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DEPARTMENT AT A GLANCE
Total number of faculty members at present: 11
Awards and honours of faculty members:
Shanti Swarup Bhatnagar Prize:
Swarna-Jayanti Fellowship:
B. M. Birla Science Prize:
INSA Young Scientist Medal:
NASI Scopus Young Scientist:
Fellow of Indian Academy of Sciences:

2
4
2
7
1
3

Infosys Prize:
DAE-SRC Award:
TWAS Fellowship:
J. C. Bose Fellowship:
Fellow of INSA:

1
2
1
2
2

Number of Students, Post-Doctoral Fellows, Staff:
Graduate students at present:
Post-doc Fellows at present:
Junior Research Fellows at present:
Scientific & Technical staff at present:

29
7
4
25

PhD awarded (2008 – 2018):
Post-doc Fellows (2008 – 2018):
Other staff at present:

30
40
27

Nationally Unique Facilities Hosted by DNAP:
Pelletron-LINAC accelerator
INGA detector array
ECR ion source with 400kV accelerator

100 Terawatt Laser System
CEP Stabilized few cycle, femtosecond laser

Publications in refereed journals since 2008:
Total > 600
Nature Physics: 2
Phys. Rev. Lett.: >25
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Nature Commun.: 2
PNAS: 1

PREAMBLE
Welcome to TIFR and to the Department of Nuclear and Atomic Physics!
This is a brief outline of the activities of the Department in the past ten years. The idea is to provide a
sense of the present ‘personality’ of the Department – its ambitions, interests, capabilities and very
recent achievements. The Department has had a rich history from the 1950s and glimpses of that are
provided at the end.
Our research profile begins with nuclear and atomic physics but goes on to span areas from molecular
physics, optical physics, condensed matter physics, plasma physics and almost touches astrophysics.
We have eleven faculty members in charge of laboratories equipped with state-of-the-art tools and
the Department boasts of several research activities that are interwoven with a subtle but noticeable
theme namely, fundamental interactions over a wide range of length scales and monitoring them over
extremely short timescales. More precisely, our investigations aim at the nucleus, the atom, the
molecule, molecular aggregates, and solids. The primary channel of studying these interactions is
collisions, either among the physical entities themselves, or with photons.
Before getting into the specifics of the Departmental activities, it is worthwhile to note a few generic
facts that identify TIFR in general and this Department in particular. We are a predominantly
experimental Department. The character of the Department, or should we say the DNA of DNAP, is
defined by its philosophy of building new experiments, often from scratch, and building and sustaining
new facilities. At this point of time, the major facilities include a Pelletron-LINAC accelerator, an INGA
detector array, an ECR ion source with 400 kV accelerator, a 150 terawatt, femtosecond laser system,
a CEP stabilized few cycle pulse laser and a Rare-decay studies system. These facilities have enabled
inter-departmental collaborations within TIFR, and several collaborations outside of TIFR within the
country and abroad, leading to an ever-expanding national and international footprint of the
Department. On the national front, the Department holds the leadership role in Indian National
Gamma Array (INGA), Accelerator Technology, and Intense Laser Science. In the International arena, we
are equal partners with GANIL (France), GSI (Germany), Notre-Dame, Rutherford Appleton Labs (UK),
INFN (Italy), and Universities such as Osaka, York, Hebrew, Pisa. The Departmental facilities have
ignited active research efforts that have led to over 600 refereed publications in the last ten years. The
journals covering the papers include Nature Physics, PNAS, Angewandte Chemie, Nature
Communications and Physical Review Letters. Some of the accolades earned by the Department
faculty include nationally acclaimed recognitions such as the Infosys Prize (1), Bhatnagar Award (2),
TWAS Fellowship (1), DAE-SRC Awards (2), Swarnajayanti Fellowships (4), Ramanujan Fellowship (1), J
C Bose Fellowship (2), INSA Young Scientist Medals (7), B M Birla Awards (2), NASI Scopus Young
Scientist Award (1) and so on.
Faculty give invited and plenary talks at major international conferences and are members of several
national and international decision-making bodies. They also regularly host international visitors for
short and long term interactions.
In the last ten years over 30 students have been awarded PhD degrees, and around 30 are currently
working towards theirs, each one of them highly trained in cutting-edge experimentation or
theoretical tools. Several of our students have been awarded the Best Thesis Awards, and all of them
are highly placed at top institutes across the world for their postdoctoral stints. In the last five years,
several students from outside TIFR have achieved their academic goals using the departmental
facilities, such as Pelletron-LINAC facilities (~25 PhD theses), ECR Ion source (5 PhD theses), Intense
laser lab (6 M.Tech & PhD theses). 23 undergraduate engineering and Master’s students in and around

4

Mumbai implemented their academic projects in the Department. Our faculty have contributed heavily
to teaching of a variety of courses and shouldered academic and administrative responsibilities.
Traditionally, the DAE has been the predominant funding source for TIFR. In addition, we have received
funding from external sources such as Department of Science and Technology, University Grants
Commission - Israel Science Foundation etc.
In nuclear physics, the studies are broadly centred around nuclear reactions (fission and fusion),
gamma spectroscopy of high angular momentum nuclei, nuclear shapes, study of nuclei far from the
stability line, giant dipole resonances and so on. Theoretical studies are pursued on nuclear multifragmentation and relativistic hydrodynamics in quark gluon plasma. A unique programme that we
pursue is in rare decay studies – neutrino less double beta decay. Many of these programmes and
many beyond the Departmental ambit are driven by a LINAC that has been built and continuously
modernized by the Department, so accelerator physics is also an active goal. In the realm beyond the
nucleus, they deal with collisions of atomic and molecular ions with each other and with photons,
capturing the electron rearrangement dynamics, study of transient species, electron induced (bondselective) chemistry (pioneered by this Department), dissociation dynamics of negative ions, excitation
of core electrons and inner shell ionizations dynamics, measurement of cross sections for specific
exchange processes, Young’s double slit type interference effects in collisions etc. The Department
also pursued studies of local magnetism using dopant atoms in condensed media. Moving on to
photon based studies, the study of light propagation in random (disordered) media revolving around
light localization (in parallel with Anderson localization), random lasing, nano-optics and near field
microscopy of nanostructures are themes that are being pursued vigorously. The Department has
actively pursued intense, femtosecond laser interaction with matter in all forms – gaseous clusters,
liquids, planar solids, solids with structured surfaces and so on. Some of the major results have dealt
with turbulent megagauss magnetic fields, transport of relativistic, mega-ampere, femtosecond
current pulses though dense media, neutral atom, positive ion and negative ion acceleration and
bright hard x-ray emission at the Colaba campus. Recently, we have embarked on research on cold
molecules with a colleague who has just joined us and brings high quality expertise in this area. We are
also initiating studies on attosecond science, focusing on molecular processes – this is against the
backdrop of recent instrumentation advances in our laboratories on COLTRIMS. All these themes also
point out to the strong collaborations that members continuously build across disciplines with
colleagues at TIFR and outside.
With these words, we hope you will find this document informative and useful.

Thank you.
DNAP, TIFR
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HIGH ENERGY DENSITY SCIENCE, LASER FUSION, LAB ASTROPHYSICS
G. Ravindra Kumar
A major revolution in laser-matter interaction research was triggered by the advent of intense,
femtosecond laser pulses which boosted peak laser powers to the petawatt levels in a small footprint
and with relatively simple technology (‘extreme’ light, which won half of the Nobel Prize in Physics
2018). The major physics interest in this area arises from the fact that we can create extremely hot
plasmas that are simultaneously dense: a highly excited state of matter, found only in stellar
atmospheres. It is possible to create plasmas with temperatures of a 102–103 eV which have free
electron densities of the order of 1022-23/cm3! In addition these plasmas contain ‘hot electrons’ that
are extremely energetic, going all the way up to tens of MeV energies. These relativistic electrons can
propagate out of the plasma like a highly directional beam or they can transfer their energy to the ions
leading to MeV ion generation. They can also lose their energy by way of ultra-hard x-ray radiation.
These hot electrons are also responsible for the generation of the largest magnetic fields known on
the earth- hundreds of megagauss! And these magnetic fields also have ultrafast duration. Research
in this area not only addresses cutting edge questions in basic science on matter and radiation, but is
also enormously important for laser fusion, laboratory astrophysics, novel x-ray sources, particle
acceleration and so on. Over the last few years, our research has obtained the following major results
(some key papers are highlighted in parenthesis).
 Demonstration of turbulent giant magnetic fields in intense laser produced dense plasmas. This
breakthrough has been acknowledged to be capable of simulating astrophysical magnetic
turbulence in the laboratory. (PNAS 2012, Nature Commun. 2017, Rev. Sci. Instr. 2014; earlier
work- Phys. Rev. Lett. 2002, Phys. Rev. E 2006, Phys. Plasmas 2009)
 Demonstrated ‘super-filamentary’ transport of mega-ampere currents of MeV electrons in carbon
nanotube arrays. Such transport is acknowledged to be crucial for investigating the efficacy of ‘fast
ignition’ of laser fusion. (Phys. Rev. Lett. 2012)
 Unraveled the ultrafast dynamics of the ‘critical density surface’ in a laser produced,
inhomogeneous plasma. This is important to understand the process of laser absorption in dense,
hot matter This is a major step forward in understanding ultra-rapid plasma motion. Discovered
terahertz acoustics driven purely by hydrodynamics in the plasma. (Phys. Rev. Lett. 2010, Phys.
Rev. Lett. 2015, Phys. Plasmas 2012, 2014, 2018; earlier work- Phys. Rev. Lett. 2005).
 Pursued novel ways of monitoring transport of relativistic electrons ‘in situ’ in transparent solids via
Cherenkov emission. Measured the lifetime of these electrons and showed them to be
extraordinarily long. This information is crucial for devising novel radiation sources and for laser
fusion. (Phys. Rev. Lett. 2010, Phys. Rev. Lett. 2018, Rev. Sci. Instr. 2019)
 Devised methods for efficient coupling of high intensity laser light to solid plasmas by surface
structuring (Phys. Rev. Lett. 2008, Phys. Rev B 2011; earlier work- Phys. Rev. Lett. 2003, Opt. Lett.
2004, Phys. Rev. Lett. 2006)
The above milestones have contributed significantly to establishing TIFR as a global player in this
research area, broadly called ‘High Energy Density Science’. This is evident from: a) peer
approval/recognition in terms of high profile papers, b) Plenary and Invited talks at major conferences,
3) decision making positions on international scientific committees, 4) Best Poster/oral presentation
awards at international conferences for our students, 5) Invitation to host a major international high
power laser conference in India and e) Coverage in international press.
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The future:
With the above experience under the belt, we are marching towards the highest possible laser
intensities (~1022 W/cm2) using a Petawatt laser system. The plan for a Petawatt laser has been
approved by Council of Management as early as 2012 and reaffirmed to the DAE many times since.
This project has been inordinately delayed as it was linked to the approval for the new TIFR campus in
Hyderabad. It is hoped that the final clearance for the project will be received soon and we will make
quick progress and make up for lost time. With the Petawatt laser system, we will explore problems in
relativistic nonlinear optics, particle acceleration, quantum electrodynamics and also applications of
the radiation generated (particularly ultrafast x-rays and gamma rays) in condensed matter systems
and biology. Specifically, the research group seeks to go forth on one or more of the following
themes, all of which are at the cutting edge of science and technology.
a) Capitalizing on the vast experience we have acquired over the past decade, I will pursue the twodimensional, micron space resolved studies coupled with femtosecond time resolved monitoring of
the plasma – a major leap forward in understanding the plasma dynamics. This should give the
most complete information on the plasma dynamics ever obtained. Doing this at the highest
intensities will open up a totally new frontier that is crucial for the highest intensity physics ever
studied. The possibilities are exciting for shock and transport studies.
b) Giga-Gauss magnetic field evolution and turbulence- Astro analogues in the lab.
c) Radiation reaction in ultrahigh intensity laser interaction with charged particles and what they imply
for quantum electrodynamics. This area is just being opened due to the required high intensities
becoming available.
d) Devise electron beams at GeV particle energies and proton beams at MeV particle energies; study
the optimization of such sources.
e) Apply the x-ray, electron and proton beams generated for probing condensed matter and
biological systems at femtosecond time resolution and nanometre spatial resolution.
I will continue using the 150 terawatt laser at Colaba for the experiments already under progress and
seek better and better understanding of the basics of high intensity physics. This programme is robust
and vibrant and should give us plenty to get excited about, as it has done already.

Time and space evolution of Giant Magnetic Field in hot, dense laser produced plasma. The 2D pictures
show the randomization of the Giant Magnetic Field and their power spectra indicate turbulence.
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ULTRASHORT PULSE HIGH INTENSITY LASER LABORATORY
M. Krishnamurthy
The main theme of my research is to explore ionization, recombination and plasma dynamics of
matter exposed to intense (1016-1018 Wcm-2) ultra-short infrared laser pulses specifically to probe
particle acceleration mechanisms and to optimize the x-ray, electron or ion yields.
Non-linear, non-perturbative interaction of strong laser fields with matter is complex especially when
multi-particle dynamics is probed. Collective behavior that sets in completely changes the dynamics of
interaction and new phenomena emerge that cannot be rationalized a priori. Transient electrostatic
fields can reach up to 100 GV/m depending on the laser intensity and pulse duration. Large
electrostatic fields generated are known to accelerate electrons and ions. Dense burst of electrons
and ions form a novel laboratory to explore electronic excitation, ionization and recombination that
are hitherto unknown or not possible in any other experimental conditions. The interaction dynamics
depend on the size, shape and the nature of matter, laser intensity, pulse duration and a host of
parameters. My research spans from looking at nano-particle, micro-particle produced plasmas and
see how the physics changes in these systems compared to the plasma produced by the bulk
conventional solid targets. The last five years of my research have resulted in uncovering many new
phenomena accompanied in developing novel instrumentation and diagnostics. The following gives
some of the brief points of research and contributions to the field:
A. Neutral atom and negative ion acceleration:
Intense laser produced plasma were known only for charge particle acceleration in the past three
decades or so of research. The fact that they are also efficient accelerators for neutral atoms or
negative ions was unraveled in a series of papers we have written in the past few years.


In cluster nanoplasmas, we discovered a novel, totally non-intuitive paradigm of generating
accelerated neutral atoms and negative ions. We find that the low energy electrons formed in the
nanoplasma form a sheath of Rydberg excited systems that can have orders of magnitude larger
charge transfer cross sections. We showed that under suitable conditions nearly 100% of the ions
accelerated by the electrostatic potentials in the plasma can be reduced to neutral atoms with the
same velocity of the ions, paving way to one of the most efficient compact MeV neutral atom
acceleration schemes. Different facets of this work are published in Nature Physics 9 185 (2013),
Phys. Rev. Lett. 111 143401 (2013), New. J. Phys. 15 43036 (2013, New. J. Phys. 17 230033
(2015), Physics of Plasma (Letter) 20 120701(2013), Phys. Rev. A 87 053201 (2013).



We find that the feature of neutral atom acceleration is not unique to cluster nano-plasmas but
also to plasmas generated in solid targets. Laser produced plasmas can produce copious low
energy electrons and the electron temperature can be manipulated to reduce nearly 100% of the
heavy ion charge states of Cu by electron ion recombination [Sci. Reports 7 3871 (2017)]. Even in
high contrast relativistic intensity laser-solid or laser-foil produced plasma, we show that
Hydrogen atom emission is imminent and amounts to 60-80% of the proton signal (<100keV).
Low energy electrons co-propagate with the ion and bring in electron-ion recombination far from
the target as demonstrated in [Phys. Rev. Lett. 121 134801 (2018)]. Improvisation in the ion
spectrometry also brings out negative ion formation and the first direct observation of the elusive
electron attachment to H is seen in laboratory experiment (manuscript under review). Electron copropagation scheme is universal and seems to answer many observations that have not found
suitable explanation thus far. Fast neutral H atoms formation is also seen in TNSA scheme at
relativistic intensities showing aspects of the atomic physics in intense laser produced plasmas
that have been not been explored in the past few decades of intense laser studies.
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B. Local fields and manipulating x-ray/electron/ion emission in laser produced plasmas:
A new paradigm on biologically inspired plasma science is initiated with this study. Local fields can
change the plasma generation and can enhance the plasma temperature by modifying the plasma
fields formed on solid substrate. We discovered one of the most efficient methods of x-ray emission in
laser-produced plasmas by using biological cells like E.coli. Electrostatic potential on the surface
becomes anharmonic and leads of efficient hot electron generation and insertion of nano-particles in a
micro-particle like E.coli can bring out a 10000 fold enhancement in hard x-ray emission. The plasma
can be manipulated to selectively enhance heavy ion acceleration or proton acceleration depending on
the way the e-coli can be used in intense laser produced plasma. This work lead to filing an
international patent [PCT/IN2009/000632; US20120228523, 2012] and intense laser plasma science
is reported in Opt. Exp. 20 5754 (2012), Opt. Exp. 23 17909 (2015), AIP Advances 7 095018 (2017),
Phys. of Plasma (Letter) 24 010703 (2017), Sci. Rep. 5 11930 (2015), Sci. Rep. 4 6002 (2014).
C. Nanocluster ionization and nanoplasma dynamics:
Though a number of experiments are carried out to probe different facets of the nanoplasma, some of
the crucial information regarding the ionization dynamics is incomplete and ambiguous. What are the
charge states formed in nano-plasma ionization? And how do they change with pulse width. Are
collective mechanisms in nano-plasma playing a role when the pulse duration is decreased? We have
setup new experiments using pump-probe techniques to explore the nanoplasma physics. Probing
nano-plasma dynamics revealed absence of the role of collective mechanisms in short pulse
ionizaiton of nano-clusters. Some of this work is published in the following Phys. Rev. A 85 023201
(2012), Phys. Rev. Lett. 107 173402 (2011), New J. Phys. 14 075016 (2012), Phys. Chem. Chem. Phys.
16 8721 (2014), Sci. Rep. (under review), Plasma Phys. Lett. (under review).
D. Micro-particle plasmas for relativistic electron generation:
We have started a new laboratory at TIFR Hyderabad where a short pulse laser (6mJ; 20fs; kHz) is
used for intense laser plasma science. The aim of the work was with the perspective to find novel
ways to generate high temperature plasmas with high brightness and average current. We have
developed two experiments in this study:
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A liquid droplet experiment where a 15 µm droplet is used to form a micro-plasma. We found a
novel method by which we can generate dynamic structure in the liquid that can generate
relativistic temperature plasma at meager intensity of 1016 Wcm-2. Electron emission in this
system is not isotropic but with a narrow angular distribution of about 20o controlled by the laser
polarization. The electron energies shows two temperatures with the first component at about
150 keV and the second is nearly 1MeV. Electron energy spans till 6 MeV [AIP advances (under
review)] and the source size is less that droplet size (<20 µm). This electron source was used to
resolve structures smaller than 20 µm by direct shadow-graphy. Currently the physics and
applications are submitted for publication.
A dusty plasma experiment is developed by which any micro/nano paticle can be introduced as a
target for intense laser matter studies [Rev. Sci. Instrum. 88 023301 (2017)]. We have questioned
the role of the low density plasma surrounding the dust particle and demonstrated that the hot
electron yield (with 150 keV temperature) can be enhanced by an order of magnitude by tuning
the ionization of atoms in the low density plasma. Micro-particle is seen to set up plasma waves in
the low density region and stochastic injection of more electrons in these waves brings about the
enhanced electron emission. This work is submitted to Nature Communications for publication. We
have also seen that changing the size of the micro-particle near about the size of the wavelength
of the light has dramatic effects on the angular distribution of the high energy electron emission.
These results are under preparation for publications.

