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From the Director

)OO o

Higher education in India is going through unprecedented
expansion. In spite of impressive growth in the recent years, Gross
Enrolment Ratio (GER) for the age group 18-23 is only 19%'. The
ongoing 12" Five Year Plan envisages a quantum jump in the

GER’. There is a concern about the fact that universities in India do

not find a place amongst the top global universities. To address all

issues related to higher education, the Government has launched

‘Rashtriva Uchchtar Shiksha Abhivan’ (RUSA)’, a campaign for

higher education. To improve quality of higher education, among other aspects, the RUSA
recognizes the importance of research and research universities. It says, “Research universities
stand at the centre of the 21" century global knowledge economy and serve as flagships for
higher education worldwide.” Philip G. Altbach defines research universities as “academic
institutions committed to the creation and dissemination of knowledge, in a range of disciplines
and fields, and featuring the appropriate laboratories, libraries, and other infrastructures that
permit teaching and research at the highest possible level.” While a vast majority of post-
secondary institutions focuses on under-graduate education, the focus in a research university is

research and research based degrees.

Simultaneous with its expansion, higher education is coming closer to work places. This is
influencing both: the way higher education is designed in terms of curriculum and topics of
research, and the way work places go about their work. Constraints imposed by rising costs of
inputs due to depleting resources and concerns about sustainability of resources and
environment are propelling industries to work closely with researchers from universities. The
academics in the universities are looking up to industry for funding research and are tailoring

their research to meet industry requirements.

! Report on All India Survey on Higher Education (2010-11), released in 2013.

2 University Grants Commission, “Inclusive and Qualitative Expansion of Higher Education: 12" Five Year Plan,
2012-17.

3 http://www.mhrd.gov.in/sites/upload_files/mhrd/files/RUSA_final090913.pdff

4 Philip G Altbach, “Advancing the national and global knowledge economy: the role of research universities in
developing countries”, Studies in Higher Education, 2013, Vol 38, No 3, 316-330.



Several academic programmes in universities and institutes have been designed to tailor to the

requirements of work places.

Focusing on research, one notes that the national research framework in India has a particular
structure. A major fraction of the research funded by the Central Government is conducted in the
national laboratories and a majority of them belong to the Department of Atomic Energy (DAE),
the Department of Space (DOS), the Defense Research and Development Organization (DRDO)
and the Council of Scientific and Industrial Research (CSIR). Realizing the importance of
university functions and also the importance of efficiently discharging those function, all these
agencies have to some extent internalized such functions. The DAE has two deemed universities
under its fold viz., Tata Institute of Fundamental Research (TIFR) accredited in May 2002 and
Homi Bhabha National Institute (HBNI) accredited in June 2005. The DOS has the Indian
Institute of Space Science and Technology (IISST) set up in 2007 and accredited as a deemed to
be university in July 2008. The DRDO has Defense Institute of Armament Technology, DIAT
Which was accredited as a deemed to be university in September 1999, and the CSIR has set up the
Academy for Scientific and Innovative Research AcSIR under an Act of Parliament notified in.
2012 Apart from (IISST) and DIAT, focus in other universities viz., HBNI, TIFR and AcSIR is on
post-graduate education and research. This development brings in a new concept of a

research university.

Speaking about HBNI, it is a research university. Its faculty, which is based in its Constituent
Institutions, is primarily engaged in research. It is rigorously meritocratic in hiring and
promotion of faculty, admissions and progression of students and in everything it does. Since its
constituent institutions had been engaged in research prior to its setting up, it has been able to

hit the ground running.

This annual report gives a brief account of the activities during 2013-14 and also tells all about
the Institute at a glance. Its output of doctoral theses and other post-graduate degrees is indeed

impressive and continues to steadily grow.



Introduction

The HBNI has the following as its Constituent Institutions (Cls).

. Bhabha Atomic Research Centre (BARC), Mumbai

. Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam

. Raja Ramanna Centre for Advanced Technology (RRCAT), Indore
. Variable Energy Cyclotron Centre (VECC), Kolkata

. Saha Institute of Nuclear Physics (SINP), Kolkata

. Institute for Plasma Research (IPR), Gandhinagar

. Institute of Physics (IOP), Bhubaneswar

. Harish-Chandra Research Institute (HRI), Allahabad
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. Institute of Mathematical Sciences (IMSc), Chennai, and
10. Tata Memorial Centre (TMC), Mumbai.

The role of HBNI is to nurture in-depth capabilities in nuclear science and engineering and to serve as a
catalyst to accelerate the pace of basic research and facilitate its translation into technology
development and applications through academic programmes, viz., Master’s and Ph.D. degrees in
Engineering, Physical, Chemical, Mathematical, Life and Health Sciences while encouraging inter-
disciplinary research. Additionally, a Strategic Studies programme has also been identified to ensure
availability of adequate qualified human resources to address issues pertaining to nuclear law,

economics of nuclear power, nuclear security, nuclear proliferation, intellectual property rights etc.

In 2006, the Government of India decided to strengthen science education and set up institutions for
science education and research in various parts of the country. One such institution, the National
Institute for Science Education and Research (NISER) was setup at Bhubaneswar by the Department of
Atomic Energy (DAE) as a project of the Institute of Physics. Academic programmes of this institute were
started as a part of IOP and thereby under HBNI. Steps are being taken to make NISER an independent CI
of HBNI.

Academic programmes of the Institute

The HBNI offers a range of academic programmes in chemical sciences, engineering sciences, health
sciences, life sciences, mathematical sciences and physical sciences. It also has a programme in strategic
studies. Except for NISER, all other institutions conduct programmes at post-graduate level. Various

programmes offered are the following.

Ph.D. in varied disciplines is offered at all Cls. HRI and IMSc also offer an integrated Ph.D. programme

where students study for M.Sc. as well as Ph.D.



M.Tech. in engineering sciences and M.Phil. in physical sciences, chemical sciences and life sciences.
These programmes consist of one year of course work and one year of project work. The course work is
offered at all campuses of BARC Training School and project work is offered at BARC, IGCAR, RRCAT
VECC and some other units of DAE. Those who are not interested in project work get a diploma in lieu of
a M.Tech. or a M.Phil.

M.Sc. (Engg) in which research content is more than that in a M.Tech. programme. The duration of the
project work under this programme is one and half year, while the duration of the course work is up to
one year. This programme is offered at BARC, IGCAR, VECC and RRCAT and has been tailored for the

employees of the Department.
Integrated M.Sc. of five-year duration at NISER.

Super Specialty Courses at TMC

e D.M. (Medical Oncology)

e M. Ch. (Surgical Oncology)

e M. Ch. (Gynaecological Oncology)
Post Graduate Courses at TMC

e M.D. (Pathology)

e M.D. (Anaesthesiology)

e M.D. (Radio-diagnosis),

e M.D. (Radiotherapy),

e M.D. (Microbiology), and

e M.D. (Immuno Haematology & Blood Transfusion)

DRM: Diploma in Radiation Medicine at BARC.

M.Sc. (Nursing) at TMC.

Dip.R.P.: Diploma in Radiological Physics at BARC.

DMRIT: Diploma in Medical Radio Isotope Techniques at BARC.

The Institute offers a unique Ph.D. programme where students are encouraged to work at the interface

of basic research and technology development. Under this programme, they work under the guidance of
two supervisors, one having strength in basic research and the other in technology development.

Around 1500 students are pursuing Ph.D. in various disciplines.

All the Constituent Institutions have excellent library facilities having a large collection of books and
subscribe to a large number of research journals. All journals are available to researchers on their
desktops.



Faculty

Faculty strength in all Cls put together is about 999. Cls, particularly research & development centres,
have a large number of scientific officers and they provide valuable inputs to research scholars as
Technology Advisers.

prestigious academies, and winners of national and international awards. List of Fellows who are faculty

of HBNI are given in the following Tables.

Amongst faculty and scientific officers, there are many who are fellows of

1. Fellows of Indian National Academy of Engineering, New Delhi
. Name Year of birth | Year of CI

No. election
1. | Anil Kakodkar* 1943 1991 BARC
2. | Srikumar Banerjee* 1946 1993 BARC
3. | R.B. Grover* 1949 1999 Director HBNI
4. | R.K. Sinha 1951 1999 Chairman, CoM
5. | H.S. Kushwaha** 1946 2000 BARC
6. | P. Chellapandi 1956 2001 IGCAR
7. | S.C. Chetal** 1949 2001 IGCAR
8. | T.K. Bera 1954 2002 BARC
9. | BK Dutta 1953 2004 BARC
10.| V.K. Mehra** 1948 2004 BARC
11.| Sekhar Basu 1952 2005 BARC
12.| L.M. Gantayet 1950 2005 BARC
13.| T. Jayakumar 1955 2005 IGCAR
14.| B.B.Biswas** 1948 2006 BARC
15.| Manjit Singh 1950 2006 BARC
16.| S. Venugopal 1955 2006 IGCAR
17.| A.K.Bhaduri 1959 2007 IGCAR
18.| G K Dey 1957 2008 BARC
19.| K. Velusamy 1959 2008 IGCAR
20.| R.R.S. Yadav 1952 2008 BARC
21.| U. Kamachi Mudali 1960 2009 IGCAR
22.| P.K. Wattal 1951 2010 BARC
23.| K.K. Jayarajan 1962 2011 BARC
24.| R. Natarajan 1953 2011 IGCAR
25.| K.K. Vaze 1950 2011 BARC
26.| R.K. Singh 1953 2012 BARC
27.| A.K. Sinha 1956 2012 BARC
28.| S. Chaturvedi 1962 2013 BARC
29.| C.K. Pithawa 1951 2013 BARC
30.| S.B. Roy 1956 2013 BARC

* Homi Bhabha Chair
** Raja Ramanna Fellow (RRF)




2.

Fellows of the Indian National Science Academy, New Delhi

Name Year of Birth | Year of CI
Election

1. | P.K. Kaw*** 1948 1984 IPR
2. | R. Balasubramanian 1951 1988 IMSc
3. | Bikash Sinha* 1945 1989 VECC
4. | Srikumar Banerjee* 1946 1992 BARC
5. | Probir Roy** 1942 1992 SINP
6. | J.B.Joshi* 1949 1995 HBNI
7. | J. Maharana** 1945 1995 IoP
8. | Ashoke Sen 1956 1996 HRI
9. | Romesh Kaul 1952 1998 IMSc
10. | S.K. Apte 1952 1999 BARC
11. | Swapan K. Ghosh 1949 1999 BARC
12. | M.K. Sanyal 1954 2001 SINP
13. | A.M. Jayannavar 1956 2002 IoP
14. | B.K. Chakrabarty 1952 2003 SINP
15. | V.S. Sunder 1952 2004 IMSc
16. | Sunanda Banerjee 1952 2005 SINP
17. | Abhijit Sen**** 1946 2006 IPR
18. | S.M. Bhattacharjee 1957 2008 IoP
19. | V. Chandrashekar 1958 2008 IOP(NISER)
20. | Y.P. Viyogi** 1948 2009 VECC
21. | R. Gopakumar 1967 2010 HRI
22. | M.V. Hosur 1950 2010 BARC
23. | Parthasarathi Mitra 1951 2012 SINP
24. | Gautam Bhattacharyya | 1966 2013 SINP
25. | S.L. Chaplot 1955 2013 BARC
26. | S. Kailas 1949 2013 BARC
27. | C.S. Sundar 1952 2013 IGCAR
28. | D. K. Palit 1957 2014 BARC
29. | Anjan Kundu 1953 2014 SINP

*Homi Bhabha Chair, **RRF, ***DST Professor, ****S. Chandrasekhar Chair




Fellows of the Indian Academy of Sciences, Bangalore

Name Year of Birth | Year of CIl
Election

1. | P.K. Kaw*** 1948 1974 IPR
2. | R. Balasubramanian, 1951 1987 IMSc
3. | Probir Roy** 1942 1989 SINP
4. | Srikumar Banerjee* 1946 1990 BARC
5. | Swapan K. Ghosh 1949 1991 BARC
6. | J.B. Joshi* 1949 1991 HBNI
7. | Ashoke Sen 1956 1991 HRI
8. | V.S. Sunder 1052 1992 IMSc
9. | J.K. Bhattacharjee 1952 1993 HRI
10.| Romesh K Kaul 1952 1993 IMSc
11.| J. Maharana** 1945 1994 IoP
12.| S. Kailas 1949 1995 BARC
13.| Abhijit Sen**** 1946 1995 IPR
14.| A.M. Jayannavar 1956 1996 IoP
15.| B.K. Chakraborty 1952 1997 SINP
16.| Anil Kakodkar* 1943 1998 BARC
17.| C.S. Sundar 1952 1999 IGCAR
18.| S.M. Bhattacharjee 1957 2000 IoP
19.| M.K. Sanyal 1954 2001 SINP
20.| Sunanda Banerjee 1952 2002 SINP
21.| V. Chandrashekar 1958 2003 IOP(NISER)
22.| R. Gopakumar 1967 2007 HRI
23.| P.K.Gupta 1954 2007 RRCAT
24.| D.K. Palit 1957 2007 BARC
25.| P. Sankaran 1959 2007 IMSc
26.| S.K. Apte 1952 2008 BARC
27.] G.K. Dey 1957 2008 BARC
28.| S. Kesavan 1952 2008 IMSc
29.| S.M. Sharma 1952 2008 BARC
30.| D.S. Nagaraj 1958 2010 IMSc
31.| Amita Das 1965 2011 IPR
32.| V. Ravindran 1965 2012 HRI
33.| H.N. Ghosh 1966 2013 BARC
34.| T.K. Nayak 1958 2013 VECC
35.| Arun K. Pati 1966 2013 HRI
36.| AK. Tyagi 1964 2013 BARC

*Homi Bhabha Chair, **RRF, ***DST Professor, ****S. Chandrasekhar Chair



Fellows of the National Academy of Sciences, India, Allahabad

Name Year of Birth | Year of CI
Election

1. | P.K. Kaw*** 1948 1989 IPR
2. | R. Balasubramanian 1951 1992 IMSc
3. | S.F. D’Souza 1949 1993 BARC
4. | S.K. Apte 1952 1995 BARC
5. | V.K. Jain 1956 1995 BARC
6. | Abhijit Sen**** 1946 1995 IPR
7. | J.K. Bhattacharjee 1952 1997 HRI
8. | S. Kesavan 1952 1997 IMSc
9. | Ashoke Sen 1956 1997 HRI
10.| V.S. Sunder 1952 1997 IMSc
11.| Swapan K. Ghosh 1949 2001 BARC
12.| Parthasarathi Mitra 1951 2001 SINP
13.| Sumathi Rao 1956 2001 HRI
14.| Probir Roy** 1942 2001 SINP
15.| M.K. Sanyal 1954 2001 SINP
16.| Srikumar Banerjee* 1946 2002 BARC
17.| Anil Kakodkar 1943 2002 BARC
18.| V.C. Sahni* 1945 2002 BARC
19.| K. B. Sainis 1949 2002 BARC
20.| C.S. Sundar 1952 2002 IGCAR
21.| S. Chattopadhyay 1957 2003 BARC
22.| A.M. Jayannavar 1956 2003 IoP
23.| M. Krishna 1956 2003 IMSc
24.| K. 1. Priyadarsini 1959 2003 BARC
25.| P.K. Gupta 1954 2003 RRCAT
26.| P.D.Gupta 1952 2004 RRCAT
27.| H. Pal 1959 2004 BARC
28.] AK. Tyagi 1964 2004 BARC
29.| S.M. Sharma 1952 2005 BARC
30.| B. Mukhopadhyaya 1966 2006 HRI
31.| D.K. Palit 1957 2006 BARC
32.| P. Sankaran 1959 2006 IMSc
33.| S.D. Adhikari 1957 2007 HRI
34.| S.L. Chaplot 1955 2007 BARC
35.] V.P. Viyogi** 1948 2007 VECC
36.| V. Chandrashekar 1958 2007 IOP(NISER)
37.| H.N. Ghosh 1966 2008 BARC
38.| R.K. Vatsa 1963 2009 BARC
39.| V. Kodiyalam 1966 2010 IMSc
40.| S. Panda 1959 2010 HRI/IoP
41.| A.C. Bhasikuttan 1967 2011 BARC




42.| P.S. Chakraborty 1973 2012 IMSc
43.| Dilip K. Maity 1964 2012 BARC
44.| D. K. Srivasatava 1952 2012 VECC
45.| Arun K. Pati 1966 2013 HRI

46.| B. Ramakrishnan 1961 2013 HRI

47.| P. D. Naik 1959 2013 BARC
48.| Gautam Bhattacharyya 1966 2013 SINP

*Homi Bhabha Chair, **RRF, ***DST Professor, ****S. Chandrasekhar Chair

5. Fellow of National Academy of Agricultural Sciences
Name Year of Birth | Year of Election | CI
1. | SK Apte 1952 1998 BARC

6. Fellows of the Third World Academy of Sciences, Trieste, Italy

Name Year of Birth | Year of CI
Election

1. | Ashoke Sen 1956 2004 HRI
2. | Srikumar Banerjee* 1946 2007 BARC
3. | G. Baskaran** 1948 2008 IMSc
4. | J.B. Joshi* 1949 2008 HBNI
5. | V. Chandrashekar 1958 2008 IoP(NISER)
6. | Swapan K. Ghosh 1949 2010 BARC

*Homi Bhabha Chair, **RRF

7. Fellow of World Academy of Art and Science

Name Year of Birth | Year of Election | CI

1. R.B. Grover* 1949 2013 Director HBNI

*Homi Bhabha Chair



8.

Recipient of National Civilian Awards

Name Year of Birth | Year of CI
Award
Padma Vibhushan
1. | Anil Kakodkar* | 1943 | 2009 | BARC
Padma Bhushan

2. | Anil Kakodkar 1943 1999 BARC
3. | Ashoke Sen 1956 2013 HRI

4. | J B Joshi 1949 2014 HBNI

Padma Shri

5. | P K Kaw** 1948 1985 IPR

6. | Anil Kakodkar 1943 1998 BARC
7. | Ashoke Sen 1956 2001 HRI

8. | Srikumar. Banerjee* 1946 2005 BARC
9. | R. Balasubramanian 1951 2006 IMSc
10.| R. A. Badwe 1956 2013 TMC
11.| S P Kale 1954 2013 BARC
12.| R. B. Grover* 1949 2014 HBNI
13.| Sekhar Basu 1952 2014 BARC

*Homi Bhabha Chair, ** DST Professor
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News from Constituent Institutions (in brief, details available at
respective websites).

Academic Report 2013-14

0000

Bhabha Atomic Research Centre (www.barc.gov.in)

Interation of radiation with matter: Effect of both high energy radiation (electron beam and
gamma-radiation as well as lower energy photons (X-ray — UV-Visible-IR-THz) on molecules and
materials is investigated with an aim to a) understand the processes responsible for radiation
damage and remedy, prescription of synthesis and usage of new and better materials,
b) exploring the possibilities of use of radiation in agriculture, biology and medicine,
c) to understand the light or laser induced molecular processes related to the laser
isotope enrichment processes,

d) harvest solar energy, and
e) search for advanced photonic
and biological materials in the
form of supramolecules and
nanoaggregates.

Fundamental studies of radiation
chemistry of water under nuclear
reactor conditions, antioxidants
and radio protectors, radiation
polymerization, development of

polymer-extractantcomposites
for extraction of radionuclides & toxic metals are also taken up. Radiation stability of
extractants and polymericcomposite materials, utilization of radiation and photochemical
processes for hydrogen generation, treatment of selected waste from nuclear & other
industries, dielectric barrier discharge chemistryand free radical chemistry at surface and
interface.Pulse Radiolysis is being used routinely for studying the kinetics of high energy
electron beam (low LET radiation) induced chemical reactions in aqueous solutions, organic
liquids, solids and polymeric systems. Development of a new pulse radiolysis system based on
indigenously developed laser driven picosecond electron accelerator, has been taken up to
improve the time resolution from nano to picosecond.

