conal components of the pulsars
PSRs~B1839+09, B1916+14 and B2111+46.
HI absorption towards the central region of the rejuvenated radio galaxy 4C29.30
(J0840+2949) has been reported with the GMRT.

National Centre for Biological Sciences, Bangalore
 Research at NCBS covers the Areas of Biochemistry, Biophysics and Bioinformatics,
Cellular Organization and Signaling, Genetics and Development, Neurobiology,
Ecology & Evolution and Theory, Modelling and Analysis.
 Many of the groups at the Centre, while formally placed in one of these Areas, actually
carry out research spanning several areas - often in collaboration with other groups in
the Centre.
 We have an active iBio (integrative Biology) program in collaboration with the Raman
Research Institute and enthusiastic interactions with chemists and physicists from
several institutions.
 We are keen to foster relations with medical institutions and to this end have initiated
several joint programs for research with faculty at the Christian Medical College,
Vellore.
 Our ties with the University of Agricultural Sciences, on whose campus we are located,
remain strong with several ongoing research collaborations.
 With the energy of youth and the vigorous admixture of inputs from diverse
backgrounds, the Centre is kept in ferment, receptive of new ideas and striving to build
on accomplishments.
---------

School of Technology and Computer Science
The School of Technology and Computer Science made important original
contributions in the various areas of Computer and Systems Sciences, namely
computational complexity, Stochastic Adaptive Systems, Logic in Computer Science,
Networks, Formal Verification, and Speech & Signal Processing.
 We studied the following set membership problem in the bit probe model: given a set S
from a finite universe U, represent it in memory so that membership queries of the
form “Is x in S?'' can be answered with a small number of bitprobes. We obtained
explicit schemes that come close to the information theoretic lower bounds, and
improve previous results when the size of sets and the number of probes is small.
 We proved a #NC1 upper bound for the problem of counting accepting paths in any
fixed visibly pushdown automaton. Our algorithm involves a non-trivial adaptation of
the arithmetic formula evaluation algorithm of Buss, Cook, Gupta, Ramachandran.
 Convergence of stochastic approximation algorithms was analyzed when the noise is
heavy tailed and long range dependent.









We have re-examined the social nature of proof and program development and shown
that though its social aspect is uncontroversial and ineluctable, at the same time formal
verification is not antithetical to it. We have shown how formal verification can be
made to cope with the social aspects, and at the same time can also be made to ease and
enhance the collaborative nature of the process of development of program correctness
proofs
We have demonstrated a novel, table-free technique for detecting all temporal and
spatial memory access errors (e.g. dangling pointers, out-of-bounds check, etc.) in
programs supporting general pointers. The technique is the first technique to provide
such error checking using only constant-time operations.
The efficiency of analysis and optimizations for parallel programs depends on the
number and complexity of pi assignments in their CSSA representations. We
demonstrated that our approach of computing CSSA form for languages supporting
general barrier synchronization improves the precision of intermediate representation
for computing global value numbering and optimizations such as partial redundancy
elimination, common sub-expression elimination and loop invariant detection. We also
demonstrated its application to analysis of systolic algorithms and discovery of potential
data races. A patent was filed.
A paper "The Concert/Cafeteria Queuing Problem: A Game of Arrivals," jointly
authored by S. Juneja (TIFR) and Rahul Jain (Univ. Southern California, San Diego,
USA), was chosen for the best paper award at the ICST Fourth International
Conference on Performance Evaluation Methodologies and Tools (Valuetools 2009).
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