NANO-OPTICS & MESOSCOPIC OPTICS
Sushil Mujumdar
In the last ten years or so, my group carried out experimental and theoretical research activities on
fundamental aspects of mesoscopic phenomena related to light propagation in disordered systems.
Broadly, light propagation exhibits two regimes of transport in disordered systems, namely, diffusive
transport when the disorder is weak, and Anderson localization when it is strong. The latter can also be
realized at weak disorder in low-dimensional systems. In the last 10 years, we have invested our
efforts studying: a) the diffusive regime in three-dimensional structures, and b) Anderson localization
in one and two dimensions.
A. Diffusive transport:
In this sub-activity, a suspension of nanoparticles in an amplifying medium is used as the diffusive
system. We have analysed the non-Gaussian statistics of the output intensity of the system in the
presence of amplification. Such a system is called a ‚random laser‛. We first proposed a way of
quantifying the statistical regime of fluctuations using a Lévy-stable fit which provides tail parameter
 [Opt. Lett. 37, 662-664 (2012)]. Thereafter, we created a map of statistical regimes for varying
disorder strengths, gain and system sizes. We followed up with theoretical work that accurately traced
out the Gaussian to Lévy transition in the statistics [Phys. Rev. A 87, 013822 (2013)]. Finally, we
proposed a theoretical model that explains the entire statistical behaviour (including the GaussianLévy transition and the subsequent Lévy -Gaussian crossover) on the basis of a stochastic process
called the exponentially-tempered Lévy sums [Phys. Rev Lett. 114, 183903 (2015)]. As an aside, we
found that the also serves as a universal identifier of criticality in such disordered amplifying
systems [Phys. Rev A. 90, 025801 (2014)]. Next, the stochastic model revealed the existence of
extreme events in the dynamics, which are rare in number, but dominate the statistics due to their
strength [Opt. Lett. 40, 5046 (2015)]. Further studies on extreme value statistics have revealed a
mechanism to maximise the lasing efficiency of random lasers. In an independent experiment in the
same system, we have studied super-reflection of diffuse light [Phys. Rev A. 91, 053819 (2015)].
Current research activities on diffusive systems include studies of ultra-broadband pulse propagation,
and nonlinear disordered systems. All these experiments were complemented by our own Monte Carlo
Photon Transport simulations, that model photon propagation as three-dimensional random walks.
B. Anderson localization:
This is another activity in the lab, where we design experimental systems to observe Anderson
localization of light. The requirement of strong disorder is circumvented by working in lower
dimensions. This activity can be subdivided into three sections:
 One dimensional Anderson localization and lasing – In this system, we generated a chain of
micro-resonators using a novel fluid dynamic technique that creates aerosols. The ability of making
monodisperse and equispaced microresonators, whose sizes and spacings can be altered on
demand, provides a mechanism of realizing periodic-on-average disorder, which constitutes a
system rich in physics [Opt. Exp. 20, 6598 (2012)]. We experimentally demonstrated periodic-onaverage disorder, and illustrated lasing from the bandgap states [Phys. Rev. Lett. 111, 233903
(2013)]. We experimentally verified an existing theoretical idea which stated that addition of weak
disorder to a periodic system provides higher-quality resonances that reduce lasing thresholds
[Phys. Rev A 91, 053818 (2015)]. This system also demonstrated the least reported (as of then)
frequency fluctuations in random lasers [Appl. Phys. Lett. 104, 131112 (2014)]. We further
demonstrated Anderson localized modes in this system, and measured the temporal dynamics
thereof [Phys. Rev. A 96, 063816 (2017)]. We proposed a theoretical model based on coupled
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cavity-emitter rate equations. The model revealed the existence of gain competition and its role in
temporal behaviour of the modes. We have also identified the critical disorder under which singleparameter-scaling fails in the system [Phys. Rev. B 98, 184203 (2018)]. This activity is now
progressing towards lifetime measurements of Anderson-localized modes, and introduction of
nonlinearity in the localizing system.
 Anderson localization at the hybridization gap in plasmonic systems: The above localization
phenomena occur at the conduction bandedge. We have recently studied localization at the
hybridization gap, which is formed when the dispersive surface plasmon mode in a metal film
hybridizes with a subwavelength resonator made in the same metal film. This was experimentally
studied at terahertz wavelengths where the losses are moderate [Light: Science and Applications
(Nature) 6, e16232 (2017)]. We could independently quantify loss length and localization length,
which is a significant development in the field, where generally lossy systems are completely
avoided. Next, using the tight-binding approximation, we have theoretically studied hybridization
gaps under disorder, and have observed hitherto unknown behaviour in the bandgap modes and
density of states [Phys. Rev. B 98, 024202 (2018)]. Finally, we have uncovered an anomalous
regime of enhanced transport under conditions of Anderson localization at strong disorder at the
hybridization gap.

 Anderson localization in two dimensions: Two dimensional structures can harbour a diffusive to
localized transition, and are hence of immense interest. In this most recent subproject, we have
realized two-dimensional structures in Gallium Arsenide membranes wherein disorder is written
using lithography. A wide range of disorder is realized, beginning with near-periodicity upto
amorphous disorder. We have measured localized modes both at near-periodicity and amorphous
disorder. Next, we have quantified the generalized conductance fluctuations at all disorder
strengths. We find that the localization at the two limits of disorder is qualitatively different, with all
states localized at strong disorder but only a few at near-periodicity. Next, we studied the effect of
finite-support on the transport through such systems, and modelled the transport using a model
that we have developed, based on an augmented tight-binding approximation. At strong disorder,
the structure can be approximated as a combination of potential wells, which is a novel idea we are
currently developing. Further current studies on the system include localization in the presence of
nonlinearities.
Apart from the above-listed publications, we have
several more publications on results that are either
peripherally connected to these projects, or are
generated through collaborations.

The image shows the transition of a Bloch mode
(bottom panel) to a weakly-localized mode (middle
panel), finally to an Anderson localized mode (top
panel), with increasing disorder strength.
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ACCELERATOR BASED ATOMIC PHYSICS
L. C. Tribedi
Deepankar Misra
We have initiated a set of pioneering collision experiments involving fast ions from accelerators with
atoms, molecules, clusters, bio-molecules, nano-particles and obtained several important results in
the emerging area of interdisciplinary science. These include:
a) Young type electron interference in molecular double slits, many-body correlation and collective
excitation in meso-bio-nano systems such as C60, biomolecules-DNA/RNA bases & PAH molecules,
b) scaling laws for ionization of water and biomolecules as inputs for radiation damage in hadron
therapy of cancer,
c) the dominance of fluorescence decay over autoionization, and
d) collision dynamics of ion-atom ionization in pure 3-body collisions and inner-shell processes.
To achieve these goals, we built a range of major innovative experimental facilities and
instrumentation towards accelerator and e-beam based setups. We established an in-house lowenergy highly charged ion beam facility based on Electron Cyclotron Resonance (ECR) and a range of
state-of-the-art (electron, recoil-ion, x-ray) spectrometers based scattering-setups. This ECR-ion
accelerator is also serving a national purpose. We have also built a COLTRIMS based setup at ECR and
initiated new studies on atomic and molecular fragmentation dynamics.
A. Young type electron-Interference in molecular double slit:
Heavy-ions: Following the earlier investigations on the interference effect in ionization of simple diatomic molecule H2 [PRL 2004, PRL 2005, PRA Rapid Comm 2006, PRA 2008] we have extended
these studies to other aspects such as, second order interference arising from a double-scattering
mechanism [PRA 80, 2009]. In addition, we have also extended it to other diatomic molecules: N2 and
O2 for which the multiple ionization by heavy ions complicates the interference oscillations.
Fast electrons: The experiments are therefore extended to fast (keV) electron collisions too. The
results indicate a clear evidence of the interference which was otherwise debated for heavy-ion
collisions. Important features uncovered are the 1st and 2nd order oscillations in the forward backward
asymmetry. The innovative but simple idea of using angular anisotropy to study interference, has led
to a new series of studies.
Synchrotron photons: Further, in case of other diatomic molecules, N2 and O2, the angular momentum
sensitive interference oscillation was clearly revealed for ‘garade’ and ‘ungarade’ orbitals in
synchrotron (BESY, Berlin) based photoionization experiment [PRL 112, 2014], unlike in heavy ion
collisions [PRA 2012, EPJD 2015].
B. Collisions with Meso-bio-nano systems:
C60 fullerene - Collective Excitation: The Meso-bio-nano science is a new area of research, which is
interdisciplinary in natures since it encompasses several related fields starting from molecular and
cluster physics, extending to novel materials and biological systems. Fullerene is viewed as a
benchmark system for biologically relevant Nucleo-bases and large PAH molecules. A direct evidence
of the giant plasmon-resonances as well as its dipolar nature has recently been provided via the
detection of angle resolved characteristic ‚plasmon-electrons‛- for the first time [PRA 2015]. The
quadrupolar excitation in fullerene could be observed for first time through electron angular
distribution by using an elegant technique of highly perturbative collision system (submitted).
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Plasmon excitation in Coronene: From the study of ion-induced ionization of polycyclic aromatic
hydrocarbon (PAH) molecules, we have demonstrated the existence of the collective plasmon
resonance in coronene (C24H12), via the measurement of forward backward angular anisotropy: a
crucial observation towards the understanding of UV photon absorption by in interstellar medium
[PRA-Rapid Comm. 2015, Sci. Rep. 2017]. The studies in two other smaller molecules are in progress.
Double-to-single ionization in PAH molecules: The dramatic dominance of double ionization over
single ionization for coronene (in complete contradiction in ion-atom ionization) has been observed
which could possibly be related to the multi-electron correlation and plasmon excitation [being
submitted].
Large biomolecules: DNA and RNA bases: Ionization and fragmentation studies of uracil and adenine
are initiated in order to explore the microscopic details of the DNA-strand breaking in radiation
damage during ion-induced cancer therapy. Several important results are obtained for ionization of
uracil and adenine by fast C, O, F ions from ECRIA/Pelletron at Bragg peak region.
a) Total cross section~ q1.5/v1.5 in contrary to expected q2 –scaling law (q=charge-state)
b) Strong deviation of TCS from the best known theories [PRA 2012, JPB 2013, EPJD 2012].
Inclusion of transfer-ionization, reveals excellent agreement [PRA 87, 2013]
c) Large forward e-emission indicates an influence of many body effect [PRA 87, 2013].
Metal-inserted-biomolecules – Iodouracil: Bio-molecules with inserted high-Z atoms, as precursor of
nano-solvated biomolecules, is postulated as radio-sensitizer. An unusually large enhancement in the
e-emission from iodouracil has been measured. A mechanism, based on the atomic giant resonances
in I atom has been proposed.
Ionization and fragmentation of water: Understanding the interaction of HCIs with water is crucial for
modelling of energy loss radiation damage. A series of experiments provide valuable inputs regarding
the applicability of the distorted wave models and also provided a useful scaling law including the
observation of saturation effect [PRA 2013, JPB 2016, PRA 2017, EPJD 2018]
C. Dominance of x-ray fluorescence decay over autoionization in He-like ions:
We have provided experimental observation of the 2p3d→1s3d x-ray line emitted from doubly
excited He-like Si, S, and Cl projectile ions, using a high-resolution bent-crystal spectrometer,
indicating the dominance of fluorescent decay over the autoionization process which is contrary to
earlier expectations based on the quantum selection rules [PRL 111, 2013].
D. ECR plasma diagnosis:
Determination of plasma temperature as a function of density using high energy x-ray detector,
optimization of highly charged ions in ECRIA has been a topic of interest in the last few years. The gas
mixing effect of molecular gas on the HCI production in such (Kr and Xe) plasma has been investigated.
E. Miscellaneous work:
Crucial contributions in a number of contemporary atomic collision issues: angle dependent effective
projectile charge in dressed ion collisions [PRA 2015, JPCS 2015], two center effect in ion-atom
ionization [PRA 2014], deviation from binary collision mechanism for multi-electron atom, Xe [JPB
2015] etc; multiple ionization effect on L- and M-subshell ionization.
Instrumentation and development: Indigenous development of several innovative experimental
setups, such as, continuum electron spectrometer (2 of them), high resolution x-ray spectrometer and
recoil-ion mass spectrometer, multihit-capable-RIMS-imaging spectrometer, charge-state-recoil-ioncoincidence setup, electron-beam based setup etc.
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F. Recoil Ion Momentum Spectrometer and fragmentation of molecular ions:
We have built a recoil ion momentum spectrometer for the study of molecular fragmentation by
measuring complete momentum distributions and kinetic energy release [Rev. Sci. Instrum. 2015].
Two- and three-body breakup dynamics of molecular ions under ion and e-collisions: Sequential
Process in charge-asymmetric dissociation of CO2q+ (q = 4, 5) molecular ions CO2q+ has been
established using the Dalitz Plots and Newton diagrams in HCI collisions. It has been observed that the
molecular structures tend towards deformed geometry as the initial charge on the precursor
molecular ion increases [PRA Rapid Comm 2015]. Similarly for the decay through different channels
of the N2O3+ and N2O4+ the presence of an intermediate rotating NO2+ has been identified [PRA 2017].
In fast (5 keV) electron collisions the two- and three-body breakup dynamics of N2Oq+ (q = 2, 3) is
investigated with a view of concerted and sequential decay mechanisms [JPB 2016].
Velocity and charge state dependence of fragmentation of N2: A systematic depletion of high lying
excited states of N22+ with the increase in projectile charge and a systematic increase of the 11Πg
excited state of N22+ with the decrease in projectile velocity has been observed.
Few-Body Dissociation Dynamics of H2O2: We have analyzed the four-body decay dynamics of H2O2q+
for charge-states q  6+, in this non-planar molecule. In the three-body decay channel a sequential
breakup pathway has also been observed. We also developed a method to separate the interesting
behavior of Cis-Trans isomerism in H2O2 using the three-body Dalitz plots.
G. Development of a Cold Target Recoil Ion Momentum Spectrometer:
After the initial experiments, the RIMS setup has been upgraded to a COLTRIMS set up by augmenting
a double stage supersonic gas jet target setup. A longitudinal momentum resolution of 0.28 a.u. was
obtained which is comparable to the existing spectrometers in use, by other groups.
State-selective capture studies with Ar8+-He interactions: The COLTRIMS setup has been characterized
by measuring state selective electron capture using He as a cold target. The Q-value measurement
was performed and was found to be in good agreement with earlier reported one.
Two-center Young’s double-slit type quantum interference effect in N2: We explored the interference
effect in the molecular-axis orientation dependent transfer excitation process using the COLTRIMS.
Single-capture coincidence measurements ascertain that outer-shell electrons were responsible for
the interference at these low velocities.
Ultrafast intense laser interaction with atoms and molecules: We have initiated the measurements of
molecular fragmentation under ultrafast intense laser irradiation of atoms and molecules using the
COLTRIMS setup. Efforts are on to study the breakup of simple molecular systems using single fs (1 fs
= 10-15 sec) pulses and also in a pump probe scenario. This is a very recent initiative towards achieving
as (1 as = 10-18 sec) pulses and to use them along with the COLTRIMS setup.
H. International collaborations:
We are also partially involved in collaborations with groups at GSI, Darmstadt, BESY-Berlin and DESYHamburg, Aarhus, RIKEN, TMU in Japan etc. These involve the study of the two-photon decay in Helike Tin [PRL 2010]; interference oscillation in photo-ionization of O2 and N2 in BESY, Berlin, ion-beam
guiding in glass capillaries, Resonant coherent excitation in crystal channeling [RIKEN/TMU] etc.
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MOLECULAR DYNAMICS & CONTROL USING ELECTRONS & PHOTONS
Vaibhav S. Prabhudesai
E. Krishnakumar (Superannuated in Nov. 2017)
S. V. K. Kumar (Superannuated in Jan. 2016)
Our research program spans a range of problems involving:
a) Dissociative electron attachment to ground and excited molecules (VSP, EK, SVKK)
b) Negative ion excited states (VSP, EK)
c) Electron induced chemistry (VSP, EK)
d) Electron impact ionization (EK, SVKK)
e) Radiation biology (SVKK)
f) Coherent control based molecular excitation (VSP)
This group is mainly interested in understanding the properties of excited states of molecular negative
ions in terms of their structure and dynamics. The dynamics of these systems are complex due to
strong coupling between the electronic and nuclear degrees of freedom and their strong mixing with
ionization and dissociation continua and hence are very little amenable to theoretical calculations.
These ions are ubiquitous and being the gateway states for transferring electron kinetic energy into
chemical energy most efficiently in a medium, play very crucial role in wide range of phenomena
ranging from astrochemistry to radiation biology. The group studies these properties by low energy (0
to 20 eV) free electron interaction with molecules in gas as well as in condensed phase with the
ultimate goal of exploring the possibility of chemical control using free electrons and in their
combination with photons. This group is known worldwide in inventing experimental set ups catering
to their scientific investigation requirement. First ever adaption of velocity slice imaging for the low
energy electron interaction experiments is one of the examples of their capabilities.
In last 10 years, the group has developed variety of velocity slice imaging spectrometers that provide
kinetic energy and angular distribution information of the fragment anions produced in the dissociative
electron attachment (DEA) process. This group has discovered the role of functional groups in site
selectivity of fragmentation of negative ions in DEA. They have shown that the energy of the attaching
electrons acts as a control parameter. The selectivity observed is beyond the conventionally known
one based on energy threshold. The localized nature of the negative ion resonance is at the core this
observation.
Recently, this group has unraveled the quantum coherence induced in single electron attachment. It is
a demonstration of coherent matter interaction that is a prelude to a matter wave based coherent
control. The group has also unraveled exotic dissociation dynamics hitherto unobserved, which
includes the bimodal vibrational distribution of the dissociation product and production of molecular
anions from unimolecular dissociation but stabilized by high rotational excitation.
This group has developed an experimental set up that uses the Fourier Transformed Infra-Red
Spectroscopy (FTIR) as well as residual gas analyzer to study the low energy electron induced
chemistry in the condensed molecular films. Using this set up, they have established catalytic action of
free electrons by providing first ever experimental evidence of such reaction in condensed formic acid.
Such a catalytic activity of free electrons was predicted earlier in terms of ‘bond breaking by catalytic
electrons’ (BBCE). They have also shown the C-H activation in methane by low energy free electrons.
They have built a mass spectrometer that can reliably measure the absolute cross section of electron
impact processes in the gas phase. Using this set up, they have succeeded in measuring the absolute
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cross sections of electron impact ionization for several organic molecules with very low vapour
pressure that include the DNA and RNA bases.
One of the group members had been actively involved in the study of low energy electrons, ions and
photons interaction with proteins and single and double strand DNAs. He developed a multi-target
electron energy irradiation setup to study electron and ion induced damage to DNA and proteins. By
using DNA origami nanostructures, he determined the energy dependence of the strand break crosssection for oligonucleotides modified with 8-bromoadenine (8Br A). On comparison with the DEA
measurements with isolated 8Br A in the gas phase, the major contribution to strand breaks is found to
be from resonances at around 7 eV with very little influence of resonances at very low energy (<2 eV).
Scientific Highlights:
A. Probing resonant electron-molecule interactions
 Demonstration of quantum coherence effect in single electron attachment to molecules
 Determination of structure and dynamics of excited anion states of small molecules H2, Cl2, CO, NO,
N2O, O3, OClO, SO2, NO2
 Role of functional group in dissociative electron attachment (DEA) with specific examples of amine,
carbonyl and thiol group compounds
 Effect of delocalised electrons on functional group dependent site selectivity in DEA to aromatic
organic molecules
B. Low energy electron induced chemistry in the condensed molecular films
 Distinguishing the behavior of low energy electrons with amorphous and crystalline CO2 ices.
 Demonstration of catalytic action of low energy electrons in CO2 formation from condensed formic
acid.
 C-H bond activation in low energy electron interaction with mixtures of CH4 with NH3 and O2
 Role of autoionizing state in production of O3 from condensed O2 on low energy electron interaction
C. Electron impact ionization of Organic molecules
 Developed technique for measuring absolute cross sections for electron impact ionization of
molecules present in solid form at room temperature
 Absolute partial and total cross sections for electron impact ionization of DNA and RNA bases as a
function of electron energy starting from the threshold energy
D. Low energy electron interaction with DNA and Proteins
 DNA strand breaks due to resonances around 7 eV as against gas phase results showing influence
of resonances close to 2 eV
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ULTRACOLD ATOMS & MOLECULES
Sourav Dutta
I joined TIFR in July 2018 to set up a laboratory for studies on ultracold atoms, molecules and ions.
The laboratory will add an exciting research area to DNAP’s existing research profile. Indeed, ultracold
systems enable studies at extremely low collision energies where the outcome is determined mainly
by the interaction potential. What makes these ultracold systems extremely attractive is the exquisite
precision with which one can measure and control the quantum state of the system. This has led to
the realization and studies of new phases of matter, e.g. Bose Einstein Condensation and simulation of
model Hamiltonians. Broadly speaking, the proposed research will address:
a) Formation of ultracold polar molecules by associating ultracold atoms
b) Quantum state controlled elementary chemical reactions and collisions in the ultracold regime
c) Three-body collisions, ion-atom photoassociation, dynamics of non-equilibrium systems
Research on ultracold polar molecules has gained momentum in recent years because the long-range,
anisotropic dipole-dipole interaction among polar molecules enables a number of interesting
experiments not possible with atoms which have short range interactions. For example, it is proposed
that ultracold polar molecules arranged in optical lattices are useful systems for studies on quantum
entanglement and quantum computing. In the next 5-6 years we plan to create ultracold polar
molecules by associating ultracold atoms. Major construction and development projects will be
undertaken to set up an apparatus for laser cooling of atoms in a dual-species magneto-optical trap,
creation of molecules and state-selective detection of molecules. In the long term, the system will be
used for precise studies on quantum-state dependent chemistry and coherent control.