Chemical reaction dynamics: In the field of Dynamics and Kinetics of chemical reactions in the
gas phase BARC is engaged in investigations of photo-dissociation dynamics of polyatomic
molecules Using LIF and REMPI techniques, kinetics of atmospherically important reactions,
photochemistry at surfaces and interfaces using sumfFrequency generation (SFG) technique. In
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solution phase, interfacial electron transfer dynamics relevant to solar energy conversion,
excited state relaxation dynamics ofintra and intermolecular charge transfer, proton transfer
and conformational relaxation dynamics , solvation and rotational dynamics, Inter and Intra-
molecular hydrogen bond dynamics and coherent control of chemical reactions are being
investigated using indigenously developed fast and ultrafast spectroscopic techniques.

Studies on diffusion of hydrogen and deuterium in Zr-2.5% Nb alloy: For life time management
of operating coolant channels, hydrogen/
deuterium is being determined at regular
time intervals for the last two decades
employing hot vacuum extraction cum
quadrupole mass spectrometer (HVE-QMS).
With a view to understand the trend of H/D
concentrations in the sliver samples, diffusion
studies of hydrogen and deuterium in Zr-

2.5% Nb alloy were carried out at different

temperatures. The activation energy of

[ - £ ez
Photograph of the HVE-QMS system, at RACD, BARC deuterium diffusion in Zr-2.5% Nb was found
to be higher than that of hydrogen.

Determination of boron in thick samples by PIGE: A method has been standardized to
determine boron content in borated
paraffin wax samples non-destructively.
The method employs proton induced
gamma ray emission (PIGE) using proton
beam from Folded tandem lon
Accelerator (FOTIA) and Trombay. Owing
to the large thickness of the samples, the
proton beam is stopped in the samples
and hence the beam current cannot be
measured. This makes the quantification
difficult unless a suitable monitor is used.

7 : e WA /
Photograph of the PIGE system at FOTIA, BARC

ot

In the present work the sample was
wrapped with a thin (2 mg/cm?)
aluminium foil and the gamma rays emitted from the *’Al(p,p’y)*’Al reaction were used to
normalize the beam current.
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Life Sciences activities : BARC has a vibrant program of basic and applied research in life
sciences encompassing a wide spectrum of studies. The flagship programs of the institute
include, (a) use of radiations and radioisotopes in contemporary thrust areas of research, of
excellence and relevance to the DAE programs and of national interest (b) long-term studies on
effects of high background natural radiations on human populations living in coastal areas of
Kerala (c) radiation-induced mutagenesis for crop improvement (c) use of radiations and other
technologies for disinfestation, hygienisation and preservation of food, improvement of
nutritional quality and extension of shelf life, to enhance food security (d) development of
radiopharmaceuticals and equipments for diagnosis and therapy of a variety of human diseases,
and (e) development of appropriate technologies to strengthen the aforesaid programs and for
application in environmental clean-up.

Biology of stress and adaptive responses of microbes and plants is one of the strong points of
basic and applied research at BARC. Genomic, proteomic and bioinformatic approaches have
been used to discover new genes, their functions and regulation, and to assess their role in the
extreme radiation resistance of Deiniococcus radiodurans and radiation and agricultural stress
tolerance of nitrogen-fixing cyanobacteria such as Anabaena strains. Recombinant DNA
technology has been very effectively used to genetically engineer microbes for eco-friendly
biotechnological applications as nitrogen biofertilisers in stressful environments, as biosensors
of agronomically important pesticides or as biopesticides. Novel organisms have been
discovered with unique abilities to sequester uranium from 3 ppb concentrations found in
seawater or to degrade and utilize the major nuclear solvent tributyl phosphate (TBP).
Radioresistant recombinant strains of Deinococcus have been constructed to bioprecipitate
uranium over a wide range of concentrations and pH from high radiation environments.

Effects of high background natural radiation that prevalils in monazite sands of Kerala are under
investigation for last 4 decades in BARC. A survey of 1.5 lakh newborns has been carried out in
recent years to reveal no significant effects attributable to radiation on congenital
malformations, cytogenetic defects, Down’s syndrome, DNA damage and repair, mutation rate
etc. In parallel, radiation effects are being investigated in cell lines and animal models to assess
bystander effects, damage caused by metals like uranium/thorium and methods of their
decorporation from tissues, and molecular markers of carcinogenesis and metastasis. Heavy ion
irradiation and alpha particle irradiation effects are also under investigation. Attempts are also
on to develop natural products as immunomodulators and radioprotectors and as effective
regulators of signal transduction pathways to alleviate/enhance radiotoxicity to normal/tumor
cells respectively.

Radiation-induced mutagenesis for crop improvement is one of the very successful programs in
Life Sciences at BARC. To date 42 new improved varieties of different crops have been
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developed by BARC and released by ICAR and State Agricultural Universities for cultivation in
various states of India. While oilseed varieties, such as groundnut, mustard, soybean, and
pulses, such as mungbean, urdbean and pigeonpea, are the more successful programs, varieties
have also been developed in crops such as rice, jute, sunflower and cowpea. Gamma irradiation
and electron beam based food irradiation programs have been designed by BARC for a variety
of purposes, such as sprouting inhibition in onions and potatoes, disinfestations of grains and
resins, shelf-life extension of several ready-to- cook and ready-to-eat items including meat
products, and decontamination of spices, Applications have been developed for quarantine
purpose for export of mangoes or foods for disaster management or for immune-compromised
patients etc. BARC also designs and fabricates equipments required for such programs and
makes them available to other users through technology transfer programs.

Development of radiopharmaceuticals, including production of BE_FDG using medical cyclotron
at BARC, and establishment of state of art imaging technologies using PET-CT machines have
strengthened disease diagnostic capabilities at BARC and triggered substantial research on
diagnosis of tuberculosis and other infectious disease, apart from variety of cancers and neural
disorders etc. Design and fabrication of indigenous teletherapy machines (Bhabhatron) has
greatly benefitted patients awaiting radiotherapy. Nisargaruna biotechnology, for conversion of
organic waste to methane and to electricity, has not only proven to be technologically robust
but has also been extremely popular as manifested by setting up of over 160 such plants all
over the country in last 6-7 years. The solar dryers for food preservation, biosensors for
pesticides and metal removal biotechnologies developed in last 2-3 years are likely to find field
applications in near future. All the aforesaid research and development activities in Life
Sciences have been published in high impact, peer-reviewed international journals and have
been recognized in the form of very prestigious awards, fellowships and other such honors.

The Physics Group in BARC continues to pursue R & D programmes in Physics which are at the
cutting edge of researchand also relevant to the DAE mandate. There is an active basic research
programme which spans a large range of energy, time and length scales and includes a
comprehensive study of matter at extremes. Interfaced with these programs, the Group also
pursues the indigenous development of technologies covering precision instrumentation,
particle accelerator, synchrotron and neutron beam lines at Dhruva and a high energy gamma
ray telescope. Some of the highlights achieved in this period are described in this executive
summary.

In the area of nuclear physics a precise measurement of the radioactive transition in ®Be has

been carried out and the new result motivates a calculation that combines state of art ab-initio
structure calculations with reaction models of the alpha-alpha collision process. The role of
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cluster structure of ‘Li on the dynamics of fragment capture was studied through exclusive
measurements of prompt y-rays from heavy-residues in coincidence with light charged particles
in the Li + '*®

Frequency Quadrupole (RFQ) was commissioned in pulsed mode. Under high pressure physics

Pt system. The indigenously designed and developed 400 keV, 4 vane Radio

domain the studies on reducedgraphene oxide, theoretical as well as experimental studies on
glycine lithium sulphate have generated several novel findings. In this context, the importance
of onsite Coulomb interactions between the 5f electrons in the determination of the various
ground state and high pressure properties of actinides has been investigated. Surface Enhanced
Infrared Absorption (SEIRA) has been developed for the study of organic and biologically
important molecules. For laser-matter interaction studies ahigh resolution and high dispersion
Thomson parabola spectrometer (TPS) with time-of-flight unit was developed for
characterization of ions produced in laser generated plasma, and also to calculate the
hydrodynamic parameters. The oxalate and phenanthroline ligands based 1-D single chain
molecular magnets have been demonstrated.

In the areas of developing advanced
. technology for frontier  physics

researches several state-of-the-art
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subcritical assembly driven by a D-D /

D-T neutron generator has been

successfully developed and e
commissioned. The development of Purnima Neutron Generator

such a zero power facility will enable study of various physics parameters related to neutronics,

Subcritical core

reactor physics and dynamic characteristics of Accelerator Driven System (ADS).Active neutron
interrogation technique for detection of fissile material in bulk material using pulsed neutron
generator has been developed in the Group.Recently thermoelectric material CuCrSe, is
investigated with figure of merit (ZT)~ 1 at 773 K.The Group has indigenously developed
inductively coupled plasma Mass Spectrometer (ICPMS) system.

The TACTIC telescope at Mt. Abu was deployed for TeV
(10" eV) gamma-ray observations of extragalactic objects.
The 240 KWp solar power plant required for the MACE
telescope has been installed and commissioned at Hanle.
A9-meter long cylindrical multi-cathode magnetron
sputtering system for fabrication of mirrors and super
mirrors for X-ray and neutron applications has been

successfully installed and commissioned. A hybrid detector T i b S 3
Trial assembly of the MACE telescope

telescope has been developed for the simultaneous in progress at ECIL, Hyderabad
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detection of a wide range of charged particles. An indigenously developed Multi-Cathode
Source of Negative lons by Cesium Sputtering source system is commissioned at Pelletron-Linac
accelerator facility successfully, delivering negative ion beams across the periodic table. The
Group provided engineering support in development & commissioning of an indigenous
desktop Alpha Particle Irradiator for in vitro radio biological studies for radiation risk
assessment under various radiation exposure conditions. A time-domain based low-coherence
fibre-optic interferometer has been indigenously developed for depth-resolved tomography
imaging of scattering samples for material science research. A 2-D Position Sensitive Detector
(PSD) for neutron beam imaging is developed.

In the domain synchrotron radiation and its utilization for science researches, several
noteworthy achievements have been made. The protein crystallography (PX) beamline has
been augmented with an auxiliary biochemical laboratory and cold rooms. X-ray Absorption
Fine Structure Spectroscopy (XAFS) at BL-08 and BL-09 beamline has been utilized for Ayurvedic
Drugs qualification experiments.The HRVUV (high resolution vacuum ultraviolet) beamline at
Indus-1 SRS was utilized for characterization of the specialized gas cells used in the Lyman Alpha
Photometer (LAP) payload on the Mars Orbiteer Mission launched by ISRO in November 2013.

Under international research collaboration programs, the Group is providing several critical
modules and sub-modulesto ILL, France. The Group has also contributed in the Resistive Plate
Chamber (RPC) upgrade project for the Compact Muon So-lenoid (CMS) experiment, CERN,
Geneva, Switzerland.

Engineering sciences : BARC have been pursuing the research and development programmes in
the frontal areas of engineering science and technology. Several spin off technologies have
been developed having direct societal relevance and were transferred to the public domain for
further commercial exploration thus translating the laboratory research outcomes for the
benefit of common man. A brief narration of some of the accomplishments made by
engineering sciences during the year 2013-2014 is presented below.

e BARC has demonstrated its capability in making industry ready 80 kV, 12 kW Electron
beam welding (EBW) machine.

e BARC has developed inductively coupled plasma mass spectrometer (ICPMS) and
transferred the technology to M/S Elico, Hyderabad.

e Completely bio-degradable polymers based on polycaprolactone and partially
bio-degradable linear low density polyethylene using radiation processed thermoplastic
starch was developed.
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e BARC has developed a new supercomputer, “ANUPAM-Aggra” using parallel processing
technology. This supercomputer is the largest and fastest in the ANUPAM series of
supercomputers.

e Online Thoron Mitigation System (OTMS) has been indigenously developed to control
the thoron (**

Reactor Thorium Reprocessing Facility (PRTRF) based on charcoal adsorption technique.

Rn) gas emission into environment through stack of upcoming Power

e BARC has successfully completed full scale 3-D MHD numerical simulation of the Indian
Test Blanket Module (TBM) of International Thermo nuclear Experimental Reactor (ITER)
project.

e A Tele Distress Alarm Device, named Nirbhaya, has been developed and the technology
has been transferred to ECIL for mass production.

e A 12-Channel battery operated portable ECG Machine is developed. DORAbot
(Detection Of Radiological Activity using a Robot) is a tracked mobile robot with cameras
and radiation sensor packs to scout radioactive areas in and around nuclear installations
in the event of a radiological emergency was developed.

Indira Gandhi Centre for Atomic Research (www.igcar.gov.in)

Fast Breeder Test Reactor (FBTR)

e The Fast Breeder Test Reactor (FBTR) acquired license to operate until June 2018.

e A comprehensive report has been prepared after the completion of feasibility study of
locating 500MW?1t Metal fuel Demonstration Fast Reactor (MDFR) at Kalpakkam.

Kamini Reactor

e Kamini Reactor was operated at different power levels for neutron radiography of pyro
devices from Vikram Sarabhai Space Centre and tungsten rods from Defence Research
Development Organisation.

Prototype Fast Breeder Reactor (PFBR)

e Construction of 500MWe Prototype Fast Breeder Reactor is nearing completion. Despite
technological challenges of first of the kind, the sodium cooled reactor has achieved an
overall physical progress of 97.61%. (Figure Enclosed)

Fast Reactor Fuel Cycle Facility (FRFCF)

e Financial approval of FRFCF project was received and construction work has started.
Technology Development

e A sodium fire facility was commissioned to
study the atmospheric dispersion of sodium
aerosol in the event of sodium fire. (Figures
Enclosed)

e Thickness of primary pump bellows of PFBR
was optimized for various aspects related to

Full scale model of passive sodium fire
mitiaation for
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pump performance and the bellows were manufactured by the local industries with complete
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technical support from IGCAR.

e Adjacent tube wastage experiments on 9 Cr-1 Mo steam generator tube specimens have been
completed. These specimens were supplied by CEA, France as part of collaborative
agreement. The experiment results will be utilized for validating the code named PROPANA.

= ot

Prototype Fast Breeder Reactor (PFBR) Modified 9Cr-1Mo steel with improved properties as
future material for steam generators

A state of the art high-temperature (up to 1450°C) split furnace, capable of controlled heating
and cooling, has been developed and integrated with the indigenously developed high strain
rate compression testing machine.
e India-specific RAFM (INRAFM) steel has been developed for
e Fusion reactors. The development is based on the detailed investigation of physical, micro-
structural and mechanical properties including impact, tensile low cycle fatigue and creep on
four heats of RAFM steel having varying tungsten and tantalum contents.
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Raja Ramanna Centre for Advanced Technology (www.rrcat.gov.in)

The Indus-1 and Indus-2 synchrotron beamlines at RRCAT are being used by a large number of
researchers from several universities, |ITs, IISERs, national institutes like PRL, 11Sc, BARC, TIFR,
IGCAR, and UGC-DAE-CSR. Various
subsystems of Indus-2 synchrotron have
been upgraded, viz. microtron injector,
RF power system, booster synchrotron,
ultrahigh vacuum cooling system, and
magnet power supplies. The output
power of the solid state radio-frequency
amplifiers has been increased to
225 kW. A bunch-by-bunch feedback
system has also been installed for

Gas-cell payload for the Mangalyaan
controlling the transverse coupled

bunch instabilities. As a result, the Indus-2 current has been increased to more than 180 mA at
2.5 GeV energy. The existing x-ray micro-focus beamline in Indus-2 has been upgraded with the
total external reflection x-ray fluorescence facility. The x-ray lithography beamline has been
used for fabrication of compound x-ray
refractive lenses. An infra-red beamline has
been installed on Indus-1, thus taking the
total number of beamlines on Indus-1 to six.
These beamlines have been used for a variety
of experiments ranging from studies of
multilayer x-ray optics to calibration of
Lyman-alpha photometer gas-cell required
for Mangalyaan mission.

Experiments on ion acceleration carried out Quasi-mono-energetic gold ions of different charge
states (Au ' to Au'’) observed in ultra-intense laser

using a 10 TW Ti:sapphire laser focussed to plasma interaction

an intensity of ~2x10™ W/cm? showed highly
repeatable, mono-energetic, multi-species gold ion emission from gold-carbon co-sputtered
nano-composite samples on silicon substrate.

An optical parametric chirped pulse amplification based Nd:glass laser system of 40 TW peak
power has been developed. It provides 24 J laser pulses of 600 fs duration. It is the highest peak
power laser built in the country. A prototype model of 20 kW peak power (1 kW average
power) industrial Nd:YAG laser with dual-port fiber optic beam delivery has been developed.
The laser will find applications in the decommissioning of RCC walls of power reactors as well as
in deep penetration welding.
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An x-ray activable copper-iodide complex of chlorin p6 (Cp6-COP) has been synthesized for
photo-dynamic therapy (PDT) of cancer
and potential use in deep tumor
treatment using x-rays (Fig. 3). The
formation of the complex has been
confirmed by visible, infrared, ESR and
XRF spectroscopy.

The electrical and magnetic properties Cancer cells stained with cancer cells death marker: (a) Live
. . cancer cells in un-treated sample (green); (b) Cell death after
of the superconducting Ti-V alloys have PDT (red).

been studied as materials alternative to

niobium in a high neutron-irradiation environment. The studies revealed important
technological aspects related to the dependence of critical current on the presence of different
metallurgical phases and defect structures.

Variable Energy Cyclotron Centre (www.vecc.gov.in)

Decay of Hoyle state: The Hoyle state, second 0," resonant excited state of 12¢ at excitation
energy of 7.654 MeV, plays an important role to understand a variety of problems of nuclear
astrophysics such as elemental abundance as well as the stellar nucleosynthesis process as a
whole. From the nuclear structure point of view too, there are many unanswered questions
regarding the configuration of this state; experimentally, it was found from inelastic scattering
that this state has an abnormally larger radius compared to the ground state of 2c,
theoretically, it has beenconjectured as the lowest state corresponding to a different
configuration (gaslike structure, member of a B band of the three-a molecule-like structure, or
Bose-Einstein condensate-like structure), and even the possibility of a very unusual linear
chainlike structure of three a particles has also not been ruled out. The standard shell-model
approaches, even the advanced no-core calculations, failed to reproduce the state; however,
recent ab-initio calculations using chiral effective field theory and Monte Carlo latticesimulation
has been able to find a resonance in *°C having the characteristics of the Hoyle state.

In nucleosynthesis reaction rate calculations, it is implicitly assumed that the decay of the Hoyle
state proceeds exclusively via a sequential two-step process, i.e., via the ground stateof ®Be.
However, it is likely that the above-mentioned unusual structure of this state may modify the
decay mode of '2C, thereby affecting the reaction rate of *°C as well as that of other heavy
elements. So, precise quantitative measurement of all direct processes (deviation from
sequential) in Hoyle state decay is crucially important from nuclear structure as well as
astrophysics points of view.
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In recent years, quite a few experiments have been performed to investigate and quantify the
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roles of various decay modes, i.e., sequential decay (SD) and 3« direct decay (DD). In addition,
attempts have also been made to identify and differentiate among various types of direct
decays, such as decay into equal energies (DDE), decay into a linear chain (DDL), and direct
decay in phase space (DDR), and to quantify their contributions, which are supposed to throw
new light on the exotic structure of the Hoyle state.

Large Area Modular BaF,
Detector Array [LAMDA)

\

Si—strip-and ésl('ﬂld ie}o;s: .

A complete kinematical measurement of inelastic scattering of a beam of 60 MeV from Variable
Energy Cyclotron (VEC) machine on 2c targetat 60 MeV to study the various decay channels of
Hoyle state with relatively higher in statistic compare to the previous measurement.

Superconducting Magnetic Energy Storage (SMES) system based Dynamic Voltage Restorer:
The Power Quality is one of the most important issues in power distribution system. The
problems generally appear in the form of three broad categories that are voltage sags,
transients and harmonics. Many critical machines or industrial processes, especially controlled
by computers are sensitive to any voltage sag or short interruptions in supplying. These
disturbances in supply can increase the down time of the machine and hence the cost of
production. Accelerator laboratories also suffer from sudden voltage dip that leads to sub-
system trips resulting in shutdown of the entire machine. VECC has undertaken the
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development of Superconducting Magnetic Energy Storage (SMES) system based Dynamic
Voltage Restorer (DVR) to address this issue that may find application in particle accelerator
facilities, R&D laboratories and industries in the country.