Picture of ultracold 7Li atoms trapped in a magneto-optical trap. [Purdue University]
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Prior work (before joining TIFR):
 Ultracold molecules: My doctoral research at Purdue University focussed on creating ultracold
polar LiRb molecules with the aim of studying the dipole-dipole interaction. To this end, I designed
and built the first ultracold molecule apparatus at Purdue University [J. Phys. B 2014]. We solved
several technical challenges (e.g. incorporating a high resolution time of flight mass spectrometer
in an ultracold molecule apparatus requiring large optical access) and devised ways to work around
challenges posed by physics (e.g. reducing collision-induced atom loss when Li and Rb atoms are
simultaneously trapped). We were the first research group to create ultracold LiRb molecules
[Europhysics Lett. 2013] and we did so using photoassociation. Photoassociation is a technique in
which a precisely tuned laser light is used to bind two free atoms (ultracold Li and Rb atoms in our
case) and create a molecule (LiRb in our case). We also demonstrated unitarity-limited saturation
of photoassociation rates [Phys. Rev. A Rapid Comm. 2014], creation of ground state LiRb
molecules [Phys. Rev. A 2014, J. Chem. Phys. 2015] and two-photon photoassociation [Phys. Rev.
A 2017], for the first time, in a heteronuclear bi-alkali molecule. Many other interesting
experiments are being carried out on the system that I built.

 Hybrid ion-atom trapping: During my post-doctoral career at Raman Research Institute, first as a
Pancharatnam Fellow and then as a DST INSPIRE Faculty, I worked on simultaneously trapped
ultracold atoms and ions with the aim of studying the interaction between a charge and an induced
dipole. I showed, for the first time, that trapped ions of low mass can be cooled by ultracold atoms
of higher mass – a phenomenon that was thought to be impossible by many. The result resolved a
long standing controversy in theoretical literature and established that trapped ions can be
sympathetically cooled by ultracold, localized atoms irrespective of their masses [Phys. Rev. Lett.
2017]. I also conceptualized and executed an unique experiment to demonstrate a new ion cooling
method based on resonant charge exchange between ions and their parent atoms [Phys. Rev. A
Rapid Comm. 2018]. The result also provides the experimental basis for future studies on charge
transport in ultracold atom-ion systems. We also worked on trapped bi-alkali molecular ions and
discovered a universal photo-dissociation mechanism in such ions [Phys. Rev. Lett. 2016]. During
this time, I also expanded my expertise by working on quantum optics experiments involving
ultracold atoms and an optical cavity. We demonstrated collective strong coupling between
ultracold atoms and the cavity by measuring the vacuum-Rabi splitting (VRS) in the cavity
transmission spectrum and used the system for two major applications. In one we showed that the
coupled atom-cavity system can be used for nondestructive detection of dark ions [Phys. Rev. A
2016] and in the other we demonstrated rapid all-optical switching [Appl. Phys. Lett. 2017].
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NUCLEAR PHYSICS
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THEORETICAL NUCLEAR PHYSICS
Subrata Pal
The research program concentrated on the development of fundamental models in nuclear physics to
understand the two most important challenges in modern nuclear physics:
a) Equation of state of asymmetric nuclear matter formed in intermediate energy heavy ion collisions
b) Properties of Quark-Gluon Plasma (QGP) formed at ultra-relativistic energy heavy ion collisions
A. Intermediate energy heavy-ion reactions:
Nucleus-nucleus collisions at
50 – 1000 MeV provide crucial information on the poorly known
equation of state of asymmetric nuclear matter. The density dependence of nuclear symmetry energy
characterizes: (i) the phases of nuclear multifragmentation (ii) the structure and properties of
neutron-rich nuclei and (iii) the isospin dynamics in nuclear collision and neutron-star structure.
 Statistical nuclear multifragmentation (SMM) model & an isospin-dependent relativistic transport
(AIRT) model were developed to investigate the nuclear break-up mechanism, thermodynamic
properties, caloric curve, and isomeric yields to constrain the
. The figure below (left)
shows the first estimate of shear viscosity to entropy density ratio ⁄ in multifragmentation.

 Relativistic mean field (RMF) model with isoscalar-isovector coupling
was formulated aiming to
study the effect of
at supra-saturation nuclear densities. The constituents and properties
of neutron stars with exotic phases (kaon condensate & quark matter) were explored. The effects
of symmetry energy on observables pertaining to liquid-gas phase transition and neutron-skin
thickness of nuclei were studied. The figure above (right) shows our predicted correlation between
the neutron-skin thickness and symmetry energy (at various
coupling) for different nuclei.
B. Ultra-relativistic energy heavy-ion reactions:
Heavy-ion collisions at center-of-mass energies of √
2 – 5000 GeV lead to much higher
temperatures and total baryon densities. The quarks and gluons confined within the hadrons are then
liberated leading to a Quark-Gluon Plasma (QGP) formation. Several sophisticated statistical, transport
and hydrodynamic models were formulated/developed by our group aiming to study the properties of
QGP - a key to understand the fundamental aspects of quantum chromodynamics.
 Hagedorn Resonance Gas (HRG) model was developed where massive hadronic resonances
[Hagedorn state (HS)] were produced based on the mass spectra
with a
Hagedorn temperature
170 MeV. The HS undergo sequential binary emission of low-mass
particles till all stable hadrons are produced. Within the HRG model we studied hadron, (anti)nuclei
and hypernuclei production and predicted that collision energies of √
20 – 40 GeV presents
the ideal regime for the observation of multistrange nuclei. The enhanced low-mass dilepton yield
measured at RHIC and LHC, as originating from HS was suggested.
 A MultiPhase Transport (AMPT) model was developed in a collaborative effort that encompasses
the entire evolution stage – initial parton production, subsequent parton transport, hadronization,
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and hadron rescattering till freeze-out. The model was extended with modern parton distribution
functions and c.m. energy dependence for soft particle and jet production cross sections.
Demonstrated that AMPT model agrees well the measured anisotropic flow coefficient
〈
〉 for = 2 – 6, at RHIC and LHC with a small parton-parton elastic cross-section of
= 1.5 mb. The magnitude and pattern of jet quenching in AMPT agree with the RHIC data but
overpredicted at LHC: an indication of higher temperature attained at LHC. Within AMPT,
correlations between event-planes
signifying multi-particle correlations were presented,
and new procedure to characterize flow fluctuations due to event-by-event fluctuations of both
the initial geometry profile and parton production were demonstrated.

Proposed the principal component analysis (PCA) method to explore various modes of flow
fluctuations. Figure above shows the new method enables to study the leading ( = 1) as well as
sub-leading ( = 2, 3, 4) modes of fluctuations of particle number , elliptic flow , and triangular
flow with pseudorapidity.
 Relativistic dissipative hydrodynamic equations were derived based on relativistic Boltzmann
equation where the collision term was generalized to include nonlocal spatial effects. The new
method generates all the second-order terms that are allowed by symmetry, some of which have
been missed by the traditional Israel-Stewart & related approaches. A new derivation of relativistic
dissipative hydrodynamic equations was also performed to uniquely determine all the transport
coefficients and removed the long-standing ambiguity in the relaxation time for bulk viscosity.
Based on Chapman-Enskog-like iterative solution of the Boltzmann equation in the relaxation-time
approximation, a new expression was derived for the non-equilibrium phase-space distribution
function up to third-order in gradient expansion. Studied the evolution of hydrodynamic and nonhydrodynamic moments of the distribution function and entropy of the system.
 A coupled AMPT (for initial condition) and a relativistic (2+1)-dimensional viscous hydrodynamic
model (for subsequent evolution) was developed. The model described remarkably well the RHIC
and LHC
data at various centralities with a constant ⁄ = 0.08 and 0.12, respectively.
 A general formulation for the evolution of hydrodynamic (local thermal) fluctuations was derived
for causal second-order viscous hydrodynamics. By extensive numerical simulations we showed
that hydrodynamic fluctuations generate long-range (ridge-like) two-particle rapidity correlations
for both boost-invariant and non-boost-invariant longitudinal expansion of matter.
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HIGH ENERGY GAMMA RAY LABORATORY
Indranil Mazumdar
My research activities during the last ten years are briefly described below:
A. Theoretical Work on Three-body model calculation to search for Efimov states in 2-neutron halo
nuclei:
The exotic quantum mechanical phenomenon of Efimov effect in three-body systems is a topic of
great interest in contemporary physics research. Though observed in cold atom systems, it is yet to be
seen in atomic nuclei. During this period, we have shown, through detailed three-body analysis, the
most probable 2n-halo nuclei which can support such states. They are 20C, 38Mg and 32Ne. Our
calculations have been performed using realistic finite range, non-local potentials. We have shown, for
the first time, the evolution of Efimov states to asymmetric Fano resonances which can be used as
experimental diagnostic to look for Efimov states in halo nuclei. We have shown the dependence of
mass ratios (the heavy core and the neutrons) on the emergence of the Efimov state into resonance or
virtual state. The presence of resonance makes it a very attractive proposition for experimental
observation of such esoteric states. We have proposed definite experiments to search for such states
in modern radioactive-ion-beam facilities.
B. Heavy-ion Nuclear Physics & Nuclear Instrumentation:
The hot and rotating compound nucleus produced via heavy-ion induced fusion reaction is a wonderful
laboratory for mapping the evolution of a quantum many-body system in the phase-space spanned by
temperature and angular momentum. It is also the most potent tool to investigate the underlying
mechanism of the ever-green topic of nuclear fission. During this period we have concentrated on the
structural evolution and reaction dynamics of heavy nuclei using heavy-ion induced fusion-evaporation
and fusion-fission reactions. Our primary motivations have been two-fold
 to study structural dynamics, namely, shape-phase transitions in heavy nuclei through Giant Dipole
Resonance (GDR) decay studies and
 to investigate reaction dynamics of fusion-fission processes.
To this end we have carried out experiments, designed and built gamma-ray detection facilities and
have also carried out phenomenological calculations. The structural evolution and reaction dynamics
crucially depend upon the angular momentum and temperature of the compound nucleus. In order to
carry out exclusive measurements of angular momentum gated high energy GDR gamma-rays,
charged particles, and evaporation residues from selected regions in phase-space, it is essential to
build a gamma-ray multiplicity or sum-spin spectrometer. We have designed and developed a
gamma-ray sum-spin spectrometer of 32 NaI(Tl) detectors covering 4p solid angle in complete soccer
ball geometry. This setup is used to determine the angular momentum of rotating nuclei from the
multiplicity of the low energy discrete gamma rays from the decay of rotating nuclei. The spinspectrometer allows detection of angular momentum gated high energy Giant Dipole Resonance (GDR)
gamma rays, evaporation residues, charged particles and neutrons emitted from the hot and rotating
compound nucleus. This facility has been coupled with the gas filled magnetic recoil spectrometer
HYRA at the Inter University Accelerator Centre, Delhi and has proved to be a highly powerful and
productive facility to study dynamics of heavy-ion induced fusion-fission reactions. The results
obtained by us provide valuable information about the survival probability of heavy nuclei against
fission and the role of nuclear viscosity in hindering the fission process. On the structural front, we
have also observed interesting shape transition processes in hot and rotating nuclei by analysing
angular momentum gated GDR gamma ray spectra and their angular distributions. We have performed
extensive calculations, within the framework of microscopic-macroscopic models, to generate
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potential energy surfaces for nuclei at finite temperature and angular momentum. Our calculations
involve quantal and thermal large amplitude fluctuations and have shown possible shape-phase
transitions in hot and rotating nuclei. These calculations have been used to analyse our experimental
data.
We have also carried out extensive research on the characterization of scintillation detectors,
especially, Lanthanum Bromide detectors of different shapes and volumes and arrays of large volume
Lanthanum Bromide detectors. These efforts have been ostensibly driven by the objective of
measuring high energy gamma rays for our research using highly efficient Lanthanum Bromide
detectors. We have experimentally determined the responses of such large volume detectors and
array of detectors, using high energy monochromatic gamma rays up to 30 MeV.
C. Light-ion induced reactions:
Nuclear Structure – For last few years we have initiated a programme to carry out proton induced
inelastic scattering and capture reactions. The purpose is two fold, a) to study structures of excited
states in low and medium mass nuclei and b) to study reactions of Big Bang Nucleosynthesis. We are
interested to understand the structure of excited states of light nuclei and also to search for possible
alpha-cluster states in such nuclei. We have performed exhaustive measurement of cross sections
and angular distribution of gamma-rays from different excited states of 12C nucleus using (p,p’gamma)
reaction over a wide range of beam energy. It is worth noting that while there exist enough data for
(p,p’) reactions, the data on (p,p’gamma) is rather inadequate. We have performed detailed optical
model analysis of the data considering both collective and single particle excitations. We have carried
out coupled channel calculations using optical model potentials generated by us by fitting a very large
body of data existing in the literature. We have determined, for the first time the cross section and
branching ratio of the 9.64 MeV state in the 12C nucleus. More recently we have extended our studies to
16
O nucleus. We want to continue this programme to systematically study the structures of alphacluster nuclei and also want to refine our theoretical formalism to analyse the data.
Big Bang Nucleosynthesis – We have initiated a programme to measure the cross sections and
astrophysical S factors for the nuclear reactions of Big Bang Nucleosynthesis (BBN). As a first step we
have performed measurements for the capture of proton on deuteron at energies relevant to the
period within a minute of the Big Bang. There is very little data in the BBN energy region for this vital
reaction. We have produced new data at three beam energies for cross sections and astrophysical S
factors. Our data is found to be in excellent agreement of most recent three-body calculations.
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NUCLEAR STRUCTURE USING DISCRETE GAMMA RAY SPECTROSCOPY
Rudrajyoti Palit
The physics goal of our research program during last ten years is to investigate emergent phenomena
of nuclear many-body system with varying angular momentum and isospin using discrete gamma ray
spectroscopy. The research highlights and future plans have been briefly discussed here.
A. Nuclear Structure near closed shell:
Spectroscopy of the high spin states of nuclei near closed shell remain a subject of interest of our
group to study the predictions of shell model calculation based on effective interactions as well as
emergence of collectivity at high spin [PRC 95 064320 (2017)]. One of the highlights is spectroscopic
study of nuclei near 132Sn region using fusion/transfer induced fission process. The prompt-delayed
coincident data from INGA complements the fragment gated gamma spectroscopy data from
EXOGAM-VAMOS++ and makes a firm assignment of the placement of various transitions in the level
scheme of 132Te which has long-lived isomers. These measurements have been carried out to
investigate the competition of neutron and proton pairs for the generation of high spin states in 132Te
[PRC 93, 034324 (2016)]. Similar study has been carried out for nuclei near 68Ni using multi-nucleon
transfer reaction to probe the role of f7/2 and g9/2 orbitals for high spin structure [EPJA 53, 69 (2017)].
Recently, we have started a program to measure the g-factor for high spin isomers near N=82 shell
gap to get information about the configurations of isomers [PRC99, 014308 (2019)]. In future, we
plan to perform coulex as well as g-factor measurements to probe the interplay between single
particle excitation and collectivity in nuclei around 100Sn, 132Sn, and 208Pb.
B. Novel excitation modes of nuclei:
Magnetic and Anti-magnetic rotations: Tilted axis cranking which breaks Rz() symmetry gives rise to
magnetic rotation (MR) due to shear structure of proton particles and neutron holes (or vice-versa).
Antimagnetic rotation (AMR) resulting from the anti-alignment of two shears similar to the antiferromagnetic phenomenon in the condensed matter physics is a rare phenomenon compared to MR.
Lifetime measurement in sub picosecond range for the excited states in 107Cd has been carried out to
establish the coexistence of MR and AMR modes in the same nucleus (see Fig. 1). Using INGA we plan
to investigate some of the open problems (i) experimental signature of attractive shears and (ii)
understand possible relation between MR and low energy magnetic radiation (LEMAR).

Figure 1. MR(AMR) bands in 107Cd [PRC 91, 014318 Figure 2. B(M1) values from TPSM for
degenerate dipole bands [EPJA 51 90 (2017)].
(2015)].
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Chiral rotation – Experimental manifestation of the breaking of chiral symmetry is the observation of
near-degenerate dipole bands with similar electromagnetic properties and moments of inertia.
Spectroscopic studies to search for degenerate dipole bands in 106,108Ag and 112In isotopes have been
carried out to understand the role of triaxiality for these nuclei [PRC 85, 014327 (2012), PLB 725, 85
(2013), PRL112, 202503 (2014)]. The two bands of 106Ag have unique properties, similar B(M1), B(E2)
values, but different moment of inertia. More recently, evidence of multiple chiral bands has been
reported in 195Tl [PLB782, 768 (2018)]. Structure of neutron-rich 116-119Rh isotopes has been obtained
from the measurement of prompt gamma rays from fission fragments using EXOGAM-VAMOS++ setup and compared with the Triaxial Projected Shell Model (TPSM) calculations to probe triaxial
deformations of these nuclei [PLB767, 480 (2017)]. The TPSM calculations for neutron-rich nuclei
[EPJA53, 90 (2017)] indicate that the ideal manifestation of the chirality can be realized in 106Rh and
112
Ag, where the doublet bands have similar electromagnetic properties along with small differences
in excitation energies (see Fig. 2). Future experiments have been planned to study these nuclei.
Wobbling mode – In wobbling mode, the total angular momentum fluctuates about the three axes,
which results in sequence of rotational bands connected by special gamma rays which are ΔI = 1 E2
transitions. The polarization measurements with INGA at TIFR have generated important data on
wobbling mode at low spin for the first time for N=76 isotones of Pr, La and Cs 135Pr [PRL114, 082501
(2015), arXiv:1608.07840]. An increase in wobbling frequency of the n = 1 band with spin suggests
longitudinal wobbling for 133La, in contrast with the case of transverse wobbling observed in 135Pr. The
results concerning the chiral bands and wobbling modes along with the discovery of high spin triaxial
super-deformed shapes have opened up a broad new field of research involving triaxial nuclei. We are
planning to use coulex with RIB and light ion induced reactions to get new insight about the wobbling
mode. We are currently working on the feasibility study of an experimental proposal to perform such
measurement for nuclei near 130 region using radioactive beams available at international facilities.
C. Proposed Decay Studies at FAIR:
Studies of β-decay or decay from isomeric states, populated in the fragmentation reaction producing
the exotic nuclear beam itself, take advantage of the energy-focusing property of the Super-FRS
energy buncher. This technique allows a controlled implantation into an active detector, providing a
unique identification of the stopped nuclei of interest. Gamma-ray spectroscopy following β- or isomer
decay may be performed for isotopes produced with low intensity (< 1 ion/s) and for nuclear states
with half-lives down to 100 ns. Signatures for a persisting shell gap are provided by seniority and spingap isomers, while quenching of shell gaps goes along with disappearing isomerism and increasing
collectivity. Some of the neutron rich nuclei populated at NUSTAR facility will be situated close to a key
point of the astrophysical r-process path and in close vicinity to a region where a significant shell
quenching is predicted. Our experimental program at FAIR aims at investigating in detail the nuclear
properties such as shell evolution and emergence of deformation for neutron-rich isotopes in the
region beyond 208Pb. We concentrate on spectroscopy and γ-ray lifetime measurements of nuclei
following their direct implantation as μs isomers or after their β-decay using a hybrid system of
FATIMA/DEGAS/AIDA detectors.
D. Instrumentation related to nuclear physics:
Our group is involved in various activities related with the instrumentation and simulation of gammaray spectroscopy as listed here.
a)
b)
c)
d)
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Commissioning of Digital INGA at TIFR (2011-2015) as a part of the national collaboration.
Development of ancillary detectors (16 LaBr3(Ce) detector array, 80 CsI(Tl) array, Plunger)
Fabrication of cryostats and preamplifier for DEGAS HPGe detectors.
Development of gamma-ray imaging for DESPEC experiments.

NEUTRINOLESS DOUBLE BETA DECAY & NUCLEAR STRUCTURE
Vandana Nanal
R. G. Pillay (Superannuated in Feb. 2018)
Our research program spans a range of problems involving neutrino to nucleus - different aspects of
nuclear structure and reactions, using a variety of techniques. In the past decade, our main research
activities are:
a) Study of Neutrinoless Double Beta Decay
b) Nuclear structure studies
c) Reactions with weakly bound nuclei
A. Neutrinoless Double Beta Decay in 124Sn
The mass and nature of neutrinos play an important role in theories beyond the standard model.
Whether neutrino is its own antiparticle, as proposed by Majorana, is still an open question. At
present, neutrinoless double beta decay (0νββ/NDBD) is perhaps the only experiment that can reveal
the true nature of the neutrino and provide information on absolute effective neutrino mass. Given its
significance, there is a widespread interest in the quest for 0νββ employing different techniques. In
TIFR, a feasibility study to search for 0νββ in 124Sn has been initiated for the TIN.TIN experiment (The
INdia’s TIN detector) to be housed at India based Neutrino Observatory (INO). The 124Sn has moderate
isotopic abundance ~5.8% and a reasonably high Q value of 2.28 MeV. Since the constancy of sum
energy of two electrons defines the NDBD event, good energy resolution is of paramount importance.
Cryogenic bolometers with excellent energy resolution and high sensitivity, are well suited for search
of 0νββ. Tin becomes superconducting below 3.7 K and at T<100 mK its specific heat has only lattice
contributions and can thus be made into a high energy resolution bolometric detector.
A custom built cryogen free dilution refrigerator, CFDR-1200, with a high cooling power of 1.4 mW
at 120 mK, has been installed at TIFR. For measurement of the temperature rise ~100 µK with high
precision, Neutron Transmutation Doped (NTD) Ge sensors are developed indigenously. Detailed
spectroscopic studies to identify radioactive impurities in irradiated Ge wafers have helped to establish
that chemical etching of ~50 µm surface layer is sufficient to remove the long lived radio-impurities.
The fabrication process involving, etching, polishing, annealing and making electrical contacts have
been optimized and the fabricated sensors have been characterized in the temperature range 20–
350 mK. The temperature dependence of sensor resistance is found to be consistent with the variable
range hopping mechanism. The neutron fluence has been optimized for desirable R and dR/dT of the
NTD sensors. The improved NTD Ge sensors are shown to be useful down to T~10 mK.
At mK temperatures, various extraneous factors (vibration noise, electronic noise, micro-phonics
etc.) limits the bolometer energy resolution. The detailed noise characterization, investigation of
various noise sources and its mitigation to improve the performance of a cryogenic bolometer
detector has been performed. A low noise electronic readout with NI based data acquisition system
has been set up. The first test of a cryogenic sapphire bolometer with indigenously made NTD Ge
sensor is carried out. Response of the sapphire bolometer is studied with phonon pulses and a energy
resolution of 15 keV ± 3 keV is obtained in the temperature range of 15-25 mK. This further needs to
be improved by a factor, to achieve comparable performance to CUORE TeO2 bolometer. The energy
resolution of the sapphire bolometer with a Sn of mass ~ 0.6 g is also found to be similar below 3 MeV.
The spectrum of alpha particles is also measured with the cryogenic sapphire bolometer.
It is known that tin has an allotropic phase transition from a metallic  phase to a semiconducting α
phase on cooling below 13°C. This transition can affect the longevity and performance of the tin
bolometers and is a major concern for TIN.TIN. It is known that alloying with certain elements (e.g., Pb,
27

Bi etc.), with a few % concentration, inhibits the transformation. Therefore, crystals of SnPb, SnBi and
SnCd alloys were synthesized for this purpose. The SnCu crystal, which is known to be susceptible to
β-α transformation, was synthesized as a control sample. The compositions of all the crystals were
measured using Wavelength Dispersive X-Ray Fluorescence (WD-XRF) as well as Energy Dispersive
Spectroscopy (EDS). Seeded cooling tests were performed on the samples to check the stability
against the phase transition. Scanning Electron Microscope (SEM) images were recorded before and
after incubation with seed (at -20°C for a period of 5 days). The SnBi samples were found to be the
most resistant to the transformation over 40 days period. From radiopurity considerations, the
concentration of Bi needs to be reduced. This is also essential from detector performance point of
view, such that the superconducting property of the alloy should not differ greatly from that of pure
tin. Further studies on alloying and characterization of alloys are in progress.
Understanding and minimizing the background is crucial for NDBD studies. The TiLES (TIFR Low
Background Experimental Setup) with a special low background HPGe detector has been set up at sea
level at TIFR for radiation background studies. This detector is completely characterized with Monte
Carlo studies using GEANT4 simulations. The detector model has been optimized for measurements
over a wide energy range and for different source geometries. The HPGe detector is surrounded by a
low activity copper (5 cm) + lead (10 cm) shield, a cosmic ray veto and Nitrogen flushing to remove air
borne activity. The best background levels possible at sea level has been achieved in TiLES and
sensitivity of ~1-2 mBq/g for 40K and 232Th are obtained for impurity measurements. TiLES is used for
pre-qualification and selection of radio-pure materials for the cryogenic bolometer setup and has
been used to study i) the rock sample from INO site, which was found to have considerably high level
of 40K (1050(16) mBq/g) and ii) Sb impurity in NTD Ge at ~100 ppt levels. The setup is also used for
qualifying the scintillator crystals developed in BARC for DINO experiment (Dark Matter search at INO).
Thermal neutron capture in 124Sn is also of significant concern and is investigated by irradiating
Sn in Dhurva reactor. The cosmic muon induced (n,n’γ) reactions are being studied in TiLES. In
addition, as separate setup MINT (Muon Induced Neutron detection at TIFR) has been designed. This
consists of an efficient thermal neutron detector CLYC inside ~ 10 cm thick HDPE box (which acts as a
moderator) surrounded by Pb together with plastic scintillator for muon detection
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Further, the DBD of 94Zr to excited state of 94Mo at 871.1 keV was studied in TiLES leading to a
significantly improved half-life limit, T1/2 > 2 x 1020 y at 68% CL; and is the first double beta decay
experiment reported from India.
B. Nuclear structure studies:
Nuclear structure studies at high angular momenta: The GDR gamma rays provide a very unique probe
to study structure of excited nuclei at high angular momentum. We have carried out a program to
study variation of GDR properties with Temperature (T), angular momentum (J) and Isospin. In
addition, our group has played a major role in R&D of the phoswich detector in the PARIS collaboration
for SPIRAL2.
High energy γ -ray spectra were measured in the reaction 28Si+124Sn at E = 135 MeV. The J
information was deduced from multiplicity of low-energy γ rays. The GDR parameters, namely, the
centroid energy and width are extracted using statistical model analysis. The observed variation of the
GDR width for T ∼ 1.2–1.37 MeV and J ∼ 20−40ħ is consistent with the universal scaling given by
Kusnezov et al., which is applicable in the liquid-drop regime. The GDR input cross sections extracted
from the statistical model best fits are compared with thermal shape fluctuation model (TSFM)
calculations and are found to be in good agreement. The TSFM calculations predominantly favour the
non-collective oblate shape, while the statistical model fit with both prolate and oblate shapes
describes the data. The present data together with earlier measurements indicate a very slow
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variation of the GDR width for T ∼ 1.2 to 1.5 MeV. The observed trend is well explained by the TSFM
calculations, although the calculated values are ∼4–13% higher than the data.
Exclusive measurements of high energy rays are performed in 124Ba and 136Ba at the same
excitation energy (~49 MeV), to study properties of the giant dipole resonance (GDR) over a wider N=Z
range. The high energy -rays are measured in coincidence with the multiplicity of low energy -rays to
disentangle the effect of temperature (T) and angular momentum (J). The GDR parameters are
extracted employing a simulated Monte Carlo statistical model analysis. The observed -ray spectra of
124
Ba can be explained with prolate deformation, whereas a single component Lorentzian function
which corresponds to a spherical shape could explain the –ray spectra from 136Ba. The observed GDR
width in 136Ba is narrower compared to that of 124Ba. The statistical model best fit GDR cross sections
are found to be in good agreement with the TSFM calculations. Further, it is shown that the variation of
GDR width with T is well reproduced by the TSFM calculations over the temperature range of 1.1-1.7
MeV.
We have carried out study of Jacobi shape transition at high angular momentum in light nuclei. The
Jacobi shape transition in 31P has been observed for the first time using high energy γ rays from the
decay of giant dipole resonance (GDR) as a probe. Interestingly, a self-conjugate α-cluster nucleus 28Si,
populated at similar initial excitation energy and angular momentum, exhibits a vastly different GDR
lineshape. Even though the angular momentum of the compound nucleus 28Si is higher than the
critical angular momentum required for the Jacobi shape transition, the GDR lineshape is akin to a
prolate deformed nucleus. Considering the present results for 28Si and similar observation recently
reported in 32S, it is proposed that the nuclear orbiting phenomenon exhibited by α-cluster nuclei
hinders the Jacobi shape transition. The present experimental results suggest a possibility to
investigate the nuclear orbiting phenomenon using high energy γ rays as a probe.
The PARIS (Photon Array for studies with Radioactive Ion and Stable beams) collaboration aims to
build a high efficiency innovative -array, consisting of LaBr3/CeBr3-NaI phoswich detectors, which will
work as an energy-spin spectrometer, a calorimeter for high-energy photons and a mediumresolution  -detector. In order to understand the performance of the PARIS detector, detailed
characterization of two individual phoswich (LaBr3(Ce)-NaI(Tl)) elements has been carried out. The
detector response is investigated over a wide range of E = 0.6 to 22.6 MeV using radioactive sources
and employing 11B (p,) reaction at Ep = 163 keV and Ep = 7.2 MeV. The data acquisition system using
CAEN digitizers is set up and optimized to get the best energy and time resolution. The energy
resolution of ~ 2.1% at E = 22.6 MeV is measured for the configuration giving best linearity upto high
energy. The measured time resolution of individual detector FWHM ~315 ps, is excellent for neutron
separation by TOF measurement at close distances. It is demonstrated that the E tot spectrum with the
add- back of individual components of the phoswich detector gives substantial efficiency gain of about
50%, without significantly affecting the resolution. A few experiments with PARIS have been carried
out at GANIL (PARIS+AGATA+VAMOS) and IPNO (PARIS + Nuball, PARIS + fission detectors).
Cluster structure of nuclei: Electromagnetic transition rates provide an important test for nuclear
structure models. The nucleus 8Be exhibits a pronounced alpha-cluster structure and is a building
block for more complex cluster nuclei. The studies, using the 4He + 4He reaction, resulted in the first
direct observation of the gamma transition between the 4+ and 2+ states of 8Be and provided the first
electromagnetic signature of its dumbbell-like shape. A more elaborate and precise measurement for
this transition was carried out, via the radiative capture in the 4He + 4He reaction, improving the
accuracy by about a factor of 3. The experimental results are found to be lower than the predictions of
the alpha cluster model and ab initio calculations.
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C. Reactions with weakly bound nuclei
Reactions with 6,7Li – which have low binding energies and therefore lead to significant coupling to
continuum, have drawn much attention recently as a precursor to studies with radioactive ion beams.
Our programme focused on studies with 6,8He at SPIRAL (GANIL, France) and with 6,7Li at PLF, Mumbai.
Experiments at TIFR, involving fusion, quasi-elastic scattering and exclusive p- measurements, have
brought out the important role played by the t+ cluster structures of 7Li on the reaction dynamics at
energies around the Coulomb barrier. A comparison of scaled fusion cross-sections for 6,8He and 6,7Li
clearly shows a large enhancement for halo nuclei as compared to 6,7Li. It was shown that the
presence of the breakup channel has a coherent effect resulting in enhancement in fusion crosssection at energies below the barrier and suppression at energies above the barrier. The precise
measurement of fusion and neutron transfer using a novel off-beam technique with low intensity
radioactive ion beam of 8He (from SPIRAL facility of GANIL) on 197Au target, highlighted the role of the
intrinsic structure of composite many-body quantum systems and pairing correlations.
D. Major detector instrumentation activities:
a) Development of NTD Ge sensor for mK thermometry
b) Low background setup TiLES for rare event studies
c) A portable Low background setup with cryogen free HPGe detector (CRADLE) and annular shield
d) Design and development of MINT for muon induced neutron detection
e) Characterization of CLYC for neutron detection
f) Development of X- coincidence technique for off-line measurements of very low cross-section
(~20nb)
g) Digital Signal Processing for HPGe, fast scintillators and for n- discrimination
h) Diamond detector based setup for longitudinal phase space measurement in LINAC
i) PARIS array of Labr3/CeBr3-NaI phoswich detectors for high energy gamma ray studies
j) Various Particle–gamma coincidence setups including strip detectors, BGO/Ge detectors, neutron
detector arrays specific to physics goals
k) Beam scanner setup using a X-Y steerer for Irradiation experiments
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PELLETRON LINAC FACILITY & Related Developments
Vandana Nanal & Rudrajyoti Palit
The Pelletron Linac Facility (PLF), set up as a collaborative project between the Bhabha Atomic
Research Centre (BARC) and the Tata Institute of Fundamental Research (TIFR), has been a major
centre for heavy ion accelerator-based research in India. The Pelletron accelerator (procured from
NEC, USA) was formally inaugurated on 30th December 1988 and marked an important milestone in
nuclear physics research in India. The facility was augmented with the indigenously developed
superconducting LINAC booster to enhance the energy of the accelerated beams. The phase I of LINAC
booster was commissioned in 2002 and after the completion of the phase II, the facility was dedicated
to users on 28th November 2007. A variety of state-of-the-art experimental facilities have been
developed at this centre to pursue frontier research in nuclear, atomic, condensed matter and bioenvironmental physics.
Over the last three decades, the Pelletron accelerator has been working very efficiently with an
uptime of ~80%, delivering a wide variety of beams ranging from proton to Iodine. A large number of
developmental activities have been carried out in-house to improve the performance of the
accelerator, such as - replacement of voltage divider based on corona needles by high voltage, high
stability resistances, installation of a new terminal potential stabilizer and installation of recirculation
terminal gas stripper system. Three different ion sources are available: i) for negative He ions, ii) for
negative ions of other gaseous elements and iii) a Caesium sputter ion source for nearly all other
elements. An indigenously developed MC-SNICS (Multi-Cathode Source of Negative Ions by Caesium
Sputtering) source has been commissioned. A pulsed beam is obtained using a double harmonic drift
buncher, built in-house, situated in the low energy injection path of the Pelletron accelerator. The
beam bunches have a typical width (FWHM) of 1.5 ns with a separation of 107 ns and has a bunching
efficiency of ~66 %. The dark beam current between the beam bunches is swept away by a RF parallel
plate sweeper, situated at the exit of the Pelletron. In addition, a beam chopper has also been installed
in the low energy section, to increase the time duration between bunches (~200 ns − 1.6 µs).
The LINAC booster consists of seven liquid helium cryostat modules, each housing four lead coated
(2 µm) copper quarter wave resonators. The cavities are designed to operate at 150 MHz with an
optimum acceptance at a velocity corresponding to  = 0.1. The performance of QWR is found to be
excellent with an average energy gain of 0.4 MV/q per cavity corresponding to 80% of the design
value. Beam transmission from the entry to the exit of the LINAC is found to be 80% and the beam
timing (FWHM) of ~ 600 ps is measured at the target position. Development of the superconducting
LINAC has been a major milestone in the accelerator technology in our country. Most of the critical
components of the LINAC booster, the first superconducting heavy ion accelerator in India, have been
designed, developed and fabricated indigenously.
The research activities at the facility span a variety of problems in nuclear, atomic, condensed
matter physics and interdisciplinary areas. The research work in nuclear physics, which is the main
thrust of this facility, covers areas of nuclear structure studies at high angular momentum and
excitation energies; and the heavy ion reaction dynamics - elastic, inelastic, transfer, fusion and fission
reactions. In addition, studies pertaining to nuclear data generation relevant to nuclear reactors as well
as IAEA coordinated research programs on advanced nuclear reactors, nuclear astrophysics, and
elemental analysis using PIGE (Particle Induced Gamma Emission) are carried out. Application oriented
programs like radioisotopes production, radiation damage studies (space bound devices, yield
improvement in wheat & rice seeds), secondary neutron production for cross section measurements,
radiation dosimetry studies, ion irradiation in semiconductor crystals for photoconductive THz
emitters, Accelerator Mass Spectrometry, production of track-etch membranes etc. are also pursued.
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Experimental facilities are attached to dedicated beam lines installed in the old Cascade beam hall for
Pelletron energies and two new Linac beam halls I & II for both Pelletron & Linac boosted energies.
Major experimental facilities include:
 Clover Detector Array for discrete gamma ray spectroscopy with auxiliary detectors
 150 cm diameter Scattering Chamber, with two independently rotatable arms permitting detector
rotation and target ladder adjustment from remote without beam interruption using Programmable
Logic Controller, for charged particle spectroscopy and fission studies
 BaF2/LaBr3 array for high energy gamma ray studies with BGO/NaI(Tl) multiplicity filter
 Charged Particle Array based on Si pad (ΔE) and CsI(E) detectors
 Neutron Detectors Array of 18 Liquid Scintillation detectors and Annular parallel plate avalanche
counter having 12 segments with angular coverage from 5° to 11°, for Time of Flight Technique
based compound nucleus residue tagging
 MWPC and Si-strip detectors for angular distribution measurements of particles
 7.0 Tesla superconducting magnet for hyperfine interaction studies
 Irradiation setup and Low background offline counting facility
 Electron spectrometer, X-ray detector setups, recoil-ion spectrometer, atomic-hydrogen source and
a multiple target holder assembly for atomic physics studies with gas and foil targets
 High current proton (upto 24 MeV, ~200 nA) and neutron irradiation (through (p,n) reaction on Li, Be
targets) facility
A Momentum Achromat for light Rare Ion Experiments (MARIE) is under development. A VME based
DAQ and advanced digital DAQ are with analysis programs are developed in-house. In addition, a major
campaign of the INGA (Indian National Gamma array) was conducted recently (2010-13) for ~ 45
experiments. The INGA, consisting of a 24 Clover HPGe detector array with a total photo-peak
detection efficiency of ~5%, is a powerful ‚femtoscope‛ for the study of structure of atomic nuclei at
high spins. In the current campaign of INGA at the PLF, a new readout scheme based on the Digital
Signal Processing (DSP) technique for the clover detector array has been implemented. This enhanced
the detection capability of the array by an order of magnitude. The new features of the current
configuration of INGA are its capability to measure long-lived isomers up to 10 milliseconds, and near
zero dead time at high count rate. The versatile low temperature high magnetic field setup is used for
an on-line time differential perturbed angular distribution (TDPAD) technique to study different
problems in solid state physics as well as for measurements of nuclear g-factors, an essential
ingredient for understanding nuclear structure at high excitation energies. The R&D efforts in
instrumentation in the laboratory have also led to various international collaborations, including those
at major upcoming RIB facilities like FAIR and SPIRAL2.
The facility is scientifically productive and vibrant, with experimental community comprising
scientists and students from BARC, TIFR, research centres and universities within India and abroad. Till
date about 50 institutions have used the facility. More than 115 Ph.D. theses and about 700
publications in international referred journals have resulted from the research activities at the PLF.
These include more than 25 publications in Letter journals. More details about facility, programs and
publications can be found at the PLF webpage http://www.tifr.res.in/ ~pell/pelletron/index.php.
The upgrade of HV accelerating tube in the Pelletron is planned to enable operation at a higher
voltage and improve the overall performance. It is also proposed to develop low  Nb cavities for the
initial LINAC modules, to enhance the acceptance of the Linac for heavier beams. Efforts are underway
for the development of digital LLRF control for the superconducting cavities.
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G. Ravindra Kumar
Senior Professor
Phone: +91 9987737422
Email: grk@tifr.res.in; grktifr@gmail.com
Web: http://www.tifr.res.in/~uphill/
Google Scholar: https://scholar.google.co.in/citations?user=Uk_QK0cAAAAJ&hl=en
Education and Professional Training
Ph.D., 1990
Post-doc 1991