DVR (Fig. 1) is one of the most effective and efficient compensating type power electronic
controller used in the distribution network to get rid of or to mitigate the most severe power
quality problem caused by voltage sags, especially for sensitive loads. Its major components,
designed and developed at VECC includes

SMES Coil: The cryostable superconducting magnet was constructed using NbTi based
superconductor and High Temperature Superconductor (BSCCO-2223) based electrical current
leads to carry DC current of 800Amax, thus storing 0.6MJ of energy. The coil assembly was
being housed inside a Standard Magnet Dewar (SMD) with all related instrumentations and coil
protection system comprising of a quench detection circuit and dump resistor (20 m-ohm, 5kW)
placed externally.

2-Quadrant DC-DC Chopper: A high current IGBT based DC- DC chopper was designed and
developed for charging the superconducting coil to its constant current (400A max.) for energy
storage and to discharge the stored energy to a constant DC-link capacitor voltage of ~80V as
required by the VSI. A novel topology of “Hysteresis Band Controller” was adopted for proper
functioning of the chopper in two-quadrant in order to match the power flow demand of the
DVR system.

Voltage Source Inverter (VSI) with DSP based control: A 10kVA 3-¢VSI was designed and
developed that compensates for the voltage sag in the utility mains so as to keep the load
voltage constant, deriving power from the chopper controlled constant DC bus. A 12-bit multi-
channel 12.5 MSPS ADC and 3-¢PT based instrumentation samples the input mains and feeds

to a DSP based controller that ultimately generates the switching signals to the IGBT Bridge of
the VSI, employing pre-sag compensation technique.

Harish-Chandra Research Institute (www.hri.res.in)

Several faculty members at HRI received national and international recognition for their
research. Among them Prof. Rajesh Gopakumar was awarded the TWAS Physics Prize in
October 2013, and the G. D. Birla Prize for scientific research for 2013.

HRI physicists continue to play a key role in the analysis of LHC data. They have also taken a

leading role in the collaboration between Indian institutions and the Fermilab, USA, and
participate in the Long Baseline Neutrino Experiments (LBNE). The HRI string theory group has
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worked on the application of string theory to practical issues in cosmology, hydrodynamics and
condensed matter physics. Additionally, there have been formal developments on gauge
theories, higher derivative corrections to string theory, and duality between two dimensional
qguantum field theories and theories of gravity. In condensed matter, there is continuing work
on nanomaterials as well as exploration of topological insulators, superconductors and Mott
insulators. The quantum information/computation group has explored aspects of non
equilibrium many body systems as relevant for quantum information.

The mathematics group at HRI has contributed significantly in research and also through one of
the more vibrant outreach programmes in the country. A number of schools, workshops etc.
have rejuvenated mathematics learning at college and university levels. This has led to the
generation of a pool of manpower trained in current topics in mathematics who are not only
trained to start a research career but are also able to contribute significantly in different areas
of science and engineering. Recent research work involves developments in the areas of
analysis and geometry, Lie groups, and number theory.

Saha Institute of Nuclear Physics (www.saha.ac.in)

Fusion with Anticodon Binding Domain of GIuRS is Not Sufficient to Alter the Substrate
Specificity of a Chimeric Glu-Q-RS: Glutamyl-queuosine-tRNA(Asp) synthetase (Glu-Q-RS) is a
paralog of glutamyl-tRNA synthetase (GIuRS) and is found in more than forty species of
proteobacteria, cyanobacteria, and actinobacteria. Glu-Q-RS shows striking structural similarity
with N-terminal catalytic domain of GIuRS (NGIURS) but it lacks the C-terminal anticodon
binding domain (CGIuRS). In spite of structural similarities, Glu-Q-RS and NGIuRS differ in their
functional properties. Glu-Q-RS glutamylates the Q34 nucleotide of the anticodon of tRNA(Asp)
whereas NGIURS constitutes the catalytic domain of GIuRS catalyzing the transfer of Glu on the
acceptor end of tRNA(GIlu). Since NGIuURS is able to catalyze aminoacylation of only tRNA(GIlu)
the glutamylation capacity of tRNA(Asp) by Glu-Q-RS is surprising. To understand the substrate
specificity of Glu-Q-RS we undertook a systemic approach by investigating the biophysical and
biochemical properties of the NGIuRS (1-301), CGIuRS (314-471) and Glu-Q-RS-CGIuRS, (1-298
of Glu-Q-RS fused to 314-471 from GIuRS). Circular dichroism, fluorescence spectroscopy and
differential scanning calorimetry analyses revealed absence of N-terminal domain (1-298 of
Glu-Q-RS) and C-terminal domain (314-471 from GIuRS) communication in chimera, in contrast
to the native full length GIuRS. The chimeric Glu-Q-RS is still able to aminoacylate tRNA(Asp) but
has also the capacity to bind tRNA(GIu). However the chimeric protein is unable to
aminoacylate tRNA(Glu) probably as a consequence of the lack of domain-domain
communication.
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Doping a Correlated Band Insulator: A New Route to Half-Metallic Behavior: Applying a simple
model the surprising result that turning on an on-site Coulomb interaction U in a doped band
insulator leads to the formation of a half-metallic state is demonstrated. In the undoped
system, we show that increasing U leads to a first order transition at a finite value U-AF
between a paramagnetic band insulator and an antiferomagnetic Mott insulator. Upon doping,
the system exhibits half-metallic ferrimagnetism over a wide range of doping and interaction
strengths on either side of U-AF. Our results, based on dynamical mean field theory, suggest a
new route to half metallicity, and will hopefully motivate searches for new materials for
spintronics.

Positron annihilation studies of vacancy-type defects and room temperature ferromagnetism
in chemically synthesized Li-doped ZnO nanocrystals: The effects of Li incorporation on the
lattice defects and Room temperature d(0) ferromagnetic behaviour in ZnO nanocrystals by
correlating X-ray photoelectron, photoluminescence and positron annihilation spectroscopic is
studied. It is found that at low doping level (i 7 at.%), Lil+ is an effective substituent of Zn site,
but it prefers to occupy the interstitial positions when Li-doping exceeds 7 at.% resulting in
lattice expansion and increase of particle sizes. The pristine ZnO nanocrystals exhibit
ferromagnetic behaviour which is further enhanced significantly after few percentage of
Li-doping in ZnO. The magnitude of both saturation magnetizations (M-S) as well as the Curie
temperature (T-C) are found to increase considerably up to Li concentration of 10 at.% and then
started to decrease on further Li-doping. The gradual enhancement of Zn vacancy (V-Zn)
defects in ZnO nanocrystals due to Li substitution as confirmed from photoluminescence and
positron annihilation spectroscopy measurements might be responsible to induce paramagnetic
moments within ZnO host. The ferromagnetic exchange interaction between the localised
moments of V-Zn defects can be mediated though the holes arising due to Li-substitutional
(Li-Zn) acceptor defects within ZnO. Hence, Li doping in ZnO favours in stabilizing considerable
V-Zn defects and thus helps to sustain long-range high-TC ferromagnetism in ZnO which can be
a promising material in future spintronics.

Velocity shear effect on the longitudinal wave in a strongly coupled dusty plasma: The
characteristics of longitudinal dust acoustic wave (DAW) in presence of velocity shear have
been investigated in a strongly coupled dusty plasma using the generalized hydrodynamic (GH)
model. In the hydrodynamic regime (omega |” (m) a parts per thousand(a)l), i.e. when
characteristic time tau (m) is slower than inverse of wave frequency, the viscosity in the GH
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model plays the usual role of wave damping, whereas in the kinetic regime (omega I” (m) a
parts per thousand ij 1), i.e. when characteristic time tau (m) is larger than inverse of wave
frequency, viscosity shows energy storing property in the wave. In the kinetic regime, we have
studied the longitudinal mode (where omega is the frequency, k is the wave number, c (d) is the

dust acoustic velocity and c (l) is the longitudinal velocity that arises due to viscosity) in
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presence of velocity shear. It is shown that velocity shear can destabilize this mode. Both
nonmodal and modal techniques are employed to demonstrate the growth rate of the
instability.

Inner-most stable circular orbits in extremal and non-extremal Kerr-Taub-NUT spacetimes:
We study causal geodesics in the equatorial plane of the extremal Kerr-Taub-NUT spacetime,
focusing on the inner-most stable circular orbit (ISCO), and we compare its behavior with extant
results for the ISCO in the extremal Kerr spacetime. Calculations of the radii of the direct ISCO,
its Kepler frequency, and the rotational velocity show that the ISCO coincides with the horizon
in the exactly extremal situation. We also study geodesics in the strong non-extremal limit, i.e.,
in the limit of a vanishing Kerr parameter (i.e., for Taub-NUT and massless Taub-NUT
spacetimes as special cases of this spacetime). It is shown that the radius of the direct ISCO
increases with NUT charge in Taub-NUT spacetime. As a corollary, it is shown that there is no
stable circular orbit in massless NUT spacetimes for timelike geodesics.

Institute of Physics (www.iopb.res.in/indexphp.php#)

During the year 2013-2014, the Institute of Physics undertook active research in various areas
of theoretical and experimental physics. There were seventy publications in refereed journals
and proceedings whereas nearly twenty articles were submitted for publication. Six colloquia
and sixty one seminars were given by visitors at I0P. Fifty talks were given by the Institute
members at various places within the country and abroad.

As in the past, the Institute contributed in a significant way towards quality human resource
development in the form of a one year pre-doctoral course followed by the Ph.D. program. Ten
post-doctoral fellows joined the Institute in the year 2013-14. Further, this year eight doctoral
scholars received their Ph.D. degrees, while eleven scholars joined the pre-doctoral
programme. The Institute actively promoted interactions with colleges, universities, academic
institutions, and other national laboratories by means of visitor programmes, workshops,
symposia, and other academic events.

The Institute organized the 3™ International Conference on Physics at Surfaces and Interfaces
(PSI-2014) during February 24 — 28, 2014, International School and Conference on Quantum
Information (IPQI-2014) during February 17 — 28, 2014, Discussion Meeting on Radiative
Corrections (DMRC) during March 3 — 5, 2014, and co-organized Workshop on High Energy
Physics (WHEP-2013) during 12 — 21 December, 2013 as well as National String Meeting during
December 2013.
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The Institute was also actively involved in popularizing science. The National Science Day was
celebrated and students from different schools, across Odisha and Jawahar Navodaya
Vidyalayas, visitied Institute at different times. In addition, Summer Students’ Visiting
programme (SSVP — 2013) was organized during May 6 — June 15, 2012 and ten students
participated in the same.

Research activities undertaken undertaken in the Institute during the year 2013-14 are
summarized below.

Condensed Matter Theory: Research activities in condensed matter theory ranged from
mesoscopic systems, non-equilibrium statistical mechanics to biophysics. Research was carried
out on fluctuation theorems, engines at nano scale, thermodynamics of information, various
phase transitions and physical properties especially elastic behaviour of DNA, both in
equilibrium and nonequilibrium, and fluctuation induced phases in polymers.

High Energy Physics (HEP) Theory: Research in HEP theory covered areas of HEP
phenomenology, string theory, gravity, astro-particle physics, and physics of quark-gluon
plasma. Some of the topics of recent interest are gauge / gravity duality, anisotropic power law
inflation, black holes and fuzzballs, in particular integrability based techniques for the
construction of novel black holes and fuzzballs in supergravity theories, different aspects of
relativistic heavy ion collisions, and dual superconductor model of Hadronization. Connection
between phase transition in cosmology and Condensed matter system such as liquid crystals,
QCD phase transitions in neutron star cores, were investigated. In high energy phenomenology,
cross section processes of one loop which are important for analysis of LHC data have been
studied. Research was carried out on neutrino oscillation phenomenology with neutrino beams,
solar and atmospheric neutrinos, reactor neutrinos, phenomenology with sterile neutrinos,
direct and indirect searches of dark matter. There was also active participation in the India-
based Neutrino Observatory project

Nuclear Physics Theory: In nuclear Physics, research has focused on nuclear structure and
nuclear reaction. The mechanism for the formation of superheavy elements in astrophysical
objects, nucleus-nucleus reaction, study of cluster decay properties have been pursued.
Recently discovered superheavy nuclei and a new mode of fission decay for neutron-rich heavy
nuclei has been studied. Measurement of charged particle multiplicity and transverse energy at
mid- rapidity and elliptic flow in Pb-Pb and P-Pb Collisions at 2.76 and 5 TeV with ALICE detector
at CERN, LHC are reported. Dynamical observable study in heavy- ion collisions is carried out for

Delta* analysis for p-p at 7 TeV and for p-Pb at 5.02 TeV, Ks* and Lamda analysis at RHIC
energies. Work was also carried out on nuclear equation of state of confined and deconfined
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matter, nuclear astrophysics, such as compact stars in presence of strong magnetic field, flavor
unification, dark matter, and proton decay.

In addition, studies on quantum information were also carried out.

Experimental Physics: In experimental physics, major activities included studies on accelerator
based materials science, surface and interface physics, and nano systems. Investigations in
these areas were carried out by using the state-of-the-art facilities developed at Institute of
Physics over the years. Some of the topics of current interest are ion beam-induced surface
nanostructuring, pattern formation, epitaxial crystallization, and electronic structure studies of
multiferroics, manganites etc.

Institute for Plasma Research (www.ipr.res.in)

A steady state tokamak SST-1- the first of it's kind in India, has been just set up, to study issues
related to energy, particle and impurity confinement during steady state operation. Plasma
disruptions and vertical displacement episodes will be studied. Non-inductive current drive
would sustain the plasma current, and different aspects of the current drive would be studied.
The prototype fabrication of the components of the various subsystems of the tokamak has
been completed, tested and integrated. SST1 magnets have been activated and the 1*' plasma
in SST1 was obtained in June 2013. Subsequent plasma experiments in SST1 relates to
extending the plasma duration with enhanced current and magnetic field. With the plasma
formation in SST1, India is put in the list of six nations globally, that have an operational
superconducting tokamak.

Institute of Mathematical Sciences (www.imsc.res.in)

Work done in mathematics is in the areas of algebra, algebraic geometry, algebraic, analytic
and transcendental number theory and modular forms, Lie groups, topology, representation
theory and operator algebras. This is evidenced by the many publications in these areas and
two books. Among the several areas of physics in which research is carried out here are astro-
particle physics, biological physics, condensed matter physics, CP-violation, neutrinos, B-physics
and new models, foundations of quantum mechanics, mathematical physics, non-linear
dynamics, solitons and chaos theory, quantum and topological quantum field theories and
conformal field theories, quantum computation and statistical mechanics as evidenced by the
publications in all these areas and a book. Theoretical computer science: The main areas of
computer science represented here are algorithms and data structures, automata, logic and
concurrency, computational complexity and graph theory and combinatorics. Contributions to
each of these areas have been made in the form of both journal publications and prestigious
conference proceedings.
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Tata Memorial Centre (www.tatamemorialcentre.com/education/profedu.htm)

Clinical cancer research has been a major activity at TMC. This has led to two major practice
changing research outputs. The first is breast cancer research that has capability of saving
thousands of lives by single injection of progesterone given few days prior to surgery. The
second is Visual Inspection after application of Acetic Acid (VIA), a public health intervention,
which has shown capability of saving over 22000 lives in India and has been adopted by 11
states across our country and has been lauded for its ease of implementation throughout the
world. Futility of expensive and exhaustive follow up investigations was investigated for bone
and soft tissue tumours and has been a landmark paper in orthopaedic oncology.

The Centre honoured Dr. Prakash Amte and Dr. Mandakini Amte of the Lok Biradari Prakalp,
Hemalkasa, with the Science & Society Oration Award — 2013 on gt April 2013. On 15t August
2013, patient registration services were started at the Hospital in ACTREC, which has enabled
treatment of cancer patients from Navi Mumbai and Raigad districts at the centre. In
September 2013, a Digital Subtraction Angiography (DSA - Cathlab) facility donated by a
philanthropic trust was commissioned in ACTREC. It provides advanced image guided
interventional radiology for diagnostic/therapeutic procedures. A new addition to the Cancer
Research Institute at ACTREC is the ‘Fly lab” which has been set up in August 2013. It aims to
utilize Drosophila as a model system to study the signaling pathways regulating glial cell growth
and development. During 2013, a state-of-the art core imaging facility has also been established
in CRI — ACTREC. It houses 3i Spinning Disk, STED 3X super resolution and multiphoton
microscopes that will facilitate cell imaging in multicolor at superfast speed. ACTREC played
host to several national and international conferences during 2013 — an important one being
the International Symposium on ‘Conceptual advances in cellular homeostasis regulated by
proteases and chaperones’. Graduate students of the Centre organized the 9™ National
Research Scholars Meet — 2013 in which a large number of researchers from institutes and
universities across the country participated.
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Events at Constitutent Institutions

Bhabha Atomic Research Centre (www.barc.gov.in)

Graduation function o_f- OES—2012 OCDF-2012 of BARC
Training School, Mumbai. Predisident of India graced
the occation as the chief guest.
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Students & teachers from local colleges attending popular science lectures & exhibitions at BARC during
CHEMFEST-2014

Indocrypt is an International Conference on
Cryptology held each year since 2000 in India.
Indocrypt 2013 was hosted by Homi Bhabha
National Institute during 7-10 December 2013 in
Mumbai. The conference was inaugurated by
Dr. P. Chidambaram, Principal Scientific Advisor,
Government of India. Dr. B. K. Dutta, Dean HBNI
and Shri Y. S. Mayya, BARC were conveners.
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Indira Gandhi Centre for Atomic Research (www.igcar.gov.in)

el

Prof. C.N.R. Rao’s visit to Chemistry Gfoup, IGCAR

-l-i" W
-
Dr. G. Venkataraman, Director (Retd.) ANURAG, DRDO delivering the IGC Colloquium
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Raja Ramanna Centre for Advanced Technology (www.rrcat.gov.in)

4 i - . e 1 e =N .
Graduation day function of the 13" batch of BARC Training School RRCAT on July 26, 2013;
graduating TSOs with the Chief Guest Dr. R. K. Sinha, Chairman, AEC and other dignitaries

Variable Energy Cyclotron Centre (www.vecc.gov.in)

NSYM!’OWM

S

P _-,;.;.' | o

6th Asﬁm Nuclear Physics Association Symposium organizd b_y VEéC

p .
3 fom 8
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W Cetebrating 75m e
of the Discovery |
of -

Nuclear Fission
and

Related Phenomen

VECC organized a summer school on “Nuclear Fission and Related Phenomena” during May
13-23, 2014 to celebrate the 75 years of the discovery of nuclear fission

Harish-Chandra Research Institute (www.hri.res.in)

Pfoﬁ Joseph Osterlé, Universify of Group Photograph of the participants of Instructional School on Schur
Paris, France delivering lecture at Multiplier and Related Topics organized at HRI (March 1-8, 2014
HRI Talent Search Prize
distribution Function.
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Group Photograph of the participants of the Meeting on Quantum Informatio
organized at HRI (December 2 - 8, 2013)

St I SR
n Processing and Applications

e

'HARISH-CHANDRA RESEARCH INSTITUTE ALLAHABAD

“Instructional School On Schur Multiplier and Related Topics”
(1st March to 8th March,2014)

Group otra o h paric:pants f /nstutiona/ School n hr Mtp/ier and Relatd Torc oganize at

HRI (March 1-8, 2014
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Institute of Physics (www.iopb.res.in/indexphp.php#)

— - - A

a ad : .
3rd International Conference on Physics at Surfaces and Interfaces,

Organized by IoP during Feb.24-28, 201 at Puri
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Institute of Mathematical Sciences (www.imsc.res.in)
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Tata Memorial Centre (www.tatamemorialcentre.com/education/profedu.htm)

1% ACTREC Synmumon ‘Clinical Pharmacology in International Symposium on ‘Conceptual advances in cellular

Cancer Therepeutics. Orginizer : Dr. Vikram Gote, ACTREC : homeostasis regulated by proteases and chaperones’
19" & 20" April, 2013 Organiser : Dr. Prasanna Venkatraman, ACTREC :