Indian Institute of Technology Kanpur
Indian Institute of Technology Kanpur

Appointments
2013 – present
2006 – 2013
2002 – 2006
1997 – 2002
1993 – 1997
1992 – 1993

Senior Professor (I) at TIFR
Professor (H) at TIFR
Associate Professor (G) at TIFR
Reader (E) at TIFR
Fellow (D) at TIFR
Visiting Fellow at TIFR

Awards and Fellowships
●
●
●
●
●
●
●
●
●
●
●

Distinguished Alumnus of IIT Kanpur (2018)
Distinguished Alumnus of Birla Institute of Technology and Science, Pilani (2016)
Infosys Prize in Physical Sciences (2015)
J. C. Bose National Fellow (2010- present)
DAE-SRC Outstanding Investigator award (2006-2011)
Fellow of the Indian National Science Academy (since 2008)
Fellow of the Indian Academy of Sciences (since 2004)
Shanti Swarup Bhatnagar Award in Physical Sciences (2003)
B. M. Birla Science Prize in Physics (2000)
Listed among Asia’s Top 100 (2016) - The Asian Scientist, Singapore
DST-JSPS Mizushima-Raman Lecturer (2016)

Research Interests and Highlights (last 10 years)
The central theme of my research is the investigation of extreme states of matter produced by femtosecond,
ultrahigh intensity pulses. Some highlights are:
●
●
●

●

●

Astrophysical magnetic turbulence mimicked on a table top in the laboratory: High resolution spatial and
temporal Cotton-Mouton polarimetry reveals turbulent evolution of the giant magnetic field.
In situ measurements of relativistic electron transport in solids: Cherenkov emission probed for getting the
electron energies. Gated the Cherenkov emission to measure lifetimes of these relativistic electrons.
Maximization of light coupling to plasmas: Demonstrated near ‘total’ absorption of laser light to plasmas
using sub wavelength surface modulation. Optimization of hard x-ray emission with targets surfaces
featuring nanorods, nanotubes, nanopillars.
Femtosecond resolved Doppler Spectrometry for monitoring ultrafast critical density surface motion and
shocks: Established Doppler spectrometry as a sensitive tool for monitoring plasma motion on ultrafast
timescales. Discovered terahertz acoustics in these plasmas. Studied shock propagation.
Experimental innovations: 2D Ultrafast Doppler spectrometry, 2D Ultrafast polarimetry, Ultrafast
nonlinear optical gating of weak emissions from plasmas.

Publications (Number of refereed publications during 2008-2018: 65). Selected publications:
1.

2.
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Mapping the Damping Dynamics of Mega-Ampere Electron Pulses inside a Solid
Moniruzzaman Shaikh, Amit D. Lad, ……. P. P. Rajeev, and G. Ravindra Kumar
Physical Review Letters 129, 065001 (2018)
Highly efficient broadband terahertz generation from ultrashort laser filamentation in liquids
I. Dey, K. Jana, ….. A. D. Lad, S. Tzortzakis, A. Couairon, and G. Ravindra Kumar
Nature Communications 8, 1184 (2017)

3.

4.

5.

6.

7.

8.

9.

10.

Magnetic Turbulence in a Table-Top Plasma Relevant to Astrophysical Scenarios
G. Chatterjee, ……… Predhiman Kaw, L. O. Silva, A. Das, and G. Ravindra Kumar
Nature Communications 8, 15970 (2017)
Terahertz acoustics in dense, hot laser plasmas
A. Adak, A.P.L. Robinson, P. K.Singh, G. Chatterjee, A. D. Lad, J. Pasley and G. Ravindra Kumar
Physical Review Letters 115, 115001 (2015)
Direct observation of turbulent magnetic fields in hot, dense laser produced plasmas
S. Mondal, V. Narayanan, ……. Z.M. Sheng, S. Sengupta, P.K. Kaw, A. Das and G. Ravindra Kumar
Proceedings of the National Academy of Sciences (USA) 109, 8011 (2012)
Macroscopic transport of megaampere electron currents in aligned carbon nanotube arrays
G. Chatterjee, P.K. Singh, S. Ahmed, ……. J. Pasley, A.K. Sood, and G. Ravindra Kumar
Physical Review Letters 108, 235005 (2012)
Doppler Spectrometry for Ultrafast Temporal Mapping of Density Dynamics in laser Induced Plasmas
S. Mondal, A. D. Lad, S. Ahmed,……… P. P. Rajeev, A.P.L. Robinson, and G. Ravindra Kumar
Physical Review Letters 105, 105002 (2010)
Direct, absolute and in situ observation of fast electron transport via Cherenkov emission
H. Habara, …..G. Ravindra Kumar, M.Krishnamurthy, S. Kahaly, ……..and R. Rajeev
Physical Review Letters 104, 055001 (2010)
Highly Enhanced Hard X-ray Emission from Oriented Metal Nanorod Arrays Excited by Intense
Femtosecond Laser Pulses
S.Mondal, I. Chakraborty, S. Ahmad, …….., G. Ravindra Kumar, J. Zheng, and Z. M. Sheng
Physical Review B 83, 035408 (2011)
Near complete absorption of intense, ultrashort laser light by sub-λ gratings
S. Kahaly, S. Yadav, W. M. Wang, S. Sengupta, Z.M. Sheng, A. Das, P. K. Kaw, G. Ravindra Kumar
Physical Review Letters 101, 145001 (2008)

Personnel Trained (number and significant placements)
PhD students: 13, Postdoctoral associates: 9, Junior Research Fellows: 1, Other students: 2
Name
S. Banerjee
Arvinder Sandhu
P. P. Rajeev
S. Kahaly
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Position at TIFR
PhD student, 1995-2000
PhD student, 1998-2004
PhD student, 1998-2004
PhD student, 2002-2008

Current position
Research Associate Professor, U. Nebraska, Lincoln
Associate Professor, U. Arizona, Tucson
Group Leader, ‘Gemini’ Petawatt Laser, STFC, RAL, UK
Group leader, Surface Attosecond Group, ELI, Hungary

M. Krishnamurthy
Professor
Phone: +91 9004680294
Email: mkrism@gmail.com
Web: http://www.tifr.res.in/~uphill/
Google Scholar: https://scholar.google.com/citations?user=zJ7UxckAAAAJ
Education and Professional Training
Ph.D., 1995
Post-doc, 1995 – 1998

University of Bombay / TIFR, Mumbai, India
JILA, Boulder, USA

Appointments
2012 – present
2007 – 2012
2002 – 2006
1999 – 2002
1998 – 1999

Professor H at TIFR
Associate Professor G at TIFR
Reader F at TIFR
Fellow E at TIFR
Fellow D at TIFR

Awards and Fellowships
● DAE-SRC Outstanding Investigator award (2015)
● Fellow of the Indian Academy of Sciences (2013)
● Swarnajayanti Fellowship in Physics (2006-07)
● Head of the Max Planck India Partner group (2007)
● B. M. Birla Science Prize for Physics (2003)
● Young Scientist Medal for Physics by the Indian National Science Academy, Delhi (2001)
● S.N. Ghosh Young Scientist Medal by Indian Society for Atomic and Molecular Physics (2001)
● Associate of the Indian Academy of Sciences, Bangalore (1999)
● University Gold Medal for Chemistry in M.Sc, SSSIHL(1991)
Research Interests and Highlights (last 10 years)
The central theme of my research is on plasma generation and evolution from size limited particles
and see co-relations with the conventional solid targets. In particular, I have contributed to:
●
●
●

●
●

Neutral atom acceleration: Discovery of a novel, totally non-intuitive paradigm of generating accelerated
neutral atoms and negative ions from intense laser produced plasmas.
Biological cell in intense laser plasmas: Discovery of one of the most efficient methods of x-ray emission /
ion acceleration in laser-produced plasmas by using biological cells.
Plasma dynamics with Microparticles: Design and realization of novel microparticle targets for relativistic
hot electron generation at 1/100th lower intensity. Directed electron beams with mJ class laser and low
emittance high brightness source for x-ray imaging is demonstrated.
Nanocluster ionization: Probing nano-plasma dynamics using pump-probe techniques. Revealed absence of
the role of collective mechanisms in short pulse ionizaiton of nano-clusters.
Instrumentation: Development of a state-of-the-art Thompson parabola spectrometer and its use to initiate
a new research field of ‘charge microscopy’ in ionized clusters. Introduced gating methodology to see
facets of plasma acceleration missed in the past 30 years of this field.

Publications (selected)
1.

2.
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A compact laser driven plasma accelerator for MeV energetic neutral atoms,
R. Rajeev, Madhu Trivikram, K.P.M. Rishad, V. Narayanan E. Krishnakumar, M. Krishnamurthy
Nature Physics 9, 185 (2013).
Anomalous ion charge distribution from cluster nanoplasmas,
T. Madhu Trivikram, R. Rajeev,K.P.M. Rishad, V. Narayanan, M. Krishnamurthy,
Phys. Rev. Lett. 111, 143401 (2013).

3.

4.

5.

6.

7.

8.

9.

10.

Recombination of protons accelerated by a high intensity high contrast laser,
Sheroy Tata, A. Mondal, S. Sarkar, J. Jha, Y. Ved, A. D. Lad, J. Colgan, J. Pasley, M. Krishnamurthy,
Phys. Rev. Lett. 121, 134801 (2018).
Anisotropic emission of high energy neutral atoms in a nano-plasma accelerator,
R. Rajeev, M. Trivikram, K. P. M. Rishad, V. Narayanan and M. Krishnamurthy,
New. J. Phys. 17, 230033 (2015).
Enhanced x-ray emission from nano-particle doped bacteria,
M Krishnamurthy*, M Kundu, K Bane, A D Lad, P K Singh, G Chatterjee, G Ravindra Kumar, K Ray,
Opt. Exp. 23, 17909 (2015).
A source to deliver mesoscopic particles for laser plasma studies,
R. Gopal, R. Kumar, M. Anand, A. Kulkarni, D. P. Singh, S. R. Krishnan, V. Sharma and M. Krishnamurthy
Rev. Sci. Instrum. 88, 023301 (2017).
Compact acceleration of energetic neutral atoms using high intensity laser-solid interaction,
Malay Dalui, T. Madhu Trivikram, James Colgan, John Pasley, M. Krishnamurthy
Scientific Reports 7, 3871 (2017).
Gated Thomson parabola spectrometer for improving energetic particle measurements in intense laser plasmas
Sheroy Tata, Angana Mondal, Soubhik Sarkar, Amit D. Lad, and M. Krishnamurthy
Rev. Sci. Instrum. 88, 083305 (2017).
Generation of energetic negative ions from clusters using intense laser fields,
R. Rajeev, Madhu Trivikram, K.P.M. Rishad, V. Narayanan and M. Krishnamurthy,
New J. Phys. 15 43036 (2013).
A Thompson Parabola ion imaging spectrometer designed to probe relativistic intensity ionization
dynamics of nanoclusters,
R. Rajeev, Madhu Trivikram, K. P. M. Rishad, V. Narayanan and M. Krishnamurthy
Rev. Sci. Instrum. 82, 083303 (2011).

Personnel Trained (number and significant placements)
Postdoctoral associates: 5 PhD students: 10 (5 graduating soon)
Junior Research Fellows: 4 Other students: 1 (guided as co-PI)
Name
V. Kumarappan
Rajeev Rajendran
Jagannath Jha
K.P.M. Rishad
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Position at TIFR
PhD student, 1995-2000
PhD student, 2006-2012
PhD student, 2001-2006
JRF/SRF, 2009-2012

Current position
Associate Professor, Kansas State University, USA
Staff Systems Engineer, KLA-Tencor, Milipitas
Scientific officer, TIFR, Mumbai
Asst. Prof., Cochin University of Science and Technology

Sushil Mujumdar
Associate Professor
Phone: +91 (22) 2278 2459
Email: mujumdar@tifr.res.in; sumujumdar@gmail.com
Web: http://www.tifr.res.in/ ~mujumdar
Google Scholar: https://scholar.google.co.in/citations?user=Ck5Els4AAAAJ&hl=en
Education and Professional Training
Ph.D., 2001
Post-doc, 2001 – 2003
Post-doc, 2003 – 2005
Research Asso., 2005 – 2006

Jawaharlal Nehru University / RRI Bangalore, India
European Laboratory for Nonlinear Spectroscopy, Florence, Italy
University of Alberta, Edmonton, Canada
ETH, Zurich, Switzerland

Appointments
2013 –
2007 – 2013
2006 – 2007

Associate Professor at TIFR
Reader at TIFR
Fellow at TIFR

Awards and Fellowships
● Swarnajayanti Fellowship, Department of Science and Technology, India (2013-2014)
● NASI (National Academy of Sciences, India) – Scopus Young Scientist Award (2014)
● Ramanujan Fellowship, Department of Science and Technology, India (2009-2013)
● Training & Research in Italian Laboratories (TRIL) Fellowship of ICTP, Trieste, Italy (2001)
● Junior Research Fellowship, Council of Scientific and Industrial Research (1997)
Research Interests and Highlights (last 10 years)
The central theme of my research is to investigate mesoscopic phenomena related to light propagation
in disordered structures. Some nuggets of my research are:
●
●
●
●
●

Non-gaussian fluctuations of intensity in diffusive random lasers
One-dimensional Anderson localization lasers
Two-dimensional Anderson localization of light
Anderson localization at the hybridization gap in plasmonic systems
Near field microscopy of disordered systems

Publications (Number of refereed publications during 2008-2019: 32). Selected publications:
1.

2.

3.

4.

5.

6.
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Direct experimental determination of critical disorder in one-dimensional weakly disordered photonic
crystals.
M. Balasubrahmaniyam and Sushil Mujumdar*.
Phys. Rev. B, 98, 184203 (2018)
Temporal complexity in emission from Anderson-localized lasers.
Randhir Kumar, M. Balasubrahmaniyam, K. Shadak Alee and Sushil Mujumdar*.
Phys Rev A, 96, 063816 (2017)
Direct observation of Anderson localization in plasmonic terahertz devices
Shashank Pandey, Barun Gupta, Sushil Mujumdar and Ajay Nahata*.
Light: Science and Applications (Nature), 6, e16232 (2017)
Physical manifestation of extreme events in random lasers
Ravitej Uppu and Sushil Mujumdar*.
Optics Letters, 40, 5046 (2015)
Exponentially tempered Levy sums in random lasers
Ravitej Uppu and Sushil Mujumdar*.
Phys. Rev. Lett., 114, 183903 (2015)
Weak disorder induced reduction of lasing threshold in periodic systems
K. Shadak Alee, Randhir Kumar and Sushil Mujumdar*.
Phys. Rev. A, 91, 053818 (2015)

7.

8.

9.

10.