3" to 6" December, 2013

DPT Workshop on ‘Application in Bioinformatics’
Organiser : Dr. Ashok Varma, ACTREC : 24" January, 2014

9" Nationa Research Scholars meet in Life Sciences 013
Organisers : Research Scholars, ACTREC :
20" & 21° December, 2013
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Conferences Organized by Cls

sr. No. Name of Conference Organized by Venue Period
(cI) From To
Course on Vacuum Science, Gitam
1. Technolnogy and BARC University, 24/09/2013 27/09/2013
Applications Vishakhapatnam
DAE-BRNS Ssymposium on
Current Trends in .
2. Theoretical Chemsitry (CTTC BARC Mumbai 26/09/2013 28/09/2013
2013)
Workshop cum Training on
Nuclear Material Control
3. and Accounting Practices BARC Mumbai 03/10/2013 04/10/2013
and future Prospective
(NUMAC-PP 2013)
Advances in Reactor Training School
Physics; Simulation Hostel,
. B 23/10/201 25/10/201
4 Techniques and Analysis ARC Anushaktinagar, 3/10/2013 >/10/2013
Methologies Mumbai
. IIT Kharagpur,
Theme Meeting on Ultrafast
. BAR Kh 25/10/201 26/10/201
> | sciences (UFs-2013) ¢ aragpul, 5/10/2013 6/10/2013
West Bengal
DAE-BRNS National Training School
Symposium on Nuclear Hostel,
6. Instrumentation 2013 BARC Anushaktinagar, 19/11/2013 21/11/2013
(NSNI-2013) Mumbai
. Training School
National Workshop on Hostel
7. Materials Chemistry BARC b 22/11/2013 23/11/2013
(Catalytic Materials) Anushaktinagar,
¥ Mumbai
Training School
National Symposium on VHE Hostel,
8. Gamma Ray Astronomy BARC Anushaktinagar, 25/11/2013 27/11/2013
Mumbai
9" DAE-BRNS Symposium Training School
on Current Advances in Hostel,
S Immunobiology and Cancer BARC Anushaktinagar, 28/11/2013 30/11/2013
(LSS-2013) Mumbai
Life Sciences Symposium
10. 2013( Current Advances in BARC BARC, Mumbai 28/11/2013 30/11/2013
Immuno Biology & Cancer)
International Symposium on Nabhakiya Urja
11. . ymp BARC Bhavan, 02/12/2013 06/12/2013
Nuclear Physics Mumbai
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Annamalai

DAE-BRNS Nineteenth University,
National Symposium and Annamalai
12. ymp BARC Nagar 608 09/12/2013 13/12/2013
Workshop on Thermal 002 Cuddalore
Analysis (THERMANS 2013) District, Tamil
Nadu
XXXXV Annual Conference
of Society of Nuclear Nehru Centre,
13. Medicine India (SNMICON- BARC Worli, Mumbai 12/12/2013 15/12/2013
2013)
Advances in Radiation Nabhakiya Urja
14. Technology for Societal BARC Bhavan, 16/12/2013 18/12/2013
Benefits Mumbai
DAE-SOLID STATE PHYSICS Thapar
15. SYMPOSIUM 2013 BARC lanerﬂty,. 17/12/2013 21/12/2013
Patiala, Punjab
19" Symposium and
16. Woskshop on Thermal BARC Mumbai 19/12/2013 21/12/2013
Analysis (Thermans 2013)
Trombay Symposium on BARC
17. radiation and Mumbai 06/01/2014 09/01/2014
Photochemistry (TSRP-2013)
12th Biennial Trombay
Symposium on Radiation .
18. B 1/201 1/201
8 and Photochemistry (TSRP- ARC Mumbai, 06/01/2014 09/01/2014
2014)
New Horizons in Nuclear Nabhakiya Urja
19. Reactor thermal Hydraulics BARC Bhavan, 13/01/2014 15/01/2014
and Safety Mumbai
DAE-BRNS Symposium on
20. Nuclear Analytical BARC BARC, Mumbai 20/01/2014 24/01/2014
Chemistry (NAC-V)
. BARC, Training
21, | oth Symposium on Nuclear BARC School Hostel, 20/01/2014 24/01/2014
Analytical Chemistry(NAC-V) .
Anushaktinagar
Treasure Island
22. SFRR Annual Meeting BARC Resort, Karla, 27/01/2014 30/01/2014
Lonavala
Recent Trends in Free BARC, Training
23. Radical and Antioxidant BARC School Hostel, 27/01/2014 30/01/2014

Research

Anushaktinagar
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11" International Discussion

24. | Meet on Electrochemistry BARC ﬁﬂ:}'}':;ar' 20/02/2014 25/02/2014
and its applications
Molecular Architecture,
Dynamics and Assembly in Radisson Blu
25. Living Systems (MADALS BARC Hotel, Amritsar 20/02/2014 25/02/2014
2014)
DAE-BRNS Symposium on
26. E;erga'zigrsec:':rfc'gan ; BARC Mumbai 25/02/2014 28/02/2014
Technology
DAE-BRNS Symposium on BARC, Training
27. Organic Devices : The BARC School Hostel, 03/03/2014 06/03/2014
Future Ahead (ODeFA-2014) Anushaktinagar
International Conference on Sagar
Advanced Technologies for Sangamam
28. Management of Ballast BARC complex, NIOT 04/03/2014 07/03/2014
Water & Biofouling (MABB Campus,
2014) Chennai 600100
28" ISMAS Workshop cum
29. Symposium on Mass BARC Parwanu, HP 09/03/2014 14/03/2014
Spectrometry
Orientation course on
Environmental Impact SRI Seminar
30. Assessment of Nuclear Fuel IGCAR Hall, Anupuram 08/07/2013 12/07/2013
Cycle Facilities
DAE-BRNS 7th National
Symposium on Pulsed Laser
31. Deposition of thinfilms and IGCAR IIT, Kharagpur 14/11/2013 16/11/2013
Nanostructure Materials
(PLD 2013)
Central Leather
Nuclear Engineering - Res?arch
32. Future & prospects IGCAR Institute, 07/01/2014 08/01/2014
Chennai 600
020
Facilities for handling HASL Lecture
33. Radiaoctive Materials IGCAR Hall, IGCAR, 22/01/2014 22/01/2014
(FRAME 2014) Kalpakkam
Indira Gandhi
First International Centre for
34, Conference on Structural IGCAR Atomic 04/02/2014 07/02/2014
Integrity (ICONS-2014) Research,
Kalpakkam
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Indus Synchrotron Source

35. Utilization Meeting: RRCAT RRCAT, Indore 29/08/2013 30/08/2013
Photoelectron spectroscopy
Indus Synchrotron Source
Utilization Meeting : X-ray
36. Lithography and RRCAT RRCAT, Indore 05/12/2013 06/12/2013
Microfabrication
School on “Basics of
Magnetism and
investigations of magnetic
37. properties of materials RRCAT RRCAT, Indore 24/03/2014 28/03/2014
using Synchrotron
Radiation”
International Seminar on
Application of
38, Communilcatlon and ' VECC Kolkata 28/01/2013 30/01/2013
Information Technology in
Library (SACITIL)
DAE-BRNS Indian Particle
39, Accelerator Conference VECC Kolkata 19/11/2013 22/11/2013
2013
Workshop on Prevention &
Response to VECC Kolkat
olkata
40. Nuclear/Radiological 06/02/2014 07/02/2014
Emergencies
a1 6th Asian Nuclear Physics VECC Kolkata 19/02/2014 21/02/2014
' Association Symposium
2 International Conference on SINP Hyatt Regency, 03/07/2013 05/07/2013
) Electron Microscopy Kolkata
Saha Institute of
National workshop on Nuclear Physics,
43, Exploring radiation in many SINP 1/AF, 23/11/2013 24/11/2013
splendors (RAD2013) Bidhannagar,
Kolkata 700064
The Third International
Conference, "Application
44, of RadiotraCers SINP Kolkata 12/01/2014 18/01/2014

and Energetic Beams
in Sciences (ARCEBS-14)
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45,

Molecular Architecture,
Dynamics and Assembly in
Living Systems (MADALS
2014)

SINP

Saha Institute of
Nuclear Physics

07/02/2014

10/02/2014

46.

National Symposium on
High Power RF &
Microwave (HPRFM-
2013)

IPR

IPR

04/09/2013

06/09/2013

47.

Topical Conference on
Atomic Processes in
Plasmas (ISAMP-TC-
2013)

ISAMP-IPR

IPR

18/11/2013

20/11/2013

48.

School on Advanced
Characterization methods
for Nanophase Materials
(ACNM-2013)

IPR

IPR

22/11/2013

24/11/2013

49.

School on Nanoscale
Excitations in Emergent
Materials (NEEM 2013)

IPR

IPR

25/11/2013

26/11/2013

50.

STAR Regional meeting and
Discussion on Phases of
QcCDb

IOP and
NISER

IOP and NISER

08/07/2013

10/07/2013

51.

International Program on
Quantum Information

IOP

IOP

17/02/2014

28/02/2014

52.

3rd International
Conference on Physics at
Surfaces and Interfaces.
PSI12014

IOP

Puri

24/02/2014

28/02/2014

53.

Discussion meeting on
radiative corrections

IOP

IOP

05/03/2014

10/03/2014

54.

Workshop & Discussion
Meeting (1) Automorphic
Forms & Number Theory

HRI

HRI, Allahabad

30/08/2013

03/09/2013

55.

Instructional School on Real
Variable Methods in
Harmonic Analysis

HRI

HRI, Allahabad

13/09/2013

30/09/2013

56.

Advanced Instructional
School on "Real Variable
Methods in Harmonic
Analysis"

HRI

HRI, Allahabad

23/09/2013

30/09/2013
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57.

Advanced Instructional
School for Lecturers-
"Topology and Geometry"

HRI

HRI, Allahabad

16/12/2013

28/12/2013

58.

Discussion Meeting on
“Algebraic Curves' (Il)

HRI

HRI, Allahabad

19/02/2014

05/03/2014

59.

Instructional School on
Schur Multiplier (GTLT)

HRI

HRI, Allahabad

01/03/2014

08/03/2014
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Colloquia Organized by Cls

Sr. Speaker Cl Date Title
No.
. " Surface-enhanced Raman scattering studies of
1. Nandita Mait . . .
andita Marti BARC 17/4/2013 dimercaptothiadiazole adsorbed on silver and
gold nanoparticles
2. . - L
Sumit Kumar BARC 12/04/2013 | Actinide Speciation
3 Development of methodology for the
) P.S. Ramanjeyulu BARC 24/04/2013 | determination of boron in ThO, employing
spectrophotometry
4, Sisir K. Sarkar BARC 25/04/2013 Cohere.nt. Con.trol : Rep!acmg
Serendipity with Intention
5. Rajib Ghosh BARC 15/05/2013 Ultrafast Structural Relaxat|9n I?ynamlcs of
Donor-Acceptor Ketone Derivatives
6. Neetika Rawat BARC 24/05/2013 Thermodynamlcs of actinide complexation
reactions
7. . Physico-chemico properties of Cr,TeOg(s),
M lata Sah BARC 07/06/2013
anjulata sahoo /06/ Fe,TeOg(s) and NisTeOg(s)
8.
Ashwani Kumar BARC 21/06/2013 | Non-destructive assay of nuclear materials
9. Sudhir Kappoor BARC 02/07/2013 Zeolite M:aterlals: Prepar:cltlon of Mgtal
Nanoparticles and Selective Catalysis
10. R.N. Singh Hydrogen in Zr-alloy§ and its consequences in
BARC 11/07/2013 | life management of in-core components of
PHWR
11. 5. Jeyakumar BARC 13/07/2013 lon Chromatographlc anaIYS|s of trace
elements in nuclear materials
12. . Diffusion of traces in altered clay minerals
LM BARC 26/07/2013
anjahna /07/ relevant to deep geological disposal of HLW.
13. V. G. Mishra BARC 16/08/2013 Determlr)atlon of stabll.lty co.nstants of
tetracycline complexation with Zr and Hf
14, Biswajit Manna BARC 04/09/2013 Study of Exciton Dynamics in Polyacene
Nanoaggregates
15.
Ankita Rao BARC 04/09/2013 | Supercritical fluid extraction of actinides
16. Atanu Barik BARC 13/10/2013 One—glectron redox reaction of or‘gano.-
selenium compounds: A pulse radiolysis study
17. Prabhat K. Singh BARC 06/11/2013 Explorlng Nano-confined watt.er u§|ng a
symmetric lon: A 2D IR Investigation
18. Prakash D. Naik
rakas al BARC 25/11/2013 | Laser Spectroscopy In Analytical Chemistry
1. B.S. Tomar BARC 02/12/2013 | Radiation Detection and Measurements
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20. M. C. Rath BARC 11/12/2013 Radiation and Photthemlstry in Nuclear
Industry: A New Horizon
Ultrafast ablation, LIBS and pump-probe
21 5. Venugopal Rao BARC 18/12/2013 | techniques for studying high energy materials
22. P.N. Raju BARC 03/02/2014 Role of Statlstlcs in Nuclear Material
Accounting & Control
Probing ultrafast coherent dynamics by

23. Arijit Kumar De BARC 19/03/2013 mcoherent fluorescence detection: Towards a

spatiotemporal approach

24, - SMART NANO MATERIALS- SCIENCE AND
John Philip BARC 17/05/2013 APPLICATIONS

25. N.Sivaraman BARC 01/07/2013 SEPARATION TECHNIQUES

26. | Prof. Deshdeep Sahdev, | RRCAT | 18/09/2013 | Quantum Mechanics and Solid State Physics

with an Indigenous STM and Physical Quantities
IIT, Kanpur
Measurement System

27. Dr. Venuka D. Goyal, IIT RRCAT | 09/10/2013 | Protein Engineering: Tailoring Enzymes to Suit
Bombay our Requirements

28. Dr. Praveen Chaddah, RRCAT | 27/11/2013 | Ethics in Research and Publications: looking at
RRCAT Plagiarism
Dr. S.P. Mhask

29. r > .as an RRCAT | 29/11/2013 | Magnet and insertion devices related activities
Diamond Light Source, .

at Diamond
UK

Overview of the Cornell High Energy
Prof. Donald Bilderback, Synchrotron Source (CHESS), upgrade

30. Cornell High Energy RRCAT | 04/12/2013 possibilities to Energy Recovery Linac, x-ray
Synchrotron Source experiments, and a perspective on capillary x-

ray optics

31. | Prof. A. Yamaguchi, RRCAT | 06/12/2013 | Clectrical measurements and real space

. . magntization dynamics induced by microwave
Hyogo University, Japan
nano magnets
Prof. Edward I. Moses,
University of California,

32. Berkeley, and Lawrence RRCAT | 13/12/2013 | The National Ignition Facility: Pathway to
Livermore National Energy Security and Physics of the Cosmos
Laboratory, Livermore,

USA
33. Prof. Sh‘u1| Miyamoto, RRCAT | 15/12/2013 | Gamma-ray Generation and Application by
University of Hyogo,
Laser Compton Scatte
Japan
Prof. Elias Towe, . .

34, . RRCAT | 17/12/2013 | Mode-locked High Peak Power Photonic Crystal
Carnegie Mellon Laser Svstems
University, USA y

35. Dr. Oliver Puncken, The RRCAT | 31/12/2013 | Pre-Stabilized Laser System for the Advanced-

University of Texas at
Brownsville, USA,

LIGO Detector
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36. Dr. D. R. M. Samudraiah, | RRCAT | 01/08/2014 | Remote Sensor Technologies- Challenges in
ISRO, Ahmedabad Electro-optical Sensors Development
37. | Mr. Rakesh Kaul, RRCAT, | RRCAT | 26/02/2014 | A Study onVacuum Brazing of Niobium-
Stainless Steel Transition Joint for Application in
Indore . i
Superconducting Cavities
38. Prof. Sunanda Banerjee, . .
SINP, Kolkata IOP 27/05/2013 | New Particle at the Large Hadron Collider
Professor K. Sridhar,
39. | Tata Institute of 1op NRQCD -- How effective a theory of
P
Fundam.ental Research, 12/08/2013 charmonium is it?
Mumbai
40. Ar. Shakti Nanda, BBSR 1op 02/09/2013 Jour.ney of a photographer through the green
corridors of motherland
41. Prqf. Ha.ns H-(-)fs.ass, Dot and ripple patterns - self organized-ion
University Gottingen, 0P 1 18/10/2013 | induced impurity triggered
Germany purity trigg
Dr. Vipin K. Yadav
,Planetary Science
Branch (PSB) , Space . . .
42. Physics Laboratory (SPL op Mangalyaan - Indian Mars Orbiter Mission
,Vikram Sarabhai Space
2/12/201
Centre (VSSC), 02/12/2013
Thiruvananthapuram
Dr. Ayan
Mukhopadhyay,
43, Postdoctoral Applications of the holographic
Researcher, CPHT Ecole 0P correspondence
" 10/12/2013 P
Polytechnique
and IPHT CEA-Saclay
44, Professor Carla Farsi, "Group Actions: a Bridge between Geometry,
University of Colorado HRI 30/04/2013 Algebra and Analysis"
45, Professor Kaushal " . . "
Verma, lISc Bangalore HRI 27/04/2013 Introduction to complex dynamical systems
46. | Prof Adimurthi, TIFR HRI | 17/04/2013 EV Izt;ifétr?ss:r::til;nas folricgiir;]:ttc:;ncjggg:rl\fgtjiln
CAM, Bangalore a " PP
laws
47. | ProtAdimurthi TR || 0/002015 | Cquations and e applcetion ta Cancervation
CAM, Bangalore g " PP
laws
o | pothdmati i ||y |y i et ()
CAM, Bangalore g " PP
laws
. . 'Viscosity Solutions for Hamilton Jacobi (HJ)
49. | Prof Adimurthi, TIFR HRI 29/04/2013 | Equations and its application to Conservation

CAM, Bangalore

laws"
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50. Dr. Sachin Sharma HRI HRI 01-05-2013 The t—anallog of the basic itrmg function for
twisted affine Lie algebras
51. Pro.fess?r Carla Farsi, HRI 02-05-2013 Orblfold a.\nd Non--Orbifold Algebras of certain
University of Colorado Hamiltonian
59 Prof Adimurthi, TIFR Vlscos.|ty Solut|9ns for.Har.nllton Jacobi (HJ.)
HRI 02-05-2013 | Equations and its application to Conservation
CAM, Bangalore
laws
53, Prof Adimurthi, TIFR HRI Vlscos.|ty Solut|9ns for.Har.nllton Jacobi (HJ.)
05-03-2013 | Equations and its application to Conservation
CAM, Bangalore
laws
54, Professor S. Eswara Rao, HRI 28/5/2013 Classification of irreducible, integrable modules
TIFR Mumbai for the full toroidal Lie algebras
55. Prqfessc.)r TD Br.owmng, HRI 07/10/2013 A new pqunomlal sieve and equal sums of like
University of Bristol polynomials
Dr. Makoto Minamide
’ H H A A i
56. Kyoto Sangyo HRI 26/09/2013 On the integral S\int_{0}*{x}\frac{t*{n}}{\sin
L t}dtS
University, Kyoto
57. Prof. S. M. Srivastava, HRI 02/1%2013 A Solution of Hilbert’s Seventeenth Problem -
ISI, Kolkata 03/12/2013 Applications of Logic to Algebra and Geometry
53 Prof. Shrawan Kumar, HRI "Hermitian eigenvalue problem and its
) University of North 12/12/2013 | generalization to any semisimple group: A
Carolina survey"
Prof. Carlo M. Scoppola,
59. . . A HRI " "
University of L'Aquila, 13/12/2013 Pro-p groups
Italy
Prof. P. I . )
60. Vanchinathan,VIT HRI 24/01/2014 ACh||ri1Ce:t<aioF{n<esTa|nder Theorem: Some
University, Chennai PP
Prof. Mahan Mj,Ram " . . - "
61. Krishna Vivekanand HRI 27/01/2014 Low dlmen5|onal projective groups" (IMS
. . Colloquium)
University, Belur
62 Prof. P. HRI "Ramanujan and his Spirituality According to
" | Vanchinathan,VIT 28/01/2014 | O ) P Y &
University, Chennai g
63 Prof. P. HRI "Chinese Remainder Theorem: Some
" | Vanchinathan,VIT 29/01/2014 Aoplications” )
University, Chennai PP
64. Prof. Silvio Dolfi, Italy HRI 14/02/2014 .C'haracter d"egrees and conjugacy class sizes of
finite groups
65. Prof. Ramesh HRI 04/03/2014 | Algebraic Cycles and the Fundamental Group.
Sreekantan
66. Richard Garavuso HRI 09/04/2013 Deformed matchal—qunlen forms in A-twisted
(0,2) landau-ginzburg models
67. Vikram Vyas HRI 16/04/2013 Heavy-Quark potential: Shadows of five

dimensions.
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68.