Levy exponents as universal identifiers of threshold and criticality in random lasers
Ravitej Uppu and Sushil Mujumdar*.
Phys. Rev. A, 90, 025801 (2014)
Random lasing over gap states from a quasi-one-dimensional amplifying periodic-on-average random
superlattice
Anjani Kumar Tiwari and Sushil Mujumdar*.
Phys. Rev. Lett., 111, 233903 (2013)
Dependence of Gauss-Levy transition on the disorder strength in random lasers.
Ravitej Uppu and Sushil Mujumdar*.
Phys. Rev. A, 87, 013822 (2013)
Identification of statistical regimes and crossovers in coherent random laser emission.
Ravitej Uppu, Anjani Kumar Tiwari and Sushil Mujumdar*.
Optics Letters, 37, 662-664 (2012)

Personnel Trained (number and significant placements)
Postdoctoral associates: 3
PhD students: 3
Junior Research Fellows: 2
Other students: Several, for Master’s project/ summer students/ vacation projects etc.
Name
Shivakiran Bhaktha
K. Shadak Alee
Anjani Kumar Tiwari
Ravitej Uppu
Randhir Kumar
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Position at TIFR
Post-doc, 2010
Post-doc, 2013-2016
PhD student, 2008-2013
PhD student, 2009-2015
PhD student, 2011-2017

Current position
Assistant Professor, IIT Kharagpur
Assistant Professor, IISER Thiruvananthpuram
DST Inspire Faculty, IIT Kanpur
Post-doc, Neils Bohr Institute, Denmark
Post-doc, Max Planck Institute for Science of Light

Lokesh C. Tribedi
Senior Professor
Phone: +91 (22) 2278 2267
Email: lokesh@tifr.res.in, ltribedi@gmail.com
Web: http://www.tifr.res.in/~abap/
Google Scholar: https://scholar.google.co.in/citations?user=E1JQiB8AAAAJ&hl=en
Education and Professional Training
Ph.D., 1993
Post-doc, 1995 – 1997
Appointments
2004 – 2018
1994 – 2004
2014, 2015
2012
2008 – 2009
2002, 2005
1999

University of Bombay / TIFR, Mumbai, India
Kansas State University, Manhattan, Kansas, USA

Associate Professor G → Professor H → Senior Professor I at TIFR
Fellow D → Reader E → Reader F at TIFR
Visiting Professor (short term), University of Toulouse, France
Guest Professor (short term), Aarhus, Denmark
Visiting Professor, RIKEN, Japan and FHIMPG, Berlin
Visiting Scientist (JSPS short term), Tokyo Metropolitan University
Visiting Scientist (short term), GSI Darmstadt

Awards and Fellowships
● Swarnajayanti Award / Fellowship, DST Govt. of India (2003-2008)
● Rajiv Goyal Young scientist prize (2005)
● JSPS Fellowship (2005, 2008)
● ISAMP (Indian Society for Atomic Molecular Physics) Young Scientist Award (1998)
● Young Scientist Award, Indian National Science Academy, INSA (1994)
● Indian Physics Association Best Thesis Award, Geetha Udgaonkar Award of TIFR (1994)
Research Interests and Highlights (last 10 years)
Atomic molecular collision physics using ions accelerators and e-beams, along with the development
of low energy ion-accelerator-lab. In particular, I have contributed in the following aspects:
●
●
●
●
●

Young type electron interference in a molecular double slit H2, N2 and O2
Ionization and fragmentation of water, large biomolecules-DNA/RNA bases and halouracil
e-emission from PAH molecules, fullerene collective giant resonances(GDPR and GQPR)
Development of ECRIA based low energy highly charged ion-accelerator
High resolution x-rays studies from highly charged ions and ECR-plasma

Publications (Number of refereed publications during 2008-2019: 66). Selected publications:
1.

1. 2.
2.
3.
4. 3.
5.
6.
4.

5.
7. 6.
8.
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Plasmon-mediated electron emission from the coronene molecule under fast ion impact,
Shubhadeep Biswas and L. C. Tribedi,
Phys. Rev. A 92, 060701(R) (2015) Rapid Communications
Double differential cross section for ionization of H2O molecules by 4 MeV/u C6+ and Si13+ ions,
S. Bhattacharjee, S. Biswas, J M Monti, R D Rivarola, and L. C. Tribedi,
Phys. Rev A 96, 052707 (2017)
Ionization of N2 in collisions with fast electrons: evidence of interference effect,
M. Roy Chowdhury, C. R. Stia, O. A. Fojon, R.D. Rivarola, and L. C. Tribedi,
Phys. Rev. A 94, 052703 (2016)
Angle-differential observation of plasmon electrons in the double-differential cross-section spectra of
fast-ion-induced electron ejection from C60,
A. H. Kelkar, L. Gulyás, and L. C. Tribedi,
Phys. Rev. A 92, 052708 (2015)
Angular momentum sensitive two-center interference,
M. Ilchen, …..A. Meissner, L. C. Tribedi, M. AlKhaldi, O. Al-Dossary, and U. Becker,
Phys. Rev. Lett. 112, 023001 (2014)
Observation of 2p3d (1Po) → 1s3d (1De) radiative transition in He-like Si, S and Cl ions,
S. Kasthurirangan, J. K. Saha, A. N. Agnihotri, S. Bhattacharyya, D. Misra, A. Kumar, P. K. Mukherjee,

9.
7.

10.8.
11.
12.
13. 9.
14.
15.
16.10.
17.
18.

J. P. Santos, A. M. Costa, P. Indelicato, T. K. Mukherjee and L. C. Tribedi,
Phys. Rev. Lett. 111, 243201 (2013)
Ionization of uracil in collisions with highly charged carbon and oxygen ions of energies between 100
keV and 78 MeV,
A. N. Agnihotri, S. Kasthurirangan, S. Nandi, A. Kumar, M. E. Galassi, R. D. Rivarola, O. Fojon, C.
Champion, J. Hanssen, H. Lekadir, P. F. Weck and L. C. Tribedi,
Phys. Rev. A 85, 032711 (2012)
Doubly differential distribution of electron emission in ionization of uracil in collisions with 3.5-MeV/u
bare C ions,
A. N. Agnihotri, S. Nandi, S. Kasthurirangan, A. Kumar, M.E. Galassi, R. D. Rivarola, C. Champion,
and L. C. Tribedi,
Phys Rev A 87, 032716 (2013)
Second order interference in collisions of 4-MeV/u F9+ ions with H2,
D. Misra, Aditya H. Kelkar and L. C. Tribedi,
Phys. Rev. A 80, 062701 (2009)
An ECR ion source-based low-energy ion accelerator: development and performance,
A N Agnihotri, A H Kelkar, S Kasthurirangan, K V Thulasiram, C A Desai, W A Fernandez and
L C Tribedi,
Phys. Scr. T 144, 014038 (2011)

Personnel Trained (number and significant placements)
Postdoctoral associates: 7 (2 at present), total 10
PhD students: 8 (5 completed, 3 at present includes 1 JRF, 1 part time researcher), total 12
M.Sc: 1 (TIFR) 2(CBS), 1(MU=Mumbai university) , Other (Project) students: about 12 (10 years)
Name
Umesh Kadhane
Yeshpal Singh
D. Misra
A. Kelkar
A. Agnihotri
S. Nandi
S. Kasthurirangan
Milind Rundhe
Ajay Kumar
Sobhan Sounda
Shyamal Chatterjee
Debashis Mitra
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Position at TIFR
PhD 2006
PhD 2005
PhD 2007
PhD 2008
PhD 2013
PhD 2014
PhD-yet to get degree
Post-doc 2012-14
Post-doc 2004-07
Post-doc 2007-09
Post-doc 2007-10
Post-doc 2000-2001

Current position
Faculty IIST, Trivandrum
Faculty, University of Birmingham, UK
Faculty TIFR
Faculty IIT Kanpur
Faculty IIT Delhi
Faculty Institut Lumière Matière, Lyon, France
Faculty, Mumbai University
Faculty, Mumbai University
Faculty, Bhabha Atomic Res Center, BARC-Mumbai
Faculty, Presidency University, Kolkata
Faculty, IIT Bhubaneswar
Faculty, Kalyani University

Deepankar Misra
Reader
Phone: +91 (22) 2278 2822
Email: dmisra@tifr.res.in
Web: http://www.tifr.res.in/~abap/
Google Scholar: https://scholar.google.co.in/citations?user=hRL8nZMAAAAJ&hl=en
Education and Professional Training
Ph.D., 2007
Post-doc, 2007 – 2010
Post-doc, 2010 – 2010

TIFR, Mumbai, India
Stockholm University, Stockholm, Sweden
Max Planck Institute for Nuclear Physics, Heidelberg, Germany

Appointments
2013 –
2011 – 2013
2010 – 2011

Reader F
Reader
Fellow E

Awards and Fellowships
● INSA Young Scientist Award, the Indian National Science Academy, INSA (2011)
Research Interests and Highlights (last 10 years)
The central theme of my research is to understand and study the ion impact fragmentation dynamics
of small molecular systems.
●
●
●
●

Designed and developed a COLd Target Recoil Ion Momentum Spectrometer setup
(COLTRIMS)
Concerted and sequential breakup pathways in the three body fragmentation of CO2 and N2O
molecular ions.
Velocity and charge state dependence of fragmentation of N2. Systematic enhancement and
depletion of various excited states as a function of charge state and velocity of the projectile.
Fragmentation dynamics of tetra-atomic non-planer molecule H2O2 in collision with highly
charged ions. Three and four body break up dynamics. Concerted and sequential path ways.
Identification of Cis and Trans isomerization.

Publications (selected)
1.

2.

3.

4.

5.
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Three-body fragmentation of multiply charged nitrous oxide induced by Ar8+- and Xe15+-ion impact,
Arnab Khan, Lokesh C. Tribedi and Deepankar Misra,
Phys. Rev. A 96, 012703 (2017)
Measurements of the line resolved M-shell X-ray production cross sections for 79Au, 82Pb and 83Bi by 100
keV/u proton, C, N, O ions:
Shehla, Ajay Kumar, C. Bagdia, Anil Kumar, D. Misra, Sanjiv Puri and L.C. Tribedi,
Nucl. Instr. Meth. Phys. Res. B 399, 74 (2017)
Decay dynamics of N2O under the impact of fast electrons,
Arnab Khan and Deepankar Misra,
J. Phys. B: At. Mol. Opt. Phys. 49, 055201 (2016)
Double differential distribution of electron emission in the ionization of water molecules by fast bare
oxygen ions,
Shamik Bhattacharjee, Shubhadeep Biswas, Chandan Bagdia, Madhusree Roychowdhury, Saikat Nandi,
Deepankar Misra, J M Monti, C A Tachino, R D Rivarola, C Champion,
J. Phys. B: At. Mol. Opt. Phys. 49, 065202 (2016)
Observation of a sequential process in charge-asymmetric dissociation of CO2q+ (q=4,5) upon the impact
of highly charged ions,
Arnab Khan, Lokesh C. Tribedi, and Deepankar Misra,
Phys. Rev. A 92, 030701(R) (2015)

6.

7.

8.

9.

10.

11.

A recoil ion momentum spectrometer for molecular and atomic fragmentation studies,
Arnab Khan, Lokesh Tribedi, and Deepankar Misra,
Rev. Sci. Instrum. 86, 043105 (2015)
Electron emission in ionization of He and Ne by fast dressed oxygen ions and projectile charge state
dependence,
S. Biswas, S. Kasthurirangan, D. Misra, J. M. Monti, R. D. Rivarola, P. D. Fainstein and L. C. Tribedi,
Phys. Rev. A 91, 022711 (2015)
Energy and angular distribution of electrons in ionization of He and Ne by 6-MeV/u bare carbon ions:
Comparison with continuum-distorted-wave eikonal-initial-state calculations in prior and post forms,
Shubhadeep Biswas, D. Misra, J. M. Monti, C. A. Tachino, R. D. Rivarola, and L. C. Tribedi,
Phys. Rev. A 90, 052714 (2014)
Observation of 2p3d(1Po) → 1s3d(1De) Radiative Transition in He-like Si, S, and Cl Ions,
S. Kasthurirangan, J. K. Saha, A. N. Agnihotri, S. Bhattacharyya, D. Misra, A. Kumar, P. K. Mukherjee,
J. P. Santos, A. M. Costa, P. Indelicato, T. K. Mukherjee, and L. C. Tribedi
Phys. Rev. Lett. 111, 243201 (2013)
Energy and angular distributions of the low-energy electron emission in collisions of 4 MeV/u bare F ions
with He atoms,
Deepankar Misra, Aditya H. Kelkar, Pablo D Fainstein and Lokesh C. Tribedi,
J. Phys. B: At. Mol. Opt. Phys. 45, 225201 (2012)
Two-Center Double-Capture Interference in Fast He2++H2 Collisions,
Deepankar Misra, H. T. Schmidt, M. Gudmundsson, D. Fischer, N. Haag, H. A. B. Johansson, A.
Källberg, B. Najjari, P. Reinhed, R. Schuch, M. Schöffler, A. Simonsson, A. B. Voitkiv, H. Cederquist,
Phys. Rev. Lett. 102, 153201, (2009)

Personnel Trained (number and significant placements)
Postdoctoral associates: 1
PhD students: 1
Junior Research Fellows: 0
Other students: 3
Name
M. Nrishimhamurty
Arnab Khan
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Position at TIFR
Post-doc, 2016-2019
PhD student, 2010-2016

Current position
Post-doc, Goethe University, Frankfurt, Germany

Vaibhav S. Prabhudesai
Associate Professor
Phone: +91 (22) 2278 2502
Email: vaibhav@tifr.res.in
Web: http://www.tifr.res.in/~dnap/index.php/contact-mdcbms
Google Scholar: https://scholar.google.co.in/citations?user=iEDtVwoAAAAJ&hl=en
Education and Professional Training
Ph.D., 2006
Visiting Fellow, Aug 2006 – Jan 2007
Post-doc, 2007 – 2010
Visiting Fellow, May 2010 – Oct 2010

TIFR, Mumbai, India
TIFR, Mumbai, India
Weizmann Institute of Science, Israel
TIFR, Mumbai India

Appointments
2018 –
2012 – 2018
2010 – 2012

Associate Professor (G) at TIFR
Reader (F) at TIFR
Fellow (E) at TIFR

Awards and Fellowships
● Indian National Science Academy Young Scientist Medal (2008)
Research Interests and Highlights (last 10 years)
My research work is all about understanding the low energy electron molecule interaction particularly
the process of dissociative electron attachment (DEA). I am interested in exploring the use of photons
and low energy electrons separately as well as in combination to control the molecular dynamics with
the ultimate goal of controlling chemical reactions. Some highlights:
●
●
●
●
●
●
●

Demonstration of quantum coherence effect in single electron attachment to molecules
Demonstration of functional group dependent site selectivity in DEA to organic molecules
Determination of structure and dynamics of excited negative ion states of simple molecules
First ever experimental demonstration of catalytic action of low energy free electrons
C-H bond activation by low energy electron interaction with mixtures of CH4 with NH3 and O2
Observation of quantum interference via light induced conical intersections in diatom
Effect of linear and quadratic chirp on photodissociation of H2+ ions

Publications (Number of refereed publications during 2008-2019: 29). Selected publications:
1.

2.

3.

4.

5.

6.
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DEA dynamics of chlorine dioxide probed by velocity slice imaging
Krishnendu Gope, Nigel Mason, E. Krishnakumar and Vaibhav S. Prabhudesai
Phys. Chem. Chem. Phys., (In press) (2019) DOI: 10.1039/c8cp06660d
Formation of CO2 from formic acid through catalytic electron channel
Daly Davis, Sramana Kundu, Vaibhav S Prabhudesai and E. Krishnakumar
J. Chem. Phys. 149, 064308 (2018) (Editor’s pick)
Symmetry breaking by quantum coherence in single electron attachment
E. Krishnakumar, Vaibhav S. Prabhudesai and Nigel Mason
Nature Physics, 14, 149 (2018) (On cover)
Low energy electron induced C-H activation reactions in methane containing ices
Sramana Kundu, Vaibhav S. Prabhudesai and E. Krishnakumar
J. Phys. Chem. C, 121, 22862 (2017)
Observation of quantum interferences via light-induced conical intersections in diatomic molecules
Adi Natan, M. R. Ware, Vaibhav S. Prabhudesai, Uri Lev, B. D. Bruner, O. Heber, Philip H. Bucksbaum
Phys. Rev. Lett., 116, 143004 (2016)
Probing the resonant states of Cl2 using velocity slice imaging
Krishnendu Gope, Vaibhav S. Prabhudesai, Nigel J. Mason and E. Krishnakumar
J. Phys. B: At. Mol. Opt. Phys., 49, 015201 (2016)

7.

8.

9.

10.

Quantum control of photodissociation using intense, femtosecond pulses shaped with third order
dispersion
U. Lev, L. Graham, C. B. Madsen, I. Ben-Itzhak, B. D. Bruner, B. D. Esry, H. Frostig, O. Heber, A.
Natan, V. S. Prabhudesai, D. Schwalm, Y. Silberberg, D. Strasser, I. D. Williams and D. Zajfman
J. Phys. B: At. Mol. Opt. Phys., 48, 201001 (2015) (Fast Track Communication).
Dissociative electron attachment studies on acetone
Vaibhav S. Prabhudesai, Vishvesh Tadsare, Sanat Ghosh, Krishnendu Gope, Daly Davis and E.
Krishnakumar
J. Chem. Phys., 141, 164320 (2014)
O- from amorphous and crystalline CO2 ices
Daly Davis, Sramana Kundu, Vaibhav S. Prabhudesai and E. Krishnakumar
Phys. Chem. Chem. Phys., 16, 8582 (2014)
Tracing the photodissociation probability of H2+ in intense field using chirped laser pulses
Vaibhav S. Prabhudesai, Uri Lev, Adi Natan, B. D. Bruner, A. Diner, Oded Heber, Daniel Strasser, Dirk
Schwalm, Itzik Ben-Itzhak, J. J. Hua, B. D. Esry, Yaron Silberberg, and Daniel Zajfman,
Phys. Rev. A 81, 023401 (2010)

Personnel Trained (number and significant placements)
PhD students: 3
Junior Research Fellows: 1
Other students: 10
Name
Krishnendu Gope
Sramana Kundu
Vishvesh Tadsare
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Position at TIFR
PhD student, 2011-2017
PhD student, 2012-2018
PhD student, 2011-2018

Current position
Post Doc, Hebrew University, Jerusalem, Israel
Postdoc, Georgia Tech, USA

Sourav Dutta
Reader
Phone: +91 (22) 2278 2250
Email: sourav.dutta@tifr.res.in
Web: https://sites.google.com/site/souravduttamr/
Google Scholar: https://scholar.google.co.in/citations?user=viS9KB8AAAAJ&hl=en&oi=sra
Education and Professional Training
Ph.D., 2013
Pancharatnam Fellow, 2014 – 2015
DST-INSPIRE Faculty, 2015 – 2018

Purdue University, West Lafayette, USA
Raman Research Institute, Bangalore, India
Raman Research Institute, Bangalore, India

Appointments
July 2018 –
Jan – July 2018

Reader (F) at TIFR
Assistant Professor at IISER Bhopal

Awards and Fellowships
● DST INSPIRE Faculty Fellowship, Department of Science and Technology, India (2014)
● Karl Lark-Horovitz Award, Department of Physics, Purdue University (2014)
● Pancharatnam (post-doctoral) Fellowship, Raman Research Institute (2014)
● Dr. D. S. Kothari Post-doctoral Fellowship, University Grants Commission (2014), declined
● Bilsland Dissertation Fellowship, Purdue University (2013)
● FGSA (American Physical Society) Travel Award for Excellence in Graduate Research (2013)
● Dr. Warner Black Award, Department of Physics, Purdue University (2012)
● Summer Fellowship, Indian Academy of Sciences and Indian National Science Academy (2007)
● Summer Fellowship, Indian Academy of Sciences (2006)
Research Interests and Highlights (last 10 years)
We are interested in investigating the physics and chemistry of atoms, ions and molecules at ultralow
temperatures. The work involves cooling and trapping of atoms, ions and molecules in order to study
cold collisions and interactions at low temperatures. Some of my contributions are:
●
●
●

First demonstration of production of ultracold polar LiRb molecules
Demonstration of cooling of low-mass ions trapped in a Paul trap by atoms of higher mass
Demonstration of a novel ion cooling mechanism based on resonant charge exchange

Publications Number of refereed publications during 2008-2019: 17). Selected publications:
1.