HRI

The Ground State Quantum fidelity; and

Amit Dutta 25/04/2013 | . . e 1t
indicator of quantum criticality
69. Rakibur Rahman HRI 03/07/2013 | Holographic Constraints On A Vector Boson
70. N HRI . . .
Roji Pius 23/07/2013 | Simplest Gauge String Duality
71. . HRI .
Abhishek Chowdhury 24/07/2013 | Black Hole Bound State Metamorphosis
72. Swapnamay Mondal HRI 24/07/2013 Black Hole State c.ountlng and supersymmetric
guantum mechanics.
73. Mehendi Masud HRI 26/07/2013 Study of leferent dfetector cc?nflguratlons in
long base line neutrino experiment (LBNE).
74 Matan Field HRI 30/07/2013 | Low-Energy Effective actions from Holography
75 HRI Spacetime emergence via holographic RG flow
" | Ayan Mukhopadhyay 05/08/2013 | from incompressible Navier-stokes at the
horizon.
76 HRI Generalized landu-Silln theory and Boltzmann-
" | Ayan Mukhopadhyay 06/08/2013 | Vlasov equations for semi-holographic non-
Fermi liquids.
77. Arnub Rudra HRI 07/08/2013 Degene_ratlon of two loop superstring
scattering amplitude.
78. HRI . . . .
Arunabha Saha 08/08/2013 | Black Holes in 3D higher Spin gravity.
79. Masahide Manabe HRI 21/08/2013 Str!ngy Instanton Counting and Topological
Strings.
80. Yoshinori Honma HRI 22/08/2013 Kahlt?r Potential for (super) Calabi-Yau
Manifold.
81. HRI . - . .
Swapnamay Mondal 05/09/2013 | Extinguishing Fire at the event horizon!
82. . L HRI . .
Siddarth Dwivedi 10/09/2013 | Forward and inverse algorithms.
83. . ) HRI Right-handed sneutrino Dark Matter and the
Arindam Chatterjee 27/09/2013 135 GeV $\gammas ray line
84. . L HRI -
Siddarth Dwivedi 01/10/2013 | Brance Tiling.
85. . . HRI .
Millind Shyani 05/10/2013 | 2D Blackholes and the Information Problem.
86. Deepak Tiwari HRI 01/11/2013 :rl\ll%lrect searches of Dark Matter signatures at
87 HRI Analogues of Mathai-Quillen forms in Sheaf
" | Richard Garavuso 12/11/2013 | cohomology and applications to topological
field theory.
88. HRI . - . .
Bobby Ezhuthachan 26/11/2013 | Giant gravitions in AdS4\times S7/Z_k
89. Ambresh Shivaji HRI 28/11/2013 The effects of top-Higgs anomalous coupling in

double Higgs production
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90. Trilochan Bagarti HRI 03/12/2013 On s.pm Transport and The Trapping of classical
particles
91. N HRI T .
Roji Pius 05/12/2013 | Mass Renormalization in String Theory
92. Adeline Crépieux HRI 16/12/2013 .Current.ﬂuctuatlons and thermoelectricity in
interacting/coupled nano-systems.
9. P.S. Burada HRI 17/12/2013 | Passive and active transport.
94. Mireille Lavagna HRI 17/12/2013 Interact.lr?g guantum .d.ots under
nonequilibrium condition.
95. Brajesh Gupt HRI 14/01/2014 Non-smgular AdS-dS transitions in a landscape
scenario.
96. Kaustubh Deshpanday HRI 14/01/2014 Holograph|c Schwinger effect and critical
electric field strength.
97. Sovan Chakraborty HRI 16/01/2014 !Drobmg Lorentz |nyar|ance violation with the
iceCube PeV neutrinos.
98. Arijit Saha HRI 20/01/2014 Transpf)rt Signatures of fractional fermions in
nanowires.
99. HRI . .
Deepak Dhar 21/01/2014 | Understanding 1/f noise.
100 - HRI L .
Vatsal Dwivedi 22/01/2014 | A kinetic Theory approach to Gauge anomalies.
101 Arjun Menon HRI 22/01/2014 Searching for neutral Higgs bosons in non-
standard channels.
102 - HRI Spontaneous R-parity and/or CP violation in
Katri Huitu 30/01/2014 NMSSM with right handed neutrinos.
103 . HRI . .
Mariana Frank 03/02/2014 | Charginos and Neutralinos beyond MSSM.
104 HRI
0 Durga Prasad Roy 10/02/2014 | Why LHC?
105 . HRI . . - L
Abhishek Sadhukhan 11/02/2014 | Semiclassical folded spinning string in AdS_3.
106 . HRI . N .
Masazumi Honda 12/02/2014 | Higgs branch localization of 3-D N=2 theories.
107 Durga Prasad Roy HRI 13/02/2014 Determlnatlor? of the.thlr.d mixing angle
theta_13 and its implications.
108 Durga Prasad Roy HRI 18/02/2014 Phenomenology of non-universal Gaugino mass
models.
109 Ashiwin 5. Panday HRI 20/02/2014 KK-MomopoIes: A study using topological T-
Duality.
110 HRI Phase structure of the large N Chern-Simons
Tomohisa Takimi 25/02/2014 | matter theories in the fundamental
representation on S*2 times SM1.
111 HRI .
Arpan Bhattacharya 26/02/2014 | Holographic entanglement entropy.
112 Sven Krippendorf HRI 03/03/2014 Phenomenology with D-branes at singularities

in type IIB string compactifications.
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113 Ram Lal Awasthi HRI 06/03/2014 Beyond S.t?md.ard Model Physms: A non-SUSY
grand unification perspective.
114 Sachin Jain HRI 21/03/2014 Scattering in Chern simons theories with
fundamental matter.
K Vijay Kumar,
115 | Max PIar?ck Institute for IMSc 08/04/2013 The cell cortex : A thin film of active matter
the Physics of Complex
Systems, Germany
- . Extremal Horizons with Reduced Symmetry :
116 | Nilanjan Sircar
TIFR, Mumbai IMSc 10/04/2013 | Towards Novel Phases of Nature
Representation-theoretic approach to ADG
117 | Kamalakshya Mahatab IMSc 10/04/2013 | problem
IMSc
I . Extremal Horizons with Reduced
118 N|IanJan. Sircar, TIFR, IMSc 12/04/2013 | Symmetry:Novel Phases of Nature
Mumbai
The t-analogue of string functions for the affine
119 | Sachin Sharma, IMSC & 15/04/2013 | Kac-Moody algebras.
IMSc
HRI
120 | V sasidevan, TIFR, 15/04/2013 Stochastic strategies in Minority game
i IMSc
Mumbai
Uday Bhaskar Sharma .
121 | IMsc 17/04/2013 Gabriel’s Theorem
IMSc
122 | V Sasidevan, TIFR, IMS 18/04/2013 | A Continuum Percolation Problem
Mumbai ¢
123 | Barath Coleppa, IMS 19/04/2013 | Constraining Models With Strong Top-Quark
University of Arizona ¢ Dynamics
124 | G. Arunkumar, IMSc IMSc 24/04/2013 | Wedderburn’s theorem
125 | Ekata Saha, IMSc IMSc 24/04/2013 | Hilbert’s Nullstellensatz
126 | Priyamvad Srivastav, 24/04/2013 | The Frobenius Density Theorem
IMSc
IMSc
127 | P. A. Narayanan, IMSc IMSc 24/04/2013 | Choquet Theorem
128 | Kesab Chandra Bakshi, IMS 24/04/2013 | Hausdorff measure and its elementary
IMSc ¢ properties
129 | Venkata Raghu Tej IMSc 24/04/2013 | Brauer Induction Theorem

Pantangi, IMSc
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130 | Biswajyoti Saha, IMSc IMSc 24/04/2013 | Dimension in finitely generated k-algebra
131 | Sohan Lal Sahni, IMSc IMSc 24/04/2013 | Analytic set and Souslin’s Theorem
132 | Nidhish Unnikrishnan, 24/04/2013 | Cardinal and Ordinal Invariants in Topology
IMSc . . .
IMSc with reference to Dimension Theory
133 | Uday Bhaskar Sharma, 25/04/2013 | Gabriel’s Theorem
IMSc
IMSc
134 | Madhusree Basu, IMSc IMSc 02/05/2013 | Continuous Minmax Theorems
135 | Krishnan Rajkumar, IMS 02/05/2013 | PhD Thesis Defense
SNU, Delhi ¢
136 | Tapas Chatterjee, IMSc IMSc 04/05/2013 | Ph.D Thesis defense talk
137 | Samrat Bhowmick, 19/06/2013 | Anisotropic branes
. . IMSc
Institute of Physics,
138 | Wilberd van der Kallen, 19/06/2013 | Cohomological finite generation
. o IMSc
Universiteit Utrecht
139 | N.S.Vidhyadhiraja, 20/06/2013 Non-Fermi liquid behaviour due to Disorder in
JNCASR, Bangalore IMSc correlated Fermi liquids
140 | Rishi Vyas, University of 20/06/2013 Introductory homological algebra
’ IMSc
Cambridge
141 | Krishnendu Sengupta, 21/06/2013 | Dynamics of the Bose-Hubbard model
IMSc
IACS, Kolkata
147 | Wilberd van der Kallen, 21/06/2013 | Cohomological finite generation
Universiteit Utrecht IMSc
143 | T.S. Subramanian, The 21/06/2013 | Discoveries from Khirsara - a new Indus Valley
. IMSc o .
Hindu site in Gujarat
144 | Rishi Vyas, University of IMS 21/06/2013 | Introductory homological algebra Il
Cambridge ¢
J. Maharana, Institute of T-duality of NSR superstring
145 Physics and NISER, IMSc 24/06/2013
Bhubaneswar
146 Wilberd van der Kallen, 24/06/2013 Cohomological finite generation
Universiteit Utrecht IMSc
147 | Rishi Vyas, University of IMS 24/06/2013 | Introductory homological algebra Ill: Spectral
Cambridge ¢ sequences
convener, CMI IMSc
Debajyoti Sarkar, City Black Hole formation at the Correspondence
149 University of New York, IMSc 26/06/2013 | point

NY, USA
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150 | Wilberd van der Kallen, 27/06/2013 | Cohomological finite generation
Universiteit Utrecht IMSc

151 Jayalal Sarma, IIT 28/06/2013 Arithmetic Circuit Lower Bounds via Partial
Madras IMSc Derivatives Matrix

152 K N Raghavan: 28/06/2013 Comological finite generation
convener, IMSc IMSc
P. Ravindran, Central Multifunctional oxides: Design and

153 | university of Tamil IMSc 03/07/2013 | development from first principle calculations
Nadu, Thiruvarur

154 | Wilberd van der Kallen, 03/07/2013 | Cohomological finite generation
Universiteit Utrecht IMSc
Informal discussion . L .

Cohomological finite generation

155 | (convener: K. N. Msc | 04/07/2013 s &
Raghavan) IMSc

156 | Wilberd van der Kallen, 05/07/2013 | Cohomological finite generation
Universiteit Utrecht IMSc

157 | Sankardeep Chakaborty, IMSc 08/07/2013 | Topics in Correlation Bounds
IMSc

158 | Wilberd van der Kallen, 08/07/2013 | Cohomological finite generation
Universiteit Utrecht IMSc

159 | Travis Scrimshaw,UC 08/07/2013 Introduction to Sage
Davis IMSc
Wilberd van der Cohomological finite generation

160 Kallen,Universiteit IMSc 09/07/2013
Utrecht

161 | Anil Shukla,IMSc IMSc 10/07/2013 | Resolution Proof Systems

162 | Kajari Mazumdar.TIFR IMSc 10/07/2013 | What next at the LHC?

163 | Ram Murty,Queen’s 11/07/2013 The Twin Prime Problem (apres Yitang Zhang)
University IMSc

164 R. Venkatesh, TIFR, 11/07/2013 Unique Factorization Of Tensor Products For
Mumbai IMSc Kac-Moody Algebras

165 | Uma Sankar, IIT Mumbai IMSc 12/07/2013 | Expectations from NovA

166 | Wilberd van der Kallen. 12/07/2013 | Cohomological finite generation
Universiteit Utrecht IMSc

167 | Travis Scrimshaw, UC 12/07/2013 | Crystals and Rigged Configurations
Davis IMSc
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T Prasad, Ahalia School

Variations of Weyl type theorems and

168 | of Engineering and IMSc 15/07/2013 hypercyclic/supercyclic operators
Technology, Palakkad
169 | Travis Scrimshaw,UC 15/07/2013 | Introduction to Sage
Davis IMSc
170 | Ram Murty,Queen’s 16/07/2013 | The Goldston-Pintz-Yildirim Theorem
University IMSc
171 Travis Scrimshaw, UC 17/07/2013 Introduction to Sage (part two)
Davis IMSc
Kamalakshya Mahatab Consequences of Failure of Chinese Remainder
172 | and Kannappan IMS 17/07/2013 | Theorem in the Ring of Polynomials over
Sampath IMSc, ISI ¢ Integers
Bangalore
173 | Ram Murty,Queen’s 18/07/2013 | Zhang’s Theorem
University IMSc
174 | Travis Scrimshaw,UC 19/07/2013 | Introduction to Sage (part three)
Davis IMSc
Kamalakshya Mahatab Consequences of Failure of Chinese Remainder
175 | and Kannappan IMSc 19/07/2013 | Theorem in the Ring of Polynomials over
Bangalore
176 Michael Griffin,Emroy 22/07/2013 Weierstrass Mock Modular Forms and Elliptic
University IMSc Curves
177 | Travis Scrimshaw, UC 22/07/2013 Introduction to Sage (part four)
Davis IMSc
Anuradha Introduction to Quasicrystals and Quantum
178 Jagannathan,University IMSc 23/07/2013 Models
of Paris 11, Orsay,France
179 Michael Griffin, Emory 23/07/2013 Mock modular forms
University IMSc
180 | M-S.Raghunathan,IIT 24/07/2013 | Lie Groups
Mumbai IMSc
181 | M. S. Raghunathan,IIT 25/07/2013 | Lie Groups
Mumbai IMSc
182 | Travis Scrimshaw,UC 26/07/2013 | Introduction to k-Schur functions
Davis IMSc
M.S. Raghunathan,IIT ‘
183 ’ 26/07/2013 | Lie Groups
Mumbai IMSc

52




Parameterized Graph Separation Problems:

184 | M. S. Ramanujan,IMSc 29/07/2013
IMSc New Techniques and Algorithms
185 | Rajarshi Pal, IMSc 01/08/2013 Optimal teleportation fidelity of a generic qubit
IMSc channel

AP

186 | Balachandran,Syracuse IMSc 02/08/2013 | Edge States: Topological Insulators,
University Superconductors

187 | Kamalakshya 02/08/2013 | Counting Irreducibles in Group Semirings of
Mahatab,IMSc IMSc 2/2Z and 2/32

188 | C. P. Anilkumar, IMSc IMSc 05/08/2013 | Ring of Integers in the biquadratic extension
Anupam Kundu, LPTMS, Exact distributions of the number of distinct

183 University of Paris-SUD, IMSc 07/08/2013 and common sites visited by N independent
Orsay random walkers
Parimala Raman,

190 | Department of 07/08/2013 | Period-index questions for function fields

. IMSc

Mathematics CS Emory
University

191 Debtosh Chowdhury, 07/08/2013 Three roads to SUSY: Impact of direct and
CHEP, IISc, Bangalore IMSc indirect searches

192 Karteek Sreenivasaiah, 08/08/2013 | Small depth proof systems
IMSc IMSc

193 A.I\./I.M..Pruisken, 12/08/2013 Friend or Foe ? The quantum criticality
University of IMSc observed in the quantum Hall regime
Amsterdam

194 | V.S. Sunder, IMSc IMSc 13/08/2013 | About the Horn Conjecture

195 Matthew Lunde, UC 13/08/2013 Representation theory of quantum (loop)
Riverside IMSc algebras
S. Arulmozhiraja, ) ) ,

196 Bharathiar University, IMSc 13/08/2013 | Is Density Functional Theory Inadequates
Coimbatore
E. C. G. Sudarshan and

197 Mark, Selover, Univ. of IMSc 14/08/2013 | CPT Theorem
Texas at Austin

198 | ¢ R Parthasarathy, ISI IMSc 14/08/2013 | Gaussian states and their symmetry group
Delhi

199 | Matthew Lunde, UC 14/08/2013 Representation theory of quantum (loop)
Riverside IMSc

algebras
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K R Parthasarathy, ISI

200 16/08/2013
Delhi IMSc Gaussian states and their symmetry (part 2)
201 22/08/2013 | Complexity reading group
Nitin Saurabh IMSc
.. Efimov-like states and conformational
202 | Jaya Maji, IMSc IMSc 23/08/2013 transitions of DNA
203 | Amritanshu Prasad, 23/08/2013 | Extensions and orbits of finite abelian groups
IMSc IMSc
K R Parthasarathy, ) )
204 | |ndian Statistical IMSc 23/08/2013 | Gaussian states and their symmetry — Il
Institute, New Delhi
Ayan Mukhopadhyay, i i
205 | | o 23/08/2013 Spacetime emer‘gence from holographic RG
Ecole Polytechnique, IMSc flow and the fluid-gravity correspondence
France
Manoj Verma, Post .
206 Doctoral Fellow, IMSc IMSc 29/08/2013 | Circle Method
207 M. Praveen, Labri, U. 30/08/2013 Reasoning about data repetitions with counter
Bordeaux-1 IMSc systems
208 | AL parameswaran, | | 30/0g/2013 | O the Beometry ofregular maps from a quasi-
TIFR, Mumbai proJ
Kamal Bardhan, Saha Universal Scaling in Disordered Systems: tale of
209 | institute of Nuclear IMSc 02/05/2013 nonlinearity exponents
Physics, Kolkata
H icB i ionin 1+1
210 | Pinaki Banerjee, IMSc 03/09/2013 | Holographic Brownian motion in 1+
IMSc Dimensions
211 Event Cz‘anceled, TIFR, 04/09/2013 Ge‘ometrically frustrated magnetism among
Mumbai IMSc spin-chain systems
212 | K N Raghavan, IMSc 04/09/2013 Seml—lnvarlants of quivers and the saturation
IMSc conjecture
. £ qui .
213 | KN Raghavan, IMSc 05/09/2013 Seml invariants of quivers and the saturation
IMSc conjecture Il
Dhriti Ranjan Dolai, .
214 IMSC Chennai IMSc 05/09/2013 | Random Operator Seminar
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215 Manoj Verma, Post IMSc 05/09/2013 | Circle Method
Doctoral Fellow, IMSc
_ Orbit of Pairs in Finite Modules over Discrete
216 | C.P. Anilkumar, IMSc IMSc 06/09/2013 Valuation Rings and Permutation
Representations
217 | B. Ramakrishnan, HRI IMSc 06/09/2013 | Jacobi forms of weight two and restriction map
A.J. Parameswaran, Picard bundles and Brill-Noether loci in the
218 TIFR, Mumbai IMSc 10/05/2013 compactified jacobian of a nodal curve
Anirban Mukhopadhyay, Twin prime conjecture
219 IMSc IMSc 10/09/2013
Debraj Roy, SN Bose ‘Trivial Symmetries’ in models of gravity
220 | National Centre for IMSc 11/09/2013
Basic Sciences
221 | K N Raghavan, IMSc 11/09/2013 Seml—lnvarlants of quivers and the saturation
IMSc conjecture
222 | R. Chandrashekar, IMSC 12/09/2013 Statlstlf:al Mec.hanlcs F)ase.:d on generalized
IMSc entropies and its applications
Prof S Kotani, Kwansei o
223 Gakuin University, IMSc 12/09/2013 | On the limit set of KdV flows
Sanda, Japan
Arijit Roy, Laufer Center
for Physical and A method for calculating conversion free-
224 | Quantitative Biology, 16/09/2013 ) & .
. ; IMSc energies between protein conformations
Stony Brook University,
Stony Brook, NY 11794-
5252
Jainendra Jain, Penn. Composite Fermions: The Magical Beauty of
225 State Univ., USA IMSc 16/09/2013 Emergence
226 | G. Baskaran, IMSc. IMSc 17/09/2013 | Is Silicene a Carbon Copy of Graphene?
Anirban Mukhopadhyay, .
227 IMSc IMSc 17/09/2013 | Bounded gaps between primes
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Ramamohan Paturi,

228 University of Calofornia, IMSc 17/09/2013 | Exact Complexity and Satisfiability
San Diego
229 | R. Shankar, IMSc IMSc 18/09/2013 | The Story of Climate Change
Orbits of Pairs in Finite Modules over Discrete
230 Anilkumar C. P., IMSc IMSc 18/09/2013 Valuation Rings and Permutation
Representations
Manoj Verma, Post .
231 Doctoral Fellow, IMSc IMSc 19/09/2013 | Circle Method
K R Balakrishnan,
232 | Director, Cardiac 19/09/2013 | Artificial Heart: Current Options
. . IMSc
Sciences, Malar Fortis
Hospital, Chennai
N Minami, Keio .
233 University IMSc 19/09/2013 | The Stochastic Airy Operators
Siddarth Parameswaran, . o
234 | Univ. California, IMSc 20/09/2013 | Fractionalization from Crystallography
Berkeley
235 Amritanshu Prasad, 20/09/2013 S|m|Iar|tY classes'modulo p2 and pairs of
IMSc IMSc commuting matrices
B P Ajith Kumar, IUAC, .
236 New Delhi IMSc 21/09/2013 | Make your computer a science lab
Siddarth Parameswaran, ) o
237 | Univ. California, IMSc 23/09/2013 | A Typology for Toplological Liquids
Berkeley
Anirban Mukhopadhyay, Bounded gaps between primes
238 IMSc IMSc 24/09/2013
239 | R. Srinivasan, CMI IMSc 24/09/2013 | EO - semigroups on factors
LO types common to a Borel-de Siebenthal
240 | Pampa Paul, IMSc IMSc 25/09/2013 discrete series and its associated holomorphic
discrete series
241 lPlslrslzhugopal Bikram, IMSc 26/09/2013 | Extendability of endomorphisms of factors
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B.V. Rajarama Bhat, ISI,

242 Bangalore IMSc 26/09/2013 | Nilpotent completely positive maps
_ Modeling spatial patterns of spread of Dengue
243 | Shivakumar Jolad, IIT IMSc 27/09/2013 with Human and Vector Mobility
Gandhinagar
244 | T. Geetha, IMSc IMSc 27/09/2013 | The Structure Constants of the Schur Algebra
Indrakshi Raycoudhary, Prepotential Formulation of Lattice Gauge
245 IMSc IMSc 01/10/2013 Theories
246 | R. Srinivasan, CMI IMSc 01/10/2013 EO -semigroups on factors-Il
Sushant Raut, Physical Synergies between neutrino oscillation
247 Research Laboratory IMSc 03/10/2013 experiments: Economizing future facilities
Prabha Mandayam, Incompatibility and complementarity in
248 IMSc IMSc 03/10/2013 guantum information theory
249 Senthamarai Kannan, 04/10/2013 Aut.omorphlsm group of a smooth Schubert
CMI IMSc variety
Graphic interpretation of structure constants of
2 T. ha, IM 4/10/201
>0 Geetha, IMSc IMSc 04/10/2013 the Schur algebra
Ramesh Sreekantan
251 ISI Bangalore IMSc 08/10/2013 Higher Chow cycles on Abelian Surfaces
Peter Fiebig Modular representations of algebraic groups
252 FAU, Erlangen- IMSc 09/10/2013
Nuernberg
Primal infon logic: proof theory and efficient
2 10/10/201
53 | spsuresh, cmI, msc | 10/10/2013 14 idability
Chennai
254 | Manoj Verma, IMSc 10/10/2013 Representation of Integers by a Family of Cubic
IMSc Forms
Peter Fiebig, FAU,
255 Erlangen-Nuernberg IMSc 15/10/2013 Modular representations of algebraic groups
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256 | R. Srinivasan, CMI IMSc 15/10/2013 EO - semigroups on factors-Il|
Gyan Prakash, Harish-
257 | chandra Research IMSc 15/10/2013 | Roth’s theorem in primes and its generalisation
Institute
Peter Fiebig, FAU,
258 Erlangen-Nuernberg IMSc 17/10/2013 Modular representations of algebraic groups
Yashonidhi Pandey, Brauer group of moduli of torsors under
2 17/10/201
>9 IISER, Mohali IMSc /10/2013 parahoric group scheme G over a curve
Bobby Ezhuthachan, ) ) .
260 Vivekananda University, IMSc 18/10/2013 | Giant gravitons in AdS4 x S7/Zk
Belur
Kamalakshya Mahatab, Nonnegative Solutions of Linear Diophantine
261 IMSc IMSc 18/10/2013 Equations-1
Modular representations of algebraic groups
262 Peter Fiebig, FAU, IMSc 18/10/2013
Erlangen-Nuernberg
Maneesh Thakur, ISI,
263 Delhi IMSc 22/10/2013 The Kneser-Tits problem
Why Study Pulsars: They Are Awesome
264 Manjari Bagchi, ICTS, IMSc 23/10/2013
Banagalore
Twisted conjugacy classes in lattices in
265 | T. Mubeena, IMSc IMSc 23/10/2013 semisimple Lie groups
Gyan Prakash, Harish- Roth’s theorem in primes and its generalisation
266 Chandra Research IMSc 23/10/2013
Institute
267 Manjari Bagchi, ICTS, 24/10/2013 Binary Radio Pulsars: Prospects and Problems
Bangalore IMSc
Maneesh Thakur, ISI The Kneser-Tits problem
268 Delhi IMSc 24/10/2013
Gyan Prakash, Harish- Roth’s theorem in primes and its generalisation
263 | Chandra Research IMSc 24/10/2013

Institute
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Arvind Ayyer, lISc,

Markov chains based on Jeu de Taquin

270 Bengaluru IMSc 24/10/2013
Yanjing Wang, Peking An epistemic logical perspective on
271 | University, Beijing, 24/10/2013 | interpretations of extensive gameswith
. . IMSc . . .
China and ISI-Chennai imperfect information
Centre
279 Arvind Ayyer, |ISc, 25/10/2013 Two Species Semipermeable Exclusion
Bangalore IMSc Processes
Gyan Prakash, Harish- Roth’s theorem in primes and its generalisation
273 | Chandra Research IMSc 26/10/2013
Institute
274 | R. Ganesh, IFW, Dresden IMSc 30/10/2013 | Polar Superconductivity in Ti Se2
Classifying domains in Cn by their
275 | G.P. Balakumar. IMSc 31/10/2013 automorphism group: a short survey and a case
’ IMSc study of domains with
abelian automorphism group
276 | Arghya Mondal, IMSc IMSc 01/11/2013 | Hirzebruch’s Proportionality Principle
277 | Anirban Mukhopadhyay, 01/11/2013 Polynomial Freiman-Ruzsa Conjecture
IMSc
IMSc
Biplob Bhattacherjee, Supersymmetry and dark matter search:
278 | Kavli IPMU, University of IMSc 05/11/2013 prospects and challenges
Tokyo
Amitabh Virmani, Non-supersymmetric Mircostates of the MSW
279 | |nstitute of Physics, IMSc 06/11/2013 System
Bhubaneswar
280 Sayan Bhattacharya, 07/11/2013
Max Planck Institute, IMSc Price of Anarchy, Auctions and Approximations
Germany
281 | T. Geetha, IMSc IMSc 07/11/2013 | Schur-Weyl dualities and diagram algebras
Anirban Mukhopadhyay, . . .
282 IMSc IMSc 08/11/2013 | Polynomial Freiman-Ruzsa Conjecture
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J. Hurtubise, McGill

283 University, Montreal, IMSc 12/11/2013 | Moduli spaces
Canada
Amitabh Virmani, .
284 Institute of Physics, IMSc 14/11/2013 | Inverse Scattering and the Geroch group
Bhubaneswar
Kaushal Verma, 1ISc, .
285 Bangalore IMSc 14/11/2013 | Quadrature domains - a survey
286 J. I-!urtuplse, McGill 14/11/2013 Moduli and gauge theory on complex curves
University, Montreal. IMSc
Rukmini Kumar, Vantage . L .
287 Research IMSc 15/11/2013 | Mathematical modeling in pharmaceutical R D
Amritanshu Prasad, ., - . .
288 IMSc IMSc 15/11/2013 | Frobenius’s Characteristic Function Explained
. Counseling Psychologist based in Chennai
289 | Ms Priya Ramesh IMSc 15/11/2013 Counselor in Campus
J. Hurtubise, McGill )
290 University, Montreal, IMSc 18/11/2013 | Moduli and gauge theory on complex surfaces
Canada
291 J. Hurtubise, McGill 20/11/2013 | Moduli and maps of complex curves
University, Montreal, IMSc
Canada
292 Karam Deo 21/11/2013 | Jacobiforms of weight 2 and restriction ma
Shankhadhar, IMSc IMSc g P
Christian Schubert,
Institute for Physics and string-inspired calculation techniques in
2 21/11/201
93 Mathematics, IMSc /11/2013 guantum field theory
Michoacan University,
Ciudad Universitaria,
J. Hurtubise, McGill Infinite dimensional aspects of moduli of curves
294 University, Montreal, IMSc 22/11/2013
Canada
M. Ram Murty, Queen’s Indra’s Pearls
295 University IMSc 26/11/2013
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Sayantani
Bhattacharyya,

296 27/11/2013 | Fluid Dynamics and Gravity
Ramkrishna Mission, IMSc
Vivekananda University
Rishi Raj, Dept. of Old and New on the Moduli Spaces of Local
297 | Mathematics, Yale IMSc 28/11/2013 | systems on Surfaces
University
i Bistability in Biology: Signature, Origin and
298 Say:?\ntarl Ghosh, Bose 28/11/2013 c
Institute, Kolkata IMSc onsequences
J. Pasupathy, CHEP, IISC, .
2 28/11/201 B B B
99 Bangalore IMSc 8/11/2013 ose, Bosons and the Higgs Boson
Sayantani Partition Function and Entropy current in
300 | Bhattacharyya, IMS 29/11/2013 | Hydrodynamics
Ramkrishna Mission ¢
Vivekananda University
Amritanshu Prasad, Counting Conjugacy Classes of Tuples of
301 IMSc IMSc 29/11/2013 Commuting Elements in a Finite Group
Phase Transitions in an Open-Boundary
302 Himani Sachdeva, TIFR, IMSc 04/12/2013 Aggregation-Fragmentation Model
Mumbai
Hans-Peter Schlickewei. The Subspace Theorem in Diophantine
303 | University of Marburg, IMSc 05/12/2013 Approximation
Germany
BCS Theory and the Standard Model of Particle
304 J.PASUPATHY, CHEP, 05/12/2013 o
lISc, Bangalore IMSc Physics
Ashutosh Rai, IMSc, Polynomial Kernels for Lambda-extendible
305 Chennai IMSc 05/12/2013 Properties Parameterized above the Poljak-
Turzk Bound
P Sekhar Burada, _ .
306 University of Gottingen, IMSc 10/12/2013 | Passive and active transport
Germany
Partha Mukhopadhyay,
307 IMSc IMSc 11/12/2013 Bound configurations, strings and tubular
geometry
Sanjoy Sarker, Quantum Lattice (Gauge) order connecting
11/12/201
308 University of Alabama IMSc /12/2013 High Tc Superconductivity in Cuprates to Mott

insulators
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Tensor network states beyond the entropic

309 | Glen Evenbly, Caltech IMSc 12/12/2013 area law
Samit Bhattacharyya, Oscillations in Biological Populations: Theory
310 Pennsylvania State IMSc 16/12/2013 and Models
University
Vijay Ganesh, University SAT and SMT solvers for software engineering
11 20/12/201
3 of Waterloo, Canada IMSc 0/12/2013 and security
K B Sinha, JNSCR
312 Bangaluru IMSc 23/12/2013 Trace formula in two variables
K. B. Sinha, JNCASR
1 ! ! 26/12/201 - i
313 Bangaluru IMSc 6/12/2013 | Stopped CCR-flows and Isometric Cocycles
inai i Cone theta functions, volumes of spherical
314 Sinai RObII‘?S, Nan.yang. 01/01/2014 _ : p _
Technological University | IMSc polytopes, and their relations to classical theta
functions
Hans van Ditmarsch,
315 | LORIA (CNRS - University 02/01/2014 | Refinement modal logic
. IMSc
of Lorraine) and IMSc
(associate)
J. Maharana, Institute of . . .
316 Physics, Bhubaneswar IMSc 03/01/2014 | T-duality and scattering of stringy states
Areejit Samal, ICTP, Reconstruction and systems analysis of plant
317 Trieste, Italy IMSc 03/01/2014 | (o)l wall deconstruction network in filamentous
fungus
Ashivni Shekhawat )
318 | Material Science and 06/01/2014 Wh?t hasfractl.Jr.egot tc.)dOWIth magnets and the
. . IMSc liquid-vapor critical point?
Engineering, UC
Berkeley.
Martin Bojowald, Effective space (-time) in canonical quantum
319 | Institute for Gravitation 07/01/2014 | gravity
and the Cosmos, Univ. IMSc
of Penn., USA
Ram Gopal Introduction of Tik: Einsteins Real Biggest
320 | Vishwakarma, 08/01/2014 | Blunder?
. . IMSc
Universidad Autnoma
de Zacatecas, Mexico
Yuri Bilu, University of . R . .
321 Bordeaux IMSc 09/01/2014 | Effective methods in Diophantine Analysis
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Supravat Dey,

Short range interaction from long-range

322 | yniversita’ di Roma La IMSc 10/01/2014 correlation in flocks of birds
Sapienza,
Dhriti Ranjan Dolai, Spectral statistic for Anderson model with
2 10/01/2014
323 IMSc IMSc 0/01/20 decaying random potential
Amritanshu Prasad, Abacus Proofs of Schur Function Identities
324 IMSc IMSc 10/01/2014 (Following Nicholas A. Loehr)
Rajsekar Manokaran, . - .
325 KTH Sweden IMSc 13/01/2014 | Invariance Principle and Unique Games
326 Yuri Bilu, University of 14/01/2014 Effective methods in Diophantine Analysis
Bordeaux IMSc
Professor Barbara . . .
327 Fantechi, CMI, VISITOR IMSc 14/01/2014 | Anintroduction to Intersection Theory
Rajsekar Manokaran . . . .
328 KTH Sweden IMSc 15/01/2014 | Approximation hardness using Unique Games
Rohit Parikh, City Regular Sets, Well Partial Orders and Levels of
329 University of New York, IMSc 17/01/2014 Knowledge
USA.
] Characterization of Rational Triangles in the
330 | Anil Kumar C P, IMSc IMSc 17/01/2014 plane
331 | Arijeet Samal IMSc 17/01/2014 | Metabolic Networks
332 | s. sundar, CMI 21/01/2014 Groupoids associated to Semigroup actions
IMSc
Shivam, St Xevier’s . .
333 school Ahmedabad IMSc 21/01/2014 | Computing some integrals
334 | S. Srinivasa Rao IMSc 21/01/2014 | Alphabet friendly FM index
Groupoids associated to Semigroup actions
335 | S.Sundar, CMI IMSc 23/01/2014 (Reloaded)
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Ben Elias, Categorical actions of Coxeter groups and braid
336 Massachussets Institute IMSc 23/01/2014 groups
of Technology
337 Mansi Dhuria, IIT 24/01/2014 Aspects of D3/D7 mu-split Supersymmetry
Roorkee IMSc
Yuri Bilu, University of . R . .
338 Bordeaux IMSc 24/01/2014 | Effective methods in Diophantine Analysis
Arjun Menon, University -
339 of Oregon IMSc 24/01/2014 | SUSY in light of the 8 TeV LHC
Amritanshu Prasad, .
340 IMSc IMSc 24/01/2014 | Character Tables of Alternating Groups
Prateep Chakraborty,
341 IMSc IMSc 24/01/2014 | Stable Homotopy and Spectra
Samir Mathur, Ohio . . .
342 State University IMSc 27/01/2014 | Nag Memorial Lecture: technical seminar 1/3
Suratna Das, Astronomy
343 and Astrophysics IMSc 27/01/2014 | CSL a.s a plaus?b.le mechfmism.for quantum to
Division. TIFR. Mumbai classical transition of primordial perturbations
Samir Mathur, Ohio . ) . .
344 State University IMSc 28/01/2014 | Nag Memorial Lecture: technical seminar 2/3
345 | s. sundar, CMI 28/01/2014 Group0|c'is associated to Semigroup actions
IMSc (Revolutions)
Samir Mathur, Ohio . i . .
346 State University IMSc 29/01/2014 | Nag Memorial Lecture: technical seminar 3/3
Prof. Yuri Bilu, Universit . L . .
347 de Bordeaux IMSc 29/01/2014 | Effective methods in Diophantine Analysis
Ueli Grossniklaus, Theoretical and Experimental Approaches to
348 | Institute of Plant 29/01/2014 | Study Cell Specification in the Embryo Sac of
. . . IMSc . . .
Biology, University of Arabidopsis thaliana
Zurich
Arjun Menon, University Searching for neutral Higgs bosons in non-
349 of Oregon IMSc 30/01/2014 standard channels
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Prof. Samir Mathur,

Informal discussion on fuzzballs

350 Ohio-State University IMSc 30/01/2014
Nivedita Chatterjee, Neuroscience (part of Biology-2 course of Comp
351 | vision Research IMSc 30/01/2014 Bio)
Foundation, Chennai
Samir Mathur, Ohio .
352 State University IMSc 31/01/2014 | Nag Memorial Lecture
Ben Elias, ) )
353 | Massachussets Institute IMSc 31/01/2014 | Soergel bimodules and Kazhdan-Lusztig theory
of Technology
Ben Elias, The new homological algebra: p-complexes and
4 . 1/01/201
35 Massachussets Institute IMSc 31/01/2014 categorification at roots of unity
of Technology
Arijit Saha, University of Transport signatures of Fractional Fermions in
355 Basel, Klingelbergstrasse | |MSc 03/02/2014 Nanowires
82, Switzerland
Ben Elias, . .
356 | Massachussets Insitute IMSc 03/02/2014 | Soergel bimodules and Kazhdan-Lusztig theory
of Technology
357 \ét;l;ld?;l:XUmversny of IMSc 04/02/2014 | Effective methods in Diophantine Analysis
lan Munro, University of Succinct Data Structures for representing
358 Waterloo, Canada imse | 04/02/2014 | equivalence classes
Sudhakar Yarlagadda, An analysis of the extremely anisotropic next-
359 SINP, Kolkata IMSc 04/02/2014 nearest-neighbour Heisenberg Model
) Crossed Products of Hopf algebras, the Drinfeld
360 | Sandipan De, IMSc IMSc 04/02/2014 Double construction and a Duality Theorem
. New Physics effects and Hadronic form factor
361 Rahul Sinha, IMSc IMSc 05/02/2014 uncertainties in B | K82
362 | B. Ravinder, IMSc IMSc 07/02/2014 | Current algebras and their Representations
363 :)I_rl_a?(\g/::)tyro“ Phukon, IMSc 10/02/2014 | R charged black holes and holographic optics
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Sudipto Paul

BCS Instability and Finite Temperature

364 Chowdhary, IMSc IMSc 11/02/2014 Corrections to Tachyon Mass in Intersecting D1-
Branes
Swastik Bhattacharya, Einstein Equation from Thermodynamics: A
365 IMSc IMSc 12/02/2014 Generalisation
Mukund Thattai, NCBS The watchmaker’s apprentice: building a
366 Bangalore IMSc 12/02/2014 synthetic genetic oscillator with parts borrowed
from nature
367 | G Arunkumar, IMSc IMSc 12/02/2014 | The Weyl Character Formula
Population fluctuations, non-equilibrium flows
368 | Somdeb Ghose, IMSc IMSc 14/02/2014 and instabilities in some model systems.
M. Muthukumar, Menagerie of Viruses: Organizing Principles of
369 University of IMSc 17/02/2014 Virus Assembly
Massachusetts, Amherst
Patrick Nicholson, Max Deterministic schemes for membership in the
370 | planck Institute, IMSc 17/02/2014 bitprobe model
Germany
Denis Benois, University
371 of Bordeaux IMSc 18/02/2014 | Iwasawa theory
High Scale Mixing Unification for Dirac
372 | Saurabh Gupta, IMSc IMSc 18/02/2014 Neutrinos
Yash Raj Shrestha, The complexity of disjoint Pi-vertex deletion
373 University of Saarland, IMSc 18/02/2014
Germany
374 | G. Arun Kumar, IMSc IMSc 19/02/2014 | The Weyl Character Formula
Santosh Ansumali, Lattice Based Computing: Role of Symmetry
375 JNCASR IMSc 21/02/2014 and Structures
Kamalakshya Mahatab, . . . .
376 IMSc IMSc 21/02/2014 | Rough Numbers in Arithmetic Progressions
Biswajit Paul, SNBNCBS, . . o .
377 Kolkata IMSc 24/02/2014 | Gauge Symmetries In higher derivative theories
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Mridupawan Deka,

”Proton Spin Crisis” and A Lattice Study of

378 BLTP, Joint Institute of IMSc 25/02/2014 Quark Gluon Angular Momenta Contributions
Nuclear Reasearch,
Zodinmawia, Indian Knot invariants from Chern-Simons theory and
373 | |nstitute of Technology, IMSc 26/02/2014 Knot homology
Mumbai
Ramray Bhat, Life Key themes on the development and evolution
380 | Sciences Division, 26/02/2014 | of mesenchymal morphogenesis and patterning
Lawrence Berkeley IMSc
National Laboratory
381 Can Baskent, LORIA, 27/02/2014 Game semantics and non-classical logics
Nancy, France IMSc
Fabien Schang, Moscow . .
2 27/02/201
38 State University, Russia IMSc 7/02/2014 | Alogic for Tetris
383 | Indira Mishra, IMSc IMSc 27/02/2014 | C-semigroups and almost periodic solution
384 | Abhishek lyer, 1ISc IMSc 28/02/2014 | How to hide lepton number violation
Ramkarthik Seshadri, Two studies on Quantum Entanglement:
385 IIT-Madras IMSc 28/02/2014 Optimal Mixtures and Dimerization in the
Majumdar-Ghosh Model
Uday Bhaskar Sharma, Counting Simultaneous Similarity Classes of
386 IMSc IMSc 28/02/2014 Commuting Matrix Tuples
Varuni Prabhakar, PhD, The dynamics of age in populations of
387 New York University IMSc 03/03/2014 Saccharomyces cerevisiae
Ravin Bhatt, Princeton The Anderson Model of Localization: Has the
388 University and Institute IMSc 04/03/2014 fat lady sung yet?
of Advanced Study,
Vikas Bansal, Pacific Prospects of Leptoquark discovery with ATLAS
389 | Northwest National Lab, IMSc 06/03/2014 at the LHC
us
390 | Shreedevi Masuti, IMSc IMSc 07/03/2014 | Rees Theorem
Chandrajit Lahiri, IMSc, . . - .
391 Chennai IMSc 07/03/2014 | Disease Complexity - A Bird’s Eye View
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Uday Bhaskar Sharma,

Counting Conjugacy Classes of Tuples of

392 IMSc IMSc 07/03/2014 Commuting Elements in a Finite Group
D. Yogeswaran, Central limit theorems for some random
393 Technion, Israel IMSc 10/03/2014 | simplicial complexes
394 | R. Srinivasan, CMI IMSc 13/03/2014 | Many CCR flows
Ronny Thomale, Institut
395 fr 'I.'heoret|..<>cr.u.e Physik 1, 17/03/2014 | The Quest of the Kagome Hubbard Model
Julius-Maximilians IMSc
Universitt Wrzburg,
Germany
Preeda ) ]
396 Patcharamaneepakorn, IMSc 18/03/2014 | Travelling Front of a Decaying Brane
JNU
Leelavati Narlikar, Characterizing the heterogeneity in high-
397 National Chemical IMSc 19/03/2014 throughput sequencing data to understand
Laboratory, Pune transcriptional regulation
Stars in M theory (made up of intersecting
398 | S. Kalyana Rama, IMSc IMSc 19/03/2014 branes)
399 | Saibal Ganguli, IMSc 20/03/2014 | Mckay correspondence and almost complex
IMSc structures on quasitoric orbifolds
ago | Fierre Fima, University 21/03/2014 | Graphs of Quantum Groups and K-Amenabilit
of Paris IMSc P P y
. Sri On the detection of the imprints of primordial
401 L. Sriramkumar, IIT 21/03/2014 nec
Madras IMSc gravitational waves on the CMB by BICEP2
402 Pierre Fima, University 24/03/2014 | Graphs of Quantum Groups and K-Amenabilit
of Paris IMSc P P y
403 | Vijay Ravikumar, TIFR 24/03/2014 | The Cohomology Ring of the Complex
IMSc Grassmannian
404 Pierre Fima, University 25/03/2014 | Graphs of Quantum Groups and K-Amenabilit
of Paris IMSc P P y
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405 | Vijay Ravikumar, TIFR 25/03/2014 Triple Inter§ect|on Formulas for Isotropic
IMSc Grassmannians
406 | Pierre Fima, University IMSc 26/03/2014 | Graphs of Quantum Groups and K-Amenability
of Paris
A.P. Dimri, JNU, New Role of the Himalaya in defining Indian
407 Delhi IMSc 27/03/2014 Weather and Climate
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Composition of the Bodies of the Institute
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Management of the Institute

Academic Report 2013-14

The Council of Management is the principal organ for the management of the Institute. All

academic issues are handled by an Academic Council which functions on the advice of the

Board of Studies. There is a Board of Studies for every discipline as follows.

e Chemical Sciences (C)

e Engineering Sciences (E)

e Health Sciences (H)

e Life Sciences (L)

e Mathematical Sciences (M)
e Physical Sciences (P)

e Strategic Studies (S)

H LIPS

d

BARC [C
IGCAR [€
RRCAT [E
=
L
E

VECC

SINP
IPR

IoP €]

HRI
TMC H

IMSc .E

~||e||ol|o| —|im|m

L | )
o

O
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To manage the affairs of the Institute at the
level of Constituent Institutions (Cls), each Cl
has one or more Deans-Academic and a
university cell. Cls have also established a
robust framework for admission, evaluation of
performance and monitoring the progress of

research by the students.



Advisory Committee

Dr. R. K. Sinha, Chairman, AEC Chairman

Prof. R. B. Grover Member
Director, HBNI

Dr. S. Basu Member
Director, BARC

Prof. P. R. Vasudeva Rao Member
Director, IGCAR

Prof. P.D.Gupta Member
Director, RRCAT

Prof. Dinesh Srivastava Member
Director, VECC

Prof. D. Bora Member
Director, IPR
Prof. M.K.Sanyal Member

Director, SINP

Prof. R. A. Badwe Member
Director, TMC

Prof. R. Balasubramanian Member
Director, IMSc

Prof. M. Barma Member
Director, TIFR

Prof. T.K. Chandrashekar /V. Chandrashekar Member
Director, NISER

Prof. J. K. Bhattacharjee Member
Director, HRI

Prof. A.M. Jayannabar/ Ajit Srivastava /

Sudhakar Panda Member

Director, loP

Prof. B.K. Dutta Member-Secretary
Dean, HBNI
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Board of Studies of HBNI

Physical Sciences

1.

Prof. Dinesh Srivastava Convener
Variable Energy Cyclotron Centre

2. Prof. C.S.Sundar
Indira Gandhi Centre for Atomic Research
3. Prof.S Ganesh
Institute of Plasma Research
4. Prof. Ajit Srivastava
Institute of Physics
5. Prof. P.K.Gupta
Raja Ramanna Centre for Advanced Technology
6. Prof. Pinaki Majumdar
Harish-Chandra Research Institute
7. Prof. P. Mitra
Saha Institute of Nuclear Physics
8. Prof. Ramesh Anishetty
Institute of Mathematical Sciences
9. Prof. B.N.Jagtap
Bhabha Atomic Research Centre
10. Prof. S L Chaplot
Bhabha Atomic Research Centre
Chemical Sciences
1. Prof. K. L. Ramakumar Convener
Bhabha Atomic Research Centre
2. Prof. A. V. R. Reddy
Bhabha Atomic Research Centre
3. Prof. A. Goswami
Bhabha Atomic Research Centre
4. Prof. Swapan Ghosh (upto 30.09.2013)
Bhabha Atomic Research Centre
5. Prof. V. Ganesan
Indira Gandhi Centre for Atomic Research
6. Prof. K. Nagarajan
Indira Gandhi Centre for Atomic Research
7. Prof. V.KJain
Bhabha Atomic Research Centre
8. Prof. A. Srinivasan
Head, School of Chemistry, NISER (IOP)
9. Prof.S. Chattopadhyaya

Bhabha Atomic Research Centre
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Life Sciences

1.

Prof. S.K. Apte

Bhabha Atomic Research Centre

Prof. (Mrs.) S. Chiplunkar

Advanced Centre for Treatment, Research
& Education in Cancer (ACTREC)

Prof. Rita Mulherkar

Advanced Centre for Treatment, Research
& Education in Cancer (ACTREC)

Prof. S. P Kale

Bhabha Atomic Research Centre

Prof. J.R. Bandekar

Bhabha Atomic Research Centre

Prof. A.K.Sharma

Bhabha Atomic Research Centre

Prof. B. J. Rao

Tata Institute of Fundamental Research
Prof. Dipak Dasgupta

Saha Institute of Nuclear Physics

Engineering Sciences

10.

Prof. P.K. Vijayan
Bhabha Atomic Research Centre
Prof. G. K. Dey
Bhabha Atomic Research Centre
Prof. R. C. Hubli
Bhabha Atomic Research Centre
Prof. T. Jayakumar
Indira Gandhi Centre for Atomic Research
Prof. B. K. Dutta
Bhabha Atomic Research Centre
Prof. A.P. Tiwari
Bhabha Atomic Research Centre
Prof. Kamachi Mudali
Indira Gandhi Centre for Atomic Research
Prof. Kallol Roy
Bhabha Atomic Research Centre
Prof. P. V. Varde
Bhabha Atomic Research Centre
Prof. D. N. Badodkar
Bhabha Atomic Research Centre
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Convener

Convener



Mathematical Sciences

1. Prof.R. Ramanujam Convener
Institute of Mathematical Sciences
2. Prof. Amritanshu Prasad
Institute of Mathematical Sciences
3. Prof. B. Ramakrishnan
Harish-Chandra Research Institute
4. Prof. C.S.Sunder
Institute of Mathematical Sciences
5. Prof. N. Raghavendra
Harish-Chandra Research Institute
6. Prof. R.C.Cowsik
Mumbai University
7. Prof. Murali Srinivasan
Indian Institute of Technology-Bombay
8. Prof. Madhavan Mukund
Chennai Mathematics Institute
9. Prof. Muruganandam

NISER
Strategic Studies
1. Prof. K.L. Ramakumar Convener

Bhabha Atomic Research Centre
2. Dr. A.K. Kohli

Board of Radiation and Isotope Technology
3. Prof. R. B. Grover

Director HBNI
4. Dr.B.B. Singh

Ex-BARC and Scientific Advisor, High Court Mumbai
5. Prof. Rangan Banerjee

Indian Institute of Technology-Bombay
6. Prof. M. Sai Baba

Indira Gandhi Centre for Atomic Research
7. Dr.J. Kumar

Legal Adviser, DAE
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Health Sciences

1. Prof.K.S.Sharma Convener
Tata Memorial Centre, Mumbai
2. Prof. D. D. Deshpande
Tata Memorial Hospital, Mumbai
3. Prof. K. B. Sainis
Bhabha Atomic Research Centre, Mumbai
4. Prof. S. K. Srivastava
Tata Memorial Hospital, Mumbai
5. Dr. H. B. Tongaonkar/ P.S. Yadav
Tata Memorial Hospital, Mumbai
6. Dr.S. B. Banavali
Tata Memorial Hospital
7. Prof. N. A. Jambekar
Tata Memorial Hospital, Mumbai
8. Prof. Shubhangi Parkar
KEM Hospital, Mumbai
9. Prof. Avinash Supe
LTMG Hospital, Mumbai
10. Prof. M. G. R. Rajan
Radiation Medicine Centre, Mumbai

Officers of the Institute

Academic

Prof. R.B. Grover Director

Prof. B.K. Dutta Dean

Prof. D. K. Maity Associate Dean (w.e.f. 01.08.2013)
Dr. R. P. Patel Associate Dean (up to 31.07.2013)

Administrative and Accounts

Shri A. Ramaiah Finance Officer (up to 31.07.2013)
Shri Himanshu Shankar Finance Officer (w.e.f. 01.08.2013)
Ms. B. Lata Administrative Officer

Shri Yellapan / H K Pal Accounts Officer
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BARC

Prof. S.K. Apte

Prof. G.K. Dey

Prof. B. N. Jagatap
Prof. Swapan K. Ghosh
Prof. B. S. Tomar

IGCAR

Prof. V. Ganesan
Prof. B.V.R. Tata
Prof. T. Jayakumar

RRCAT
Prof. S.B.Roy

VECC

Prof. Jane Alam
Prof. D. Sarkar

HRI

Prof. Pinaki Majumdar

IMSc

Prof. Vijay Kodiyalam
Prof. Ghanashyam Date
Prof. Gautam Menon

loP

Prof. Ajit Srivastava

loP-NISER

Prof. V. Muruganandam

IPR
Prof.S. Mukherjee

SINP
Prof. P. Mitra

TMC
Prof. K. S. Sharma

Deans-Academic at the Cls

Life Sciences (Coordinating Dean at BARC for HBNI)
Engineering Sciences

Physical Sciences

Chemical Sciences (upto 30.09.2013)

Chemical Sciences (w.e.f. 01.10.2013)

Chemical Sciences
Physical Sciences
Engineering Science

Physical Sciences
Engineering Sciences

Mathematical Sciences
Physical Sciences
Life Sciences
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BARC Standing Committees

Physical Sciences & Mathematical Sciences

1. Dr.S.L Chaplot Chairman
2. Dr.S. M. Sharma Member

3. Dr.V. M. Datar Member

4. Dr. Satish Gupta Member

5. Dr. K. C. Mittal Member

6. Dr. P.D. Krishnani Member

7. Dr. N.K. Sahoo Member

8. Dr. D.N.Sharma Member

9. Dr. Amar Sinha Member

10. Dr. Vinod Kumar Member

11. Dr. B. N. Jagatap Convener
Chemical Sciences

1. Dr. K.L. Ramakumar Chairman
2. Dr. B. N.Jagatap Member

3. Dr.S.K. Aggarwal Member

4. Dr. A. K. Goswami Member

5. Dr. D. K. Palit Member

6. Dr. AV R Reddy Member

7. Dr. S. Chattopadhyay Member

8. Dr. B.S. Tomar Member

9. Dr. L. Vashney Member

10. Dr. S. Velumurugan Member

11. Dr. (Smt.) Sharmila Banerjee Member

12. Dr. V. K. Jain Convener
Life Sciences

1. Dr.S. K. Apte Chairman
2. Dr. A.K.Sharma Member

3. Dr. M. G.R. Rajan Member

4, Dr. J.R. Bandekar Member

5. Dr. S.P.Kale Member

6. Dr. N.Jawali Member

7. Dr.(Smt.) Hema Rajaram Convener
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Engineering Sciences & Strategic Studies

1. Dr.S. Banerjee Chairman
2. Dr. L. M. Gantayet Member
3. Dr. P.K. Tiwari Member
4. Dr.R. K. Singh Member
5. Dr. P. K. Vijayan Member
6. Dr.G. K. Dey Member
7. Dr.V.K.Suri Member
8. Dr.P.V.Varde Member
9. Dr.D. N. Badodkar Member
10. Dr. Kallol Roy Member
11. Dr. A. P. Tiwari Convener

Health Sciences

1. Dr. M. G.R. Rajan Chairman

2. Dr. PradeepkumarK.S. Member

3. Dr.R. M. Tripathy Member

4. Dr. (Smt.) Sharmila Banerjee Member

5. Dr.B. K. Sapra Member

6. Dr. M.S. Kulkarni Member

7. Dr. Biriajalaxmi Das Member

8. Dr.S.D.Sharma Member

9. Dr. Gaurav Malhorta Member

10. Dr. Sandip Basu Convener (DRM, DMRIT, MPhil,PhD)

11. Shri Appala Raju Babu Convener (DipRP)
RRCAT Standing Committee

1. Dr.P.D. Gupta Chairman

2. Dr.P.K. Gupta Member

3. Dr.L.M. Kukreja Member

4. Shri C.P. Navathe Member

5. Dr.G.S. Lodha Member

6. Dr.P.A.Naik Member

7. Dr.S.K.Deb Member

8. Dr.S.M.Oak Member

9. Shri P. R.Hannurkar Member

10. Dr. Arup Banerjee Member

11. Dr. A. Chowdhury Member

12. Dr.S. B. Roy Convener
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IGCAR Standing Committees

Physical Sciences

1. Dr.C.S. Sundar Chairman
2. Dr.A.K. Arora member

3. Dr. M.Vijialakshmi Member

4, Dr. B.Venkatraman Member

5. Dr. K. G. M. Nair Member

6. Dr. A.K. Tyagi Member

7. Dr.B.V.R.Tata Member

8. Dr. John Philip Member

9. Dr. N. Subramanian Member

10. Dr. R.S.Keshavamurthy Member

11. Dr. M. Sai Baba Member

12. Dr. G. Amarendra Convener
Chemical Sciences

1. Dr. K. Nagarajan Chairman
2. Dr.V. Ganesan Member

3. Dr. U. Kamachi Mudali Member

4. Dr.S. Anthonysamy Member

5. Dr. A. Bharathi Member

6. Dr. N. Sivaraman Member

7. Dr. C. Mallika Member

8. Dr.V.Jayaraman Member

9. Dr. M. Sai Baba Member

10. Dr. K.V.G. Kutty Convener
Engineering Sciences

1. Dr.T.Jayakumar Chairman
2. Dr.P. Chellapandi Member

3. Dr.S. Venugopal Member

4. Dr.AK. Bhaduri Member

5. Dr. U. Kamachi Mudali Member

6. Dr.C. Anand Babu Member

7. Dr. K. Velusami Member

8. Dr.B.P.C.Rao Member

9. Dr. B.K. Panigrahi Member

10. Dr. Saroja Sai Baba Member

11. Dr. K.Nagarajan Member

12. Dr. G. Sasikala Member

13. Dr. M. Sai Baba Convener
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Dr. D.K. Srivastava

Dr. Alok Chakrabarti
Dr. Y.P. Viyogi

Shri Subimal Saha

Dr. D Sarkar

Dr. Saila Bhattacharya
Shri Gautam Pal

Dr. S. R. Banerjee

Dr. A.K. Chaudhuri

. Dr. P.Barat

. Dr. V.S. Pandit

. Dr. Jane Alam

. Dr. Subhasis Chattopadhyay

. Dr. Tapan Kumar Nayak

. Dr. (Smt.) Paramita Mukherjee

Dr S Mukherjee

Dr S Sengupta

Dr D Raju

Dr R Srinivasan

Dr M Bandyopadhyay
Dr PK Atrey

Dr A Srivastava

VECC Standing Committee

(Convener, Engineering Sciences)

(Convener, Physical Sciences)

IPR Standing Committee

Chairman
Member
Member
Member
Member
Member
Member
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BARC

Chemical Sciences

Achary S.N.
Acharya R.
Achuthan P.V.
Agarwal Renu (Ms.)
Aggarwal S.K.
Ali SK. Musharaf
Alok Kumar Samanta
Anil Kumar Pabby
Arya Ashok Kumar
. Aswal D. K.
. Bandyopadhyay Tusar
. Banerjee A.(Ms.)
. Banerjee Sharmila (Ms.)
. Bharadwa. S.R. (Ms.)
. Bhardwaj Y.K.
. Bhasikuttan A.C.
. Bindal R.C.
. Chakraborty Sudipta (Ms.)
. Chandrakumar K.R.S.
. Chatterjee Suchandra (Ms.)
. Chattopadhyay A.
. Chattopadhyay Subrata
. Chaudhury Niharendu
. Chowdhury D.P.
. Das D.
. Das Tapas
. Das Tomi Nath
. Dash Smruti (Ms.)
. Dash Ashutosh
. Deo Mukul Narayan
. Dey Ghasiram
. Dey Sandip
. Dhanya S.
. Dutt G.B.
. Dutta Dimple (Ms.)
. Ganguly R.
. Ghanty Tapan Kumar
. Ghosh Asim Kumar
. Ghosh Hirendra Nath
. Ghosh Subir Kumar
. Ghosh Sunil K.
. Ghosh Swapan K.
. Goswami Madhumita (Ms.)
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44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

Goswami A.

Gupta Vinita Grover (Ms.)
Hassan P.A.

Jain V.K.

Jha S.K.

Kadam R.M.

Kannan S.

Kapoor Sudhir

Kaushik C.P.

Korde Aruna (Ms.)
Krishnamurthy Nagaiyar
Kshirsagar R.J.

Kumar Sangita D. (Ms.)
Kumar Virendra

Kumar Awadhesh

Kumar Sanjukta A. (Ms. )
Maity Dilip K.

Majumder C.

Manmohan Kumar

Meera Venkatesh (Ms.)
Mishra N.L.

Mishra R.

Mohanty Jyoti (Ms.)
Mohapatra Prasanta Kumar
Mukerjee S.K.
Mukhopadhyay Sulekha (Ms.)
Murali M.S.

Naik Devidas B.

Naik Prakash Dattatray
Naik Y. P.

Natarajan V.

Nath Sukhendu

Nayak A.K.

Nayak Sandip Kumar
Ningthoujam Raghumani Singh
Padmanabhan P.V.A.

Pai Mrinal (Ms. )

Pal Haridas

Palit Dipak K.

Pandey A.K.

Pandit Gauri G. (Ms.)
Parida S.C.

Pathak P.N.

Patra Chandra Nath
Pradeep Kumar
Priyadarsini K. Indira (Ms. )
Pujari Pradeep Kumar
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92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.

Raje Naina (Ms.)
Ramachandran V.
Ramakumar K.L.
Ramamoorthy N.
Ramkumar Jayashree ( Ms.)
Rangarajan S.

Ravi P.M.

Ray A.K.

Reddy A.V. R.

Roy Mainak

Sali S.K.

Samanta S.K.

Sanjiv Kumar

Sasikala R. (Ms. )
Sawant Ramesh Mahadeo
Sawant Shilpa N. (Ms.)
Sharma Anubha
Shashikala K.
Shrivastav Ritu M. (Ms.)
Singh Ajay K.

Singh Dhruva Kumar
Singhal Anshu (Ms.)
Singhal Rakesh Kumar
Sodaye Hemant S.
Sodaye Suparna (Ms. )
Sreenivas T.
Srinivasan M.P.
Sudarsan V.

Sunil Jai Kumar

Sunil Sabharwal Sunil
SunnyFabby ( Ms. )
Tomar B.S.

Tripathi A.K.

Tripathi R.M.

Tripathi S.C.

Tyagi A.K.

Varshney Lalit

Vatsa R.K.
Velmurugan S.

Verma Rakesh

Engineering Sciences

PWNPRE

Awasthi Alok
Badodkar D.N.
Balasubramaniam R.
Banerjee S.
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Bhargava Kapilesh
Bhatia M.S.
Bhattacharjee Anup K.
Bidaye A. C.
Chakraborty S.P.
Chakravartty J.K.
Chakravarty Anindya
Chattopadhyay J.
Chaturvedi Shashank
Das Ramakrishna
Dey G.K.

Dutta B.K.
Dwarakanath T.A.
Gantayet L.M.
Gopalakrishnan Sugilal
Grover R.B.

Hubli R.C.

Kain Vivekanand
Kapoor Rajeev

Kar D.C.

Khan K.B.

Kumar U. Saravana
Mahata Tarasankar
Maheshwari N.K.
Mukhopadhyay Sulekha (Ms. )
Nayak Arun Kumar
Pal Sangita (Ms.)

Pal Prabir Kumar
Patankar V.H.
Prakash Deep
Prasad G.J.
Ravindranath S.V.G.
Reddy G.R.

Roy Debanik

Roy Kallol

Roy S. B. ( Ms.)

Saha Sandip

Samal M.K.

Satya Sai P.M.
Satyamurthi P.
Sharma Archana ( Ms.)
Singh Gursharan
Singh J.B.

Singh R.K.

Singh R.N.

Srivastava D.

Suri A. K.

Suri Vinod Kumar



53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

Taliyan S.S.

Tewari P.K.

Tewari R.

Tiwari A.P.

Topkar Anita V. (Ms.)
Tripathy P. K.

Varde Prabhakar V.
Vijayan P.K.
Vincent Tessy (Ms.)
Vinod Gopika (Ms.)
Vinod Kumar A.

Health Sciences

AwnN e

Basu Sandip
Malpani B.L.
Sharma Sunil Dutt
Sinha Gaurav

Life Sciences

LN U A WN PR
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Acharya Celin

Apte S.K.

Badigannavar Anand M.
Balakrishnan Sreedevi (Ms. )
Ballal Anand D.

Bandekar J.R.

Bhilwade H.N.

Das Birajalaxmi (Ms.)
Fulzele Devanand Pralhadrao

. Ganapathi T.R.

. Gautam Satyendra

. Ghosh Anu

. Gopalakrishnan Roja (Ms. )
. Jambhulkar Sanjay j.

. Jamdar S.N.

. Kale Sharad P.

. Kulkarni Savita ( Ms. )

. Kulkarni V.M.

. Kumar Mukesh

. Kumar S. Santosh

. Kumar Vinay

. Melo J.S.

. Misra Hari S.

. Mukherjee Prasun Kumar

. MukhopadhyayaRita ( Ms. )
. Nancharaiah Y.V.
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,

Pandey B.N

Patro Birija Sankar
Priyadarsini Indira (Ms.)
Rajan M.G.R.

Rajaram Hema (Ms.)
Rao Toleti Subba

Reddy Kandali S.

Saini Ajay

Shankar Bhavani S.
Sharma A.K.

Shashidhar R.
Souframanien
Subramanian Mahesh
Suchandra Chatterjee (Ms. )
Suprasanna P.

Variyar Prasad
Venugopalan V.P.

Physical Sciences

WO NV RAWDNE
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NOUROUNPOLONUAWNEDO

Ahmed Zafar

Aswal D.K.

Aswal V.K.

Auluck S.K.H.

Bakshi Ashok Kumar
Bandyopadhyay Tapas
Basu Saibal

Bera S.

Bhanumurthy Karanam
Bhattacharyya Dibyendu
Biswas Debabrata
Biswas Dhruba J.
Biswas Dipak Chandra
Chaplot S.L.

Chaturvedi Shashank
Chauhan A. K.

Chougaonkar Mohan Pandharinath

Chourasiya G.

Das Amitabh

Das Asoka Kumar

Dasgupta K.

Datar V.M.

Datta Debabrata

Debnath A.K.

Degwekar S.B.

Deo Mukul Narayan
Dev Vas



28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

Divakar Rao K.

Dutta Dipanwita (Ms.)
Gadkari Sanjay C.
Gaitonde D.M.

Ghorui Srikumar
Goswami B.K.

Gupta Anurag

Gupta N.K.

Gupta S.C.

Gupta Shiv Kumar
Jagatap B.N.

Jain Sudhir Ranjan

John Bency V.

Kannan Umasankari ( Ms. )
Karmakar Debjani ( Ms. )
Kaushik T.C.

Koul Dileep Kumar
Krishnani P.D.

Kulkarni Mukund S.
Kumar Mukesh

Kumar Suresh

kumar Vinay

Kshirsagar Mukul Narayan
Mahata Kripamay
Manohar K.G.

Mazumder Subasish
Mishra Adya Prasad
Mishra D.R.

Mitra A.K.

Mitra S.

Mittal Ranjan

Mohan Pant Lalit
Mohanty Ajit Kumar
Mukhopadhyay Ramaprasad
Murali Chitra (Ms.)
Nakhate S.G.

Nayak B.K.

Nilaya J. Padma (Ms.)
Patil D.S.

Pradhan S.

Rajarajan A.K.

Ramaniah Lavanya M. (Ms. )
Rannot R.C.

Rao P.M. (Ms.)

Rao Mala (Ms. )

Rao Turumella V. Chandrasekhar
Ravikumar G.
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75. Ray Aditi (Ms.)

76. Roy Bidyut Jyoti

77. Sahoo N.K.

78. SakuntalaT.

79. Sangeeta Ms.

80. Santra Satyaranjan
81. Sapra B.K.(Ms..)

82. Sastry P. Umamaheswara
83. Saxena Alok

84. Sekhar B.N. Raja

85. Selvam T. Palani

86. Sen Debasis

87. Sharma Surinder M.
88. Shrivastava Aradhana
89. Shukla Prashant

90. Singh Pitamber

91. Sinha Amar

92. Sinha Sucharita (Ms.)
93. Suryanarayana M.V.
94. Tickoo A.K.

95. Warrier Manoj Kumar

96. YusufS.M.
Strategic Studies
1. GroverR.B.

2.  Ramakumar K.L.
HRI

Physical Sciences

1. Basu Anirban

2. Bhattacharjee J.K.

3. Choubey Sandhya (Ms.)
4, Das Tapas Kumar

5. Datta Aseshkrishna
6. De Aditi Sen (Ms.)

7. Gandhi Raj

8. Gopakumar Rajesh

9. Jatkar Dileep P.

10. Maharana Anshuman
11. Majumdar Pinaki

12.  Mukhopadhyaya B.
13. Naik Satchidanada
14. Pai G. Venketeswara
15. Panda Sudhakar

16. Pareek T.P.



17. Pati Arun Kumar
18. Rai Santosh K.

19. Rao Sumathi (Ms.)
20. Ravindran V.

21. Sen Ashoke

22. Sen Prasenjit

23. Sen Ujjwal

Mathematical Sciences

Adhikari Sukumar Das
Batra Punita
Chakraborty Kalyan

Dey Rukmini
Kumar Manoj
Praksh Gyan
Raghavendra N.
Ramakrishnan B.
Ramana Surya
Ratnakumar P.K.

LN U A WN R
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Thangadurai R.
IGCAR

Chemical Sciences

1. Ananthasivan K.

2.  AnthonysamyS.

3. Antony M.P.

4. Ganesan Rajesh

5. GanesanV.

6. Gnanasekar K.I.

7. JayaramanV.

8. Jena Hrudananda

9. Joseph M.

10. Kutty K.V. Govindan

11. Mallika C. (Ms.)

12. Mudali U. Kamachi

13. Nagarajan K.

14. Narasimhan T.S. Lakshmi
15. Panigrahi Bhabani Shankar
16. PonrajuD.

17. Pujar M.G.

18. Rao P.R.Vasudeva

19. SaiBaba M.

Dalawat Chandan Singh

Shah Hemangi M. (Ms.)
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20. Satpathy K.K.
21. Sivaraman N.
22. Sundararajan K.

Engineering Sciences

1. Albert Shaju K.

2.  Bhaduri Arun K.

3. Chellapandi P.

4. JayakumarT.

5. Kumar Anish

6. LahaKinkar

7. Mathew M.D.

8. Moitra Aniruddha
9. Mudali U. Kamachi
10. Mukhopadhyay C.K.
11. MurugansS.

12. Parmeswaran P.

13. Ramachandran D.
14. Rao B. Purna Chandra
15. Saibaba Saroja (Ms. )
16. Sasikala G. (Ms.)
17. Sharma Anil Kumar
18. Srinivasan V.S.

19. Valsan M.

20. Velusamy K.

21. VenugopalS.

Physical Sciences

Amarendra G.
Amirthapandian S.
Bharathi A. (Ms. )
Bhaskaran R.
Chandra Sharat
Chandra Shekar N.V.
Dasgupta Arup
Dash Sitaram

Devan K.

Dhara Sandip Kumar
Govindraj R.

Janaki J.

Jose M. T.
Kamruddin M.
Mangamma G. (Ms.)
Mani Awadhesh

LoOoNOULRWDNE

el e el
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Mathews

Mathi Jaya S.

Panigrahi B.K.

Philip John

Raghavan Ms. G.
Rajaraman R.
Ramachandran Divakar
Ramaseshan R.
Ravindran Nithya (Ms.)
Ravindran T.R.

Sahu P.Ch.

Sairam T.N.

Sivakumar S.
Sivasubramanian V.
Sridharan V.

Srinivas C.V.
Subramanian N.
Sundar C.S.

Sundari S. Tripura (Ms.)
Sundravel B.

Tata B.V.R.

Tyagi Ashok Kumar
Venkatesan R.
Venkatraman B.
Vijayalakshmi M. ( Ms.)

IMSc

Mathematical Sciences

LN AEWDNE
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Arvind V.
Balasubramanian R.

Chakraborty Partha Sarathi

Chatterjee Pralay

Gun Sanoli (Ms.)

lyer Jaya N. (Ms. )

Kesavan S.

Kodiyalam

Krishna M.

Lodaya Kamal

Mahajan Meena (Ms.)

Mohari Anilesh
Mukhopadhyay Anirban
Nagaraj D.S.
Prasad Amritanshu
Raghavan K.N.
Raman V.
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18.
19.
20.
21.
22.
23.
24,
25.

Ramanujam R.

Sankaran Parameswaran
Sankaran Viswanath
Saurabh Saket

Sharma Vikram

Srinivas Kotyada
Subramanian C.R.
Sunder V.S.

Physical Sciences

L NOWULRAWDNPR
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Ashok Sujay
Adhikari Ronojoy
Anishetty Ramesh
Date Ghanashyam
Digal Sanatan

Ghosh Sibasish
Gopalakrishna Shrihari
Hassan Syed Raghib
Indumathi D. (Ms.)
Kaul Romesh

Laad Mukul S.
Menon Gautam |.
Mishra Ashok Kumar
Mukhopadhyay Partha
Nemani Venkata S.
Rajesh R.

Rama S. Kalyana
Ravindran V.

Ray Purusattam
Sathiapalan B.
Shankar R.
Siddharthan Rahul
Sinha Nita (Ms.)
Sinha Rahul

Sinha Sitabhra

Vemparala Satyavani (Ms. )

Life Sciences

Ealh i

Menon Gautam I.
Siddharthan Rahul
Sinha Sitabhra
Vemparala Satyavani (Ms.)
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Engineering Sciences
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Gupta S.B.
Mukherjee Subroto
Pathak Surya Kumar
Shyam Anurag
Tanna Vipulkumar L.

Physical Sciences
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WWWWWWNNRNNNNNNNNRREPRRERREPRRR R
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Awasthi Lalit Mohan
Bandopadhyay Mainak
Bandyopadhyay Pintu
Bora Dhiraj

Chandra Debasis

Chattopadhyay Asim Kumar

Chattopadhyay P.K.
Das Amita (Ms. )
Deshpande Shishir P.
Ganesh Rajaraman
Ghosh Joydeep

Jha Ratneshwar

Joshi Hem Chandra
Karkari Shantanu Kumar
Kaw P. K.

Khirwadkar Samir S.
Kulkarni Sanjay V.
Kumar Ajai

Kumar Vinay

Kundu Mrityunjay
Mohanty Smruti R.
Mukherjee Subroto
Pradhan Subrata
Raju Daniel
Ramasubramanian N.
Raole P.M.

Reddy D.Chenna
Saikia Bipul K

Sen A.

Sengupta Sudip
Sharma Pramod Kumar
Shyam Anurag

Singh Raghavendra
Srinivasa Rao C.V.
Srinivasan R.
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Physical Sciences
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Agarwalla Sanjib Kumar
Agrawal Pankaj
Bhattacharjee Somendra Mohan
Jayannavar A.M.
Mukherji Sudipta

Ota S.B.

Panda Sudhakar

Patra Suresh Kumar

Sahu P.K.

Satyam Parlapalli Venkata
Sekhar Biju R.

Som Tapobrata
Srivastava Ajit Mohan
Topwal Dinesh K.
Tripathy Goutam

Varma Shikha (Ms.)
Virmani Amitab

loP - NISER-

Chemical Sciences

LN AEWDNRE
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Barman Sudip

Behera Jogendra N.

Bhargava B.L.

Chandrasekhar T. K.

Chandrasekhar V.

Das Ritwick

Ghosh Arindam

Ghosh Subhadip

Gunanathan C.

Kar Sanjib

Krishnan V.
Lourderaj Upakarasamy
Mal Prasenijit
Nembenna S.
Peruncheralathan S.
Purohit Chandra S.
Sarkar Moloy
Sharma Nagendra K.
Srinivasan A.



Life Sciences

Acharya Rudresh

Aich Palok

Alone Debasmita P.
Alone Pankaj V.
Bhattacharyya Asima ( Ms.)
Chattopadhyay Subhasis
Chowdary T.K.

Dixit Manjusha (Ms. )
Goswami Chandan
Konkimalla V.S.B.
Mohapatra Harapriya
Panigrahi Kishore
Rahaman Abdur

Singru Praful S.

LN AEWN R
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Mathematical Sciences

Dalai Deepak Kumar
Jana Nabin Kumar
Karn Anil Kumar
Muruganandam V.
Parui Sanjay

Patra Kamal L.
Sahoo Binod Kumar
Sahu Brundaban

N WN PR

Physical Sciences

1. Anil Kumar A.V.

2. Basak Subhasish

3. Bedanta Subhankar
4. Benjamin Colin

5. Bhattacharjee Joydeep
6. Chandra V. Ravi

7. Das Ritwick

8. Gowdigere Chetan N.
9. Mal Prolay Kumar

10. Mohanty Bedangadas
11. Mohapatra Ashok

12. Sahoo Pratap Kumar
13. Samal Prasanijit

14. Senapati K.

15. Srivastava V. Ravi

16. Sumedha (Ms.)

17. Swain Sanjay Kumar

RRCAT

Chemical Sciences

1. Das Kaustuv
2. NandaD.

Engineering Sciences

1. Chatterjee Sanjib
2. PaulC.P.

3. Sharma Avnish K.
Life Sciences

1. Dube Alok
2. Sharma S. Mrinalini (Ms.)

Physical Sciences

1. Banerjee Arup

2. Bartwal K.S.

3. Bindra Kushvinder Singh
4. Chakeral.A.

5. Chakrabarti Aparna (Ms. )
6. Chari Rama (Ms.)

7. Chattopadhyay Maulindu Kumar
8. Dixit S.K.

9. Dixit V.K.

10. Ganguli Tapas

11. Ghosh Haranath

12. Gupta P.K.

13. Gupta Parshotam Dass
14. Gupta Surya Mohan

15. Ingale Alka (Ms.)

16. Joshi Mukesh

17. Karnal A.K.

18. Kukreja L.M.

19. Kumar Vinit

20. Kumar Shailendra

21. Lodha G.S.

22.  Majumder S.K.

23. Mishra Satya Ram

24.  Modi Mohammed Hussein
25.  Moorti Anand

26. Mukherjee C.

27. Mukhopadhyay P.K.

28. Naik Prasad Anant

29. Nayak Maheshwar



30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

SINP

Oak S.M.

Pal S. (Ms.)

Prakash Om

Rai V.N.
Ramakrishnan B.
Rawat H