2.

3.

4.

5.
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Observation of quantum interference and coherent control in a photochemical reaction
David B. Blasing, Jesús Pérez-Ríos, Y. Yan, Sourav Dutta, Chuan-Hsun Li, Qi Zhou, and Yong P. Chen
Physical Review Letters 121, 073202 (2018)
Cooling of trapped ions by resonant charge exchange
Sourav Dutta and S. A. Rangwala
Physical Review A (Rapid Communications) 97, 041401(R) (2018)
Collisional cooling of light ions by cotrapped heavy atoms
Sourav Dutta, Rahul Sawant and S. A. Rangwala
Physical Review Letters 118, 113401 (2017)
Two-photon photoassociation spectroscopy of an ultracold heteronuclear molecule
Sourav Dutta, Jesús Pérez-Ríos, D. S. Elliott and Yong P. Chen
Physical Review A 95, 013405 (2017)
Nondestructive detection of ions using atom-cavity collective strong coupling
Sourav Dutta and S. A. Rangwala
Physical Review A 94, 053841 (2016)

6.

7.

8.

9.

10.
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Photodissociation of trapped Rb2+ : Implications for simultaneous trapping of atoms and molecular ions
S. Jyothi, Tridib Ray, Sourav Dutta, Romain Vexiau, A. R. Allouche, O. Dulieu and S. A. Rangwala
Physical Review Letters 117, 213002 (2016)
Formation of ultracold 7Li85Rb molecules in the lowest triplet electronic state by photoassociation and
their detection by ionization spectroscopy
Adeel Altaf, Sourav Dutta, John Lorenz, Jesús Pérez-Ríos, Yong P. Chen and D. S. Elliott
The Journal of Chemical Physics 142, 114310 (2015)
Photoassociation of ultracold LiRb* molecules: observation of high efficiency and unitarity limited rate
saturation
Sourav Dutta, J. Lorenz, A. Altaf, D. S. Elliott, and Yong P. Chen
Physical Review A (Rapid Communications) 89, 020702(R) (2014)
Mode-hop-free tuning over 135 GHz of external cavity diode lasers without anti-reflection coating
Sourav Dutta, D. S. Elliott, and Yong P. Chen
Applied Physics B 106, 629-633 (2012)
Laser spectroscopy of the X 1Σ+ and B 1Π states of the LiRb molecule
Sourav Dutta, A. Altaf, D. S. Elliott, and Yong P. Chen
Chemical Physics Letters 511, 7-11 (2011)

Subrata Pal
Professor
Phone: +91 (22) 2278 2820
Email: spal@tifr.res.in
Web: http://www.tifr.res.in/ ~spal
Google Scholar: https://scholar.google.co.in/citations?user=zHhLFR0AAAAJ&hl=en
Education and Professional Training
Ph.D., 1997
Post-doc, 1998 – 2000
Post-doc, 2000 – 2002
Post-doc, 2002 – 2005

Saha Institute of Nuclear Physics, University of Calcutta, India
Goethe University, Frankfurt, Germany
Texas A&M University, College Station, USA
NSCL, Michigan State University, East Lansing, USA

Appointments
2018 –
2011 – 2018
2007 – 2011
2006 – 2007

Professor at TIFR
Associate Professor at TIFR
Reader at TIFR
Reader at University of Hyderabad

Awards and Fellowships
● Alexander von Humboldt Fellowship (1998-2000)
● National Merit Scholarship, Govt. of India (1986-1992)
Research Interests and Highlights (last 10 years)
Theoretical studies of the equation of state of neutron-rich asymmetric nuclear matter and nuclear
multifragmentation in intermediate energy heavy ion collisions. Properties of hot and dense hadronic
matter and quark-gluon plasma in ultra-relativistic energy heavy-ion collisions.
● Nuclear symmetry energy constraints from neutron skin thickness of nuclei
● Developed A MultiPhase Transport (AMPT) model in relativistic energy heavy-ion collisions
● New formulations of relativistic dissipative hydrodynamics
● Principal Component Analysis of flow fluctuations
● Formulation of hydrodynamic fluctuations
Publications (Number of refereed publications during 2008-2019: 35). Selected publications:
1.

2.

3.

4.

5.

6.
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Thermal noise in non-boost-invariant dissipative hydrodynamics,
C. Chattopadhyay, S. Pal,
Physical Review C 98, 034911 (2018).
Effects of initial-state dynamics on collective flow within a coupled transport and viscous hydrodynamic
approach,
C. Chattopadhyay, R.S. Bhalerao, J.-Y. Ollitrault, S. Pal,
Physical Review C 97, 034915 (2018).
Principal component analysis of event-by-event fluctuations,
R.S. Bhalerao, J.-Y. Ollitrault, S. Pal, D. Teaney,
Physical Review Letters 114, 152301 (2015).
Event-plane correlators,
R.S. Bhalerao, J.-Y. Ollitrault, S. Pal,
Physical Review C 88, 024909 (2013) .
Complete relativistic second-order dissipative hydrodynamics from the entropy principle,
A. Jaiswal, R.S. Bhalerao, S. Pal,
Physical Review C 87, 021901(R) (2013).
New relativistic dissipative fluid dynamics from kinetic theory,
A. Jaiswal, R.S. Bhalerao, S. Pal,
Physics Letters B 720, 347 (2013).

7.

8.

9.

10.

Suppression of high pT hadrons in Pb+Pb collisions at LHC,
S. Pal, M. Bleicher,
Physics Letters B 709, 82 (2012).
Shear viscosity to entropy density ratio in nuclear multifragmentation,
S. Pal,
Physical Review C 81, 051601(R) (2010) .
Shear viscosity to entropy density ratio of a relativistic Hagedorn resonance gas,
S. Pal,
Physics Letters B 684, 211 (2010).
Nuclear symmetry energy effects in finite nuclei and neutron star,
B.K. Sharma, S. Pal,
Physics Letters B 682, 23 (2009).

Personnel Trained (number and significant placements)
Postdoctoral associates: 4
PhD students: 3
Other students: 4
Name
Bharat K. Sharma
Sreemoyee Sarkar

Position at TIFR
Post-doc, 2008-2010
Post-doc, 2012-2015

Amaresh Jaiswal
Ananta Mishra
Chandrodoy Chattopadhyay

PhD student, 2010-2014
Post-doc, 2015-2016
PhD student, 2014-2018
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Current position
Assistant Professor at Amrita Vishwa Univ
DST-INSPIRE Faculty, Centre for Excellence in
Basic Sciences, Mumbai
Assistant Professor, NISER, Bhubaneswar
Postdoctoral Fellow NISER, Bhubaneswar
Post-doc, Ohio State Univ, Columbus

Indranil Mazumdar
Professor
Phone: +91 (22) 2278 2238
Email: indra@tifr.res.in
Web:http://www.tifr.res.in/ ~dnap/index.php/members
Google Scholar:
Education and Professional Training
Ph.D., 1997
Post-doc, 1997 – 2000
Sr. Visiting Scientist 2012 – 2013

University of Delhi / Inter University Accelerator Centre,
Delhi (Formerly Nuclear Science Centre), India
State University of New York, Stony Brook, NY, USA
TUNL & Duke Univ., Durham, NC, USA

Appointments
2015 –
2009 – 2015
2004 – 2009
2000 – 2004

Professor (H) at TIFR
Associate Professor (G) at TIFR
Reader (F) at TIFR
Fellow (E) at TIFR

Awards and Fellowships
● Swarnajayanti Award & Fellowship, Dept. Science & Technology, Govt. of India
Research Interests and Highlights (last 10 years)
My principal research interests over the last ten years are
●

●
●
●

Heavy-ion induced nuclear reactions to study nuclear structure and reaction dynamics, namely, GDR decay
studies and fusion-fission dynamics, phenomenological microscopic-macroscopic calculations for nuclear
shape-phase transitions at finite temperature and angular momentum,
Proton induced scattering and capture reactions to study nuclear structure and Big Bang Nucleosynthesis,
Nuclear instrumentation, especially, studies in scintillation detectors and setting up large arrays of
scintillation detectors,
Theoretical studies of light neutron-rich halo nuclei and search for Efimov effect in 2n halo nuclei using
three-body model calculations

Some of the major findings/outcomes of these activities are
●
●

●
●

Predicting the mechanism leading to evolution of Efimov states into Fano resonances in 2n-halo nuclei
through three-body analysis.
Designing and building a 4 sum-spin spectrometer of 32 NaI(Tl) detectors and coupling it with a gasfilled magnetic recoil separator. This setup is being used for studies in heavy-ion induced fusion-fission
dynamics and producing very high quality data.
Exhaustive studies in scintillator detectors, mainly, Lanthanum Bromide and array of such detectors.
Detailed measurements of proton induced capture and reaction studies producing new and precision data.

Publications (Number of refereed publications during 2008-2019: 43). Selected publications:
1.

2.

3.

4.
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Characterization of a 2X2 array of large square bars of LaBr :Ce detectors with -rays up to 22.5 MeV,
M. Dhibar, I. Mazumdar, P.B. Chavan, S.M. Patel, G. Anil Kumar,
Nucl. Instr. Meth A 883, 183 (2018)
Evaporation Residue cross section measurements for 48Ti-induced reactions,
P. Sharma, B.R. Behera, R. Mahajan, M. Thakur, G. Kaur, K. Kapoor, K. Rani, N. Madhavan, S. Nath, J.
Gehlot, R. Dubey, I. Mazumdar, S.M. Patel, M. Dhibar, M.M. Hosamani, Khusboo, N. Kumar, A.
Shamlath, G. Mohanto, S. Pal,
Phys. Rev. C 96, 034613 (2017)
Giant Dipole Resonance and shape transitions in hot and rotating 88Mo,
A.K. Rhine Kumar, P. Arumugam, N. Dinh Dang, I. Mazumdar,
Phys. Rev. C 96, 14309 (2017)
Spin distributions and cross sections of evaporation residues in 28Si+176Yb reaction,

5.

6.

7.

8.

9.

10.

K. Sudarshan, R. Tripathi, S. Sodaye, S.K. Sharma, P.K. Pujari, J. Gehlot, N. Madhavan, S. Nath, G.
Mohanto. I. Mukul, A. Jhingan, I. Mazumdar,
Phys. Rev. C 95, 024604 (2017)
Cross section measurements of the 10B(p)11C reaction between 2.0 and 6.0 MeV,
A.Kafkarkou, M.W. Ahmed, D.P. Kendellen, I. Mazumdar, J.M. Mueller, L.S. Myers, M.H. Sikora, H.R.
Weller, W.R. Zimmerman,
Phys. Rev. C 89, 014601 (2014)
Effect of angular momentum on giant dipole resonance observables in the 26Si+116Cd reaction,
I.Mukul,A. Roy, P. Sugathan, J. Gehlot, G. Mohanto, N. Madhavan, S. Nath, R. Dubey, I. Mazumdar,
D.A. Gothe, M. Kaur, A.K.R Kumar, P. Arumugam,
Phys. Rev. C 88, 024312 (2013)
Evaporation residue excitation function and spin distribution for 31P+170Er,
G. Mohanto, N. Madhavan, S. Nath, J. Gehlot, I. Mukul, A.Jhingan, T. Varughese, A. Roy, I. Mazumdar,
D.A Gothe, P.B. Chavan, J. Sadhukhan, S. Pal, M. Kaur, V. Singh, A.K. Sinha,
Phys. Rev. C 88, 034606 (2013)
Studying the properties and response of a large volume (946 cm3) LaBr3:Ce detector with -rays up to 22.5
MeV,
I.Mazumdar, D.A. Gothe, G. Anil Kumar, N. Yadav, P.B. Chavan, S.M. Pate,
Nucl. Instr. Meth. A 705, 85 (2013)
Evolution of Efimov States into continuum in neutron rich (2n-core) nuclei – Ageneral study,
I.Mazumdar, V.S. Bhasin, A.R.P. Rau,
Phys. Lett. B 704, 51 (2011)
Deformation and shape transitions in hot rotating neutron deficient Te isotopes.
M. Aggarwal, I. Mazumdar
Phys. Rev. C 80, 024322 (2009)

Personnel Trained (number and significant placements)
Postdoctoral associates: 3
PhD students: 1
Junior Research Fellows: 1
Other students: 5
Name
Anil K Gourishetty
A. K. Rhine Kumar
S. Roy
M. Dhibar
S. Basu
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Position at TIFR
Post-doc, 2007 - 2009
Post-doc, 2015-2017
Post-doc, 2013-2015
PhD student 2013-2018
JRF 2013-2014

Current position
Associate Professor, IIT Roorkee
Assistant Professor, Cochin Univ. of Sc. Tech.

Rudrajyoti Palit
Professor
Phone: +91 (22) 2278 2562
Email: palit@tifr.res.in
Web: http://www.tifr.res.in/~palit
Google Scholar: https://scholar.google.co.in/citations?user=WFjG8yMAAAAJ

Education and Professional Training
Ph.D., 2001
Post-doc, 2001 – 2003
Post-doc, 2003 – 2004

TIFR / University of Bombay, Mumbai, India
Institute of Kernphysik, Frankfurt University, Germany
Gasellschaft fur Schwerionenforschung, Darmstadt, Germany

Appointments
2018 –
2012 – 2017
2007 – 2012
2004 – 2007
Jan – Feb 2017
Jun – Aug 2012

Professor at TIFR
Associate Professor at TIFR
Reader at TIFR
Fellow E at TIFR
Guest Professor, Osaka University, Osaka, Japan
JINA visitor, Notre Dame University, Notre Dame, USA

Research Interests and Highlights (last 10 years)
I am interested in exploring the structure and dynamics of atomic nuclei through differnet nuclear reactions as
well as the associated instrumentation for experiments. In particular, I have contributed to the understanding of:
●
●
●

Novel excitation modes of nuclei using gamma-ray spectroscopy
Isomers for nuclear sturture and future tools
Use of different reactions for study of excited states of neutron rich nuclei

Publications (Number of refereed publications during 2008-2019: 130+). Selected publications:
1.

2.

3.

4.

5.

6.
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g-factor measurement of the 2738 keV isomer in 135La
Md. S. R. Laskar, S. Saha, R. Palit, S. N. Mishra, N. Shimizu, Y. Utsuno, E. Ideguchi, Z. Naik, F. S.
Babra, S. Biswas, S. Kumar, S. K. Mohanta, C. S. Palshetkar, P. Singh, and P. C. Srivastava,
Phys. Rev. C 99, 014308 (2019)
High-spin states in 133Cs and the shell model description
S. Biswas, R. Palit, J. Sethi, S. Saha, A. Raghav, U. Garg, Md. S. R. Laskar, F. S. Babra, Z.Naik, S.
Sharma, A. Y. Deo, V. V. Parkar, B. S. Naidu, R. Donthi, S. Jadhav, H. C. Jain, P. K.Joshi, S. Sihotra, S.
Kumar, D. Mehta, G. Mukherjee, A. Goswami, and P. C. Srivastava
Phys. Rev. C 95, 064320 (2017)
Structure of 13252 Te80: The two-particle and two-hole spectrum of 13250 Sn82
S.Biswas, R. Palit, A.Navin, M.Rejmund, A.Bisoi, M.S.Sarkar, S.Sarkar, S.Bhattacharyya, D.C.Biswas,
M.Caamano, M.P.Carpenter, D.Choudhury, E.Clement, L.S.Danu, O.Delaune, F.Farget, G.de France,
S.S.Hota, B.Jacquot, A.Lemasson, S.Mukhopadhyay, V.Nanal, R.G.Pillay, S.Saha,J.Sethi, P.Singh,
P.C.Srivastava, S.K.Tandel
Phys. Rev. C 93, 034324 (2016)
Transverse Wobbling in 135Pr
J. T. Matta, U. Garg, W. Li, S. Frauendorf, A. D. Ayangeakaa, D. Patel, K. W. Schlax, R. Palit, S. Saha, J.
Sethi, T. Trivedi, S. S. Ghugre, R. Raut, A. K. Sinha, R. V. F. Janssens, S.Zhu, M. P. Carpenter, T.
Lauritsen, D. Seweryniak, C. J. Chiara, F. G. Kondev, D. J. Hartley, C. M. Petrache, S. Mukhopadhyay, D.
Vijaya Lakshmi, M. Kumar Raju, P. V. Rao, S. K. Tandel, S. Ray, F. Donau
Phys. Rev. Lett. 114, 082501 (2015).
Investigation of the high spin structure of 88Zr
S. Saha, R. Palit, J. Sethi, S. Biswas, P. Singh, T. Trivedi, D. Choudhury, and P. C. Srivastava
Phys. Rev. C 89, 044315 (2014)
Exploring the origin of nearly degenerate doublet bands in 106Ag
N. Rather, P. Datta, S. Chattopadhyay, S. Rajbanshi, A. Gowsami, G. H. Bhat, J. A. Sheikh, S.Roy, R.
Palit, S. Pal, S. Saha, J. Sethi, S. Biswas, P. Singh, and H. C. Jain
Phys. Rev. Lett.112, 202503 (2014)

7.

8.

9.

10.

Structure of nearly degenerate dipole bands in 108Ag
J.Sethi, R.Palit, S.Saha, T.Trivedi, G.H.Bhat, J.A.Sheikh, P.Datta, J.J.Carroll, S.Chattopadhyay,R.Donthi,
U.Garg, S.Jadhav, H.C.Jain, S.Karamian, S.Kumar, M.S.Litz, D.Mehta, B.S.Naidu, Z.Naik, S.Sihotra,
P.M.Walker
Phys. Lett. B 725, 85 (2013)
Triaxial projected shell model study of chiral rotation in odd - odd nuclei
G.H. Bhat, J.A. Sheikh, R. Palit
Phys. Lett. B 707, 237 (2012)
A high speed digital data acquisition system for the Indian national gamma array at TIFR
R. Palit, S. Saha, J. Sethi, T. Trivedi, S. Sharma, B.S. Naidu, S. Jadhav, R. Donthi, P.B. Chavan, H. Tan,
W. Hennig
Nuclear Instruments and Methods in Physics Research A 680, 90 (2012)
Fusion cross sections for the 9Be +124Sn reaction at energies near the Coulomb barrier
V.V.Parkar, R.Palit, Sushil K.Sharma, B.S.Naidu, S.Santra, P.K.Joshi, P.K.Rath, K.Mahata,
K.Ramachandran, T.Trivedi, A.Raghav
Phys. Rev. C 82, 054601 (2010)

Personnel Trained (number and significant placements)
PhD students: 3 completed + 3 continuing Postdoctoral associates: 8
Junior Research Fellows: 2
Other students: 10
Name
Z. Naik
A.Y. Deo
V. Parkar
T. Trivedi
D. Choudhruy
S. Saha
S. Biswas
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Position at TIFR
Post-doc, 2006-2009
Post-doc, 2006-2008
Post-doc, 2008-2010
Post-doc, 2010-2012
Post-doc, 2013-2014
PhD student, 2010-2015
PhD student, 2012-2017

Current position
Assistant Professor in Sambalpur University
Assistant Professor at IIT Roorkee
Scientific Officer(D), NPD, BARC
Assistant Professor in Guru Ghasidas Central Univ
Assistant Professor at IIT Ropar
Post-doc, GSI, Germany
Post-doc, GANIL, France

Vandana Nanal
Professor
Phone: +91 22 22782333
Email: nanal@tifr.res.in
Web: http://www.tifr.res.in/~dnap/index.php/research/nuclear-physics-laboratory
Google Scholar: https://scholar.google.co.in/citations?user=hBFhAbwAAAAJ&hl=en
Education and Professional Training
Ph.D., 1994
Post-doc, 1995 – 1997
Research Asso. 1997 – 1998

TIFR, University of Bombay, India
Argonne National Laboratory, USA
Argonne National Lab. and Univ. of Illinois, Chicago, USA

Appointments
2014 –
2007 – 2014
2002 – 2007
May – Nov. 2000
1998 – 2002

Professor (H) at TIFR
Associate Professor (G) at TIFR
Reader (F) at TIFR
Visiting scientist, Argonne National Lab. and Univ. of Illinois, Chicago, USA
Fellow (E) at TIFR

Awards and Fellowships
Research Interests and Highlights (last 10 years)
●
●
●
●
●
●

Study of neutrinoless double beta decay
Nuclear structure at high temperature and angular momenta (Giant Dipole Resonance)
Accelerator Physics & instrumentation
Reactions with weakly bound nuclei
Fusion- fission dynamics
Cryogenic detector development

Publications (Number of refereed publications during 2008-2019: 59). Selected publications:
1.

2.

3.

4.

5.

6.

7.
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Study of the Jacobi shape transition in A ≈ 30 nuclei,
Balaram Dey, C. Ghosh, Deepak Pandit, A. K. Rhine Kumar, S. Pal, V. Nanal, R. G. Pillay, P. Arumugam,
S. De, G. Gupta, H. Krishnamoorthy, E. T. Mirgule, Surajit Pal,
Phys. Rev. C 97, 014317 (2018).
New limit for the half-life of double beta decay of 94Zr to the first excited state of 94Mo,
N. Dokania, V. Nanal, G. Gupta, S. Pal, R. G. Pillay, P. K. Rath, V.I. Tretyak, A. Garai, H.
Krishnamoorthy, C. Ghosh, P. K. Raina, K.G. Bhushan,
Eur. Phys. J. A 53, 74 (2017).
Temperature dependence of the giant dipole resonance width in 152Gd,
C. Ghosh, G. Mishra, A.K.R. Kumar, N. Dokania, V. Nanal, R.G. Pillay, S. Kumar, P.C. Rout, S. Joshi, P.
Arumugam,
Physical Review C 94, 014318 (2016).
Heat Capacity Setup for Superconducting Bolometer Absorbers below 400 mK,
V. Singh, Mathimalar S, N. Dokania, V. Nanal, R.G. Pillay, S. Ramakrishnan,
Journal of Low Temperature Physics 175, 604 (2014).
Search for neutrinoless double beta decay in 124Sn,
V. Nanal,
INPC 2013 proceedings, EPJ web of Conf. 66, 08005 (2014).
Fusion and quasi-elastic scattering in 6,7Li+197Au systems,
C.S. Palshetkar, Shital Thakur, V. Nanal, A. Shrivastava, N. Dokania, V. Singh, V.V. Parkar, P.C. Rout, R.
Palit, R.G. Pillay, S. Bhattacharyya, A. Chatterjee, S. Santra, K. Ramachandran and N.L. Singh,
Phys. Rev. C 89, 024607 (2014).
Highly Efficient and Electrically Robust Carbon Irradiated Semi-Insulating GaAs Based Photoconductive
THz Emitters,

8.

9.

10.

Abhishek Singh, Sanjoy Pal, Harshad Surdi, S.S. Prabhu, Vandana Nanal and R. G. Pillay,
Applied Physics letters 104, 063501 (2014).
Electromagnetic Transition from the 4+ to 2+ Resonance in 8Be Measured via the Radiative Capture in
4
He+4He,
V. M. Datar, D. R. Chakrabarty, Suresh Kumar, V. Nanal, S. Pastore, R. B. Wiringa, S.P. Behera, A.
Chatterjee, D. Jenkins, C. J. Lister, E. T. Mirgule, A. Mitra, R. G. Pillay, K. Ramachandran, O.J. Roberts, P.
C. Rout, A. Shrivastava, and P. Sugathan,
Phys. Rev. Lett. 111, 062502 (2013).
Modern Rutherford Experiment: Tunneling of the Most Neutron-Rich Nucleus,
A. Lemasson, A. Shrivastava, A. Navin, M. Rejmund, N. Keeley, V. Zelevinsky, S. Bhattacharyya, A.
Chatterjee, G.de France, B. Jacquot, V. Nanal, R.G. Pillay, R. Raabe, C. Schmitt,
Phys. Rev. Lett. 103, 232701 (2009).
Exploring Fusion at Extreme Sub-Barrier Energies with Weakly Bound Nuclei,
A. Shrivastava, A. Navin, A. Lemasson, K. Ramachandran, V. Nanal, M. Rejmund, K. Hagino, T.
Ichikawa, S. Bhattacharyya, A. Chatterjee, S. Kailas, K. Mahata, V.V. Parkar, R.G. Pillay, P.C. Rout,
Phys. Rev. Lett. 103, 232702 (2009).

Personnel Trained (number and significant placements)
Postdoctoral associates: 6, PhD students: 4, Junior Research Fellows: 2, Other students: 4
Name
Dr. Vivek Singh,
Ms. Neha Dokania,
Mr. Chandan Ghosh
Dr. Balaram Dey
Dr. Sanjoy Pal
Dr. Yogesh Sawant
Dr. Yashwant G.
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Position at TIFR
Ph.D. student (2008-14)
Ph.D. student (2009-15)
Ph.D Student (2012-17)
Post-doc (2015-17)
Post-doc (2012-13)
Post-doc (2006-2007)
Post-doc (2008-2010)

Current position
Visiting fellow at Univ. of California, Berkeley
Visiting fellow at SUNY, StonyBrook
Visiting fellow at SUNY, StonyBrook
National PDF at SINP, Kolkata
Scientific Officer, PLF, TIFR
Scientific Officer, BARC
Working in industry

History of the Department
Research activities in Nuclear Physics started at the Institute in early fifties with the formation of
Nuclear Spectroscopy and Nuclear Reaction Groups. These groups were later on merged in the
nineties to form the Department of Nuclear and Atomic Physics. As a focal centre of the nuclear
physics research activity in the country, the Department has contributed significantly to the overall
thrust of the Department of Atomic Energy (DAE) in the Atomic Energy Programme. In its early days,
the Department was the kernel in providing manpower training and leadership apart from contributing
to basic physics. Two of the past chairmen of the Atomic Energy Commission, Prof. Raja Ramanna and
Prof. P. K. Iyengar started their careers in this department.
Right from the days of inception this department has excelled in cutting edge research performed with
indigenous sophisticated instruments. The thrust on instrument building has been particularly
important in the context of India as a developing country. The first Mössbauer spectrometer in the
country was built in the Department. The development of low temperature techniques, which gave
birth to the field of nuclear thermometry was first undertaken in this department. The diversification
of the department into Atomic Physics in the last 40 years has made it the foremost centre in Atomic
Molecular and Optical science in the country.
Using neutron beams from 1 MV Cockcroft-Walton accelerator in the 1950s, the radio isotopes
(imported as well as locally made at the Bhabha Atomic Research Centre), light ion beams (p/α) from
the 5.5 MV van de Graff generator at BARC in the 1960s, the department had played a vital role as a
part of the then flourishing international nuclear and condensed matter physics community and
provided national leadership. From the viewpoint of nuclear energy and reactors, the study of the
diffusion and slowing down of neutrons in various media involving different configurations was of
paramount importance. The Cockcroft-Walton generator was extensively employed to pursue the
studies of the thermalization properties of moderating media and different lattice assemblies of
interest in the atomic energy programmes, nuclear reaction studies as well as radiation damage
studies in biological and other specimens. The Siegbahn-Slatis spectrometer, originally an
intermediate image beta-ray spectrometer, was modified to a beta-gamma coincidence spectrometer
by constructing a new pole-piece and was converted into a powerful tool for nuclear spectroscopy
studies. During the decade 1961-70, the detailed investigation of properties of nuclear levels like
energies, spins and parities, magnetic moments of excited nuclear states, beta-gamma transition
matrix elements, internal conversion coefficients was carried out. The experiments using then newly
available semiconductor detectors revealed the evidence for the deformed nuclei even in low mass
region ~70. In early 80s, a novel experiment to search for 17.1 keV neutrino in the beta decay of 35S
was carried out. This was motivated by a report that antineutrinos emitted in tritium beta decay
consisted of admixture of two mass eigen states mν1 < 50 eV and mν2 < 17.1 KeV. The results failed
to confirm the presence of heavy neutrino admixture and placed and upper limit of 0.6 %.
The Department evolved and reinvented itself during the later decades, depending on the national
constraints, while maintaining its undisputed leadership position in the country and competitive
position with respect to the rest of the world. In the 1970s, a 400 keV ion accelerator was built inhouse and the Department shifted part of the activities towards the interdisciplinary areas like ion
beam modification of materials and channelling studies, photoelectron spectroscopy, the study of
magnetic and quadrupolar interactions using Mössbauer spectroscopy and the perturbed angular
correlation techniques. Several contemporary issues in condensed matter like magnetic behaviour in
rare earth intermetallics, transition metal alloys, phase transitions in cholestic liquid crystals, study of
ionic solids etc. were investigated.
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The Nuclear Physics activities made a quantum jump with the commissioning of the 14 MV Pelletron
accelerator, set up as a collaborative effort between TIFR and BARC in 1988. This was the first heavy
ion accelerator in the country and continues to be a major center for research. Several major
experimental facilities have been established to pursue research in nuclear, atomic, condensed matter
and bioenvironmental physics. The main thrust of nuclear physics research covers areas of nuclear
structure studies at high temperature (excitation energy) and angular momentum as well as nuclear
reaction dynamics. The rapidly rotating nuclei produced in heavy ion reactions are the fastest known
quantum rotors and offer a unique opportunity to study the interplay of many quantum mechanical
aspects. In-beam discrete gamma ray spectroscopy and the study of GDR- high energy gamma rays
emitted by the excited compound nucleus in the early decay stages to probe various nuclear structure
aspects were initiated and continue to be part of the present day activity. Study of fusion process at
energies close to Coulomb barrier of projectile and target nuclei have been a subject of great interest.
Experiments performed here have not only shown the effect of the internal properties of the
interacting nuclei on the fusion process but also have suggested a new method to obtain the angular
momentum of the fused nuclei and its connection with the fusion excitation. The time evolution of
nuclear reactions was probed through measurement of ultra-short compound nuclear lifetimes (<1017s) using crystal blocking technique.
Several new research programmes like effect of structure on fusion process involving weakly bound
nuclei (both with RIB and stable nuclei like 7Li), few body nuclear physics, feasibility study of an
underground neutrinoless double beta decay in 124Sn using a bolometric detector have been initiated.
Recently, the department has also started a theoretical programme dealing with various phases of
dense nuclear matter, which is one of the challenging research goals of modern nuclear physics. In the
field of hyperfine interactions, investigation of solid state phenomena at short length and time scales
via hyperfine techniques with the application of heavy-ion accelerator and radioactive nuclei, has been
rigorously pursued in the department. The electric and magnetic hyperfine fields of ‚probe‛ nuclei
inside solids provide microscopic details regarding materials properties, which cannot be obtained by
other techniques.
These research activities necessarily involved large scale instrumentation. For example, detector
setups like an array of HpGe detectors, two large efficiency arrays of NaI(TI) detectors position
sensitive gas detectors were developed. Many high performance electronic modules have been
designed and built for specific needs as well as a cost-effective alternative for commercially available
units. The momentum achromat is being developed for production of light RIBs with LINAC beams.
A superconducting linear accelerator (LINAC) has been indigenously developed to boost energy of
heavy ions emerging from the Pelletron and has become operational since 2007. The experiments
with LINAC beams will enable the studies at high temperature and spin for heavier nuclei.
Development of the superconducting LINAC is a major milestone in the accelerator technology in our
country. All critical components of LINAC booster like e-beam welded resonator cavities, RF control
electronics, cryogenic distribution, beam transport etc. have been designed, developed and fabricated
indigenously.
The Atomic Physics activity started in the department in the late 1970s with the X-ray spectroscopy
for studying inner shell ionization of atoms using the van de Graaff accelerator as well as the modified
version of the neutron generator. The 400 kV accelerator was also used to investigate the ion-solid
collisions and spectroscopic study of ions. The low energy electron spectrometers were developed for
various atomic collision experiments. The atomic physics activity was enlarged in the 1980s by switch
over of some of the nuclear physicists to atomic physics as well as fresh recruitments of experts in the
area of atomic collision physics into the department. A variety of physics problems like electron
scattering, low energy ion-atom/molecule collisions, afterglow studies, beam foil spectroscopy etc.
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were investigated. Resonant scattering of electrons at the K-shell edge of C and N, giant resonances in
Iodine, threshold measurements and partial cross sections in electron impact ionization of atoms and
molecules were some of the notable achievements in the early electron collision studies. The
successful development of a Nitrogen laser and high ion translational energy spectrometer were
some of the technical achievements of the mid-1980s. The ion translational energy spectrometry
which accurately measures molecular ion potential energy states by the way of accurate
measurement of fragment ion kinetic energies, brought to light several unique features of dicationic
molecular species, which were attracting increasing level of attention worldwide. The experimental
observation of several of these unique metastable molecular species was complemented by quantum
chemical calculations carried out in the Department in collaboration with the department of Chemical
Sciences. These studies got a further boost with the development of a new ion translational energy
spectrometer with very high resolution in the 1990s using two cylindrical sector energy analyzers. The
inelastic ion scattering studies using this spectrometer revealed a hitherto unknown propensity rule in
the transfer of kinetic energy to the internal energy of the collision partners depending on the spatial
distribution of the electron densities and the electron momentum distributions in the colliding
partners.
The early part of the 1990s also saw diversification of the atomic physics programme in the
Department. Novel electron collision experiments in combination with conceptually new time-of-flight
mass spectrometric techniques provided unmatched accuracies in the measurement of absolute cross
sections for the formation of specific positive and negative ions from molecules. A flowing afterglow
experiment was built to study low energy atom-radical collisions and positive ion – negative ion
mutual neutralization reactions. The products arising from the reactions were diagnosed using
fluorescence spectroscopy to study several reactions between atomic nitrogen and various fluoride
radicals as well as the reactions between positive and negative ions. A variety of atomic and molecular
physics experiments were conducted using the Pelletron accelerator starting with production of nearthermal highly charged ions by colliding the fast ion projectiles with gaseous targets of free atoms and
molecules. These experiments lead to the study of the formation of highly charged positive molecular
ions and their fragmentation pattern and dynamics. In a related study, the influence of electronelectron interaction resulting in the simultaneous removal or excitation of both the electrons from He
and molecular hydrogen targets were investigated in a series of experiments using fast projectiles
starting from electrons, protons to various bare nuclei and a systematic relationship of this process on
the velocity and charge of the projectiles was derived. Another thrust area in the atomic physics was
the study of the highly excited levels of ions and their radiative lifetimes using the beam foil
spectroscopy. The excited states ranging from single ionized to very highly charged states and the
levels of importance to astrophysics were studied using the beams from the 400 kV as well as the
Pelletron accelerator.
Another aspect of atomic physics that was initiated using beams from the Pelletron accelerator was
ion-solid interactions. The channelling of swift highly charged ions through a single crystal was studied
using X-ray spectroscopy to understand the radiative electron capture (REC) by the projectiles in their
inner shells. The efforts to probe the formation of extremely high and transient magnetic field
produced during ion-solid collisions, led to the study of the dynamics of the creation and filling of inner
shell vacancies. The department continues the investigation of the collision processes with increasing
levels of sophistication using X-ray spectroscopy, electron spectroscopy and ion time-of-flight
spectroscopy. The observation of solid - like wake effects in ion collisions on individual C60 molecules
and interference effect due to the two protons in the hydrogen molecule on the ejected electrons are
some of the recent highlights. These studies are being supplemented by the addition of a highly
charged ion source to the existing 400 kV accelerator.
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The Department initiated several laser based activities in the 1990s for studying atomic and
molecular processes. One of these involve the use of lasers to prepare the molecules in known excited
states and carry out electron collisions on these excited molecules. These experiments, the results
from which have applications in various plasma processes, are aimed at understanding short-lived
negative ions states of molecules and the dynamics of their decay as a function of the initial state of
the molecule and the incident electron energy. New instrumentation and measurement techniques
involving both hardware and software have been created in house for these experiments and have
resulted in several new results in the form of absolute cross sections form excited molecules, details
of the negative ion states of molecules and their decay, orientation dependent electron capture by the
molecules and control of molecular dissociation.
In the early nineties, it was thought that a better way of deciphering molecular potential energy states
could be done by the use of lasers. Obvious lack of lasers that cater to wavelengths in the VUV range
required for the electronic excitation of molecular ions made intense laser beams as a mandatory
choice. This simple expedition brought a major transformation of the group and the addition of rich
fringe benefits in the form of nonlinear non-pertubative physics has made a radical change. This
activity started in early nineties with acquisition of a picoseconds laser that delivered 35 ps pulses with
a focused intensity of up to 1014 Wcm-2. Translational energy spectrometers were dismantled and the
time-fight spectrometers, quadrupole mass spectrometers took their place for the study of
multiphoton ionization and fragmentation of molecules. A large variety of non-linear optical studies in
condensed media that included optical limiting, two photon absorption etc. was also started
simultaneously. Some of the first explorations into the alignment of molecules and formation of the
pendular states constituted the initial phase of this work. Over the years the area has grown with
setting up of large femtosecond laser facilities and expanding into different area of nonlinear optics,
atomic & molecular physics, cluster physics, plasma physics etc.
As mentioned earlier, TIFR has played a unique role in experimental sciences in the country by
indigenous development of modern instrumentation. The Department has been a major contributor in
this respect. The strong desire to take up challenging problems and the fierce determination to excel,
has been responsible for continuing this legacy of building the state of the art instruments for
research programmes.
The Department has been playing the lead role in Nuclear Physics in the country right from the days of
its inception. Though limited in manpower, it still continues this tradition both in terms of physics and
associated instrumentation. This is manifested in the building of the LINAC booster as well as the
leadership role in the Indian National Gamma Array (INGA), participation in collaborations at
international facilities for research with radioactive ion beams, initiation of new activities like search for
neutrino-less double beta decay and the research output from the department faculty. The Atomic
Molecular and Optical Science activity though relatively new to the Institute, has grown and
contributed exceptionally fast. Starting with electron−ion collisions, it now covers a fairly broad
spectrum. Unlike Nuclear Physics, Condensed Matter Physics and Astronomy which have been
relatively wide spread, the AMO activity in the country has been far too small. And this is despite the
fact that optical spectroscopy had a very good tradition in the country. Other than TIFR, there are only
a few labs in the country with a reasonable expertise in atomic collision physics, which are also mostly
led by former students and postdoctoral fellows of the department. Recent times have seen some
very outstanding publications from the Department, highlighting its role as a leading centre in Nuclear
Physics and AMO Science in the world.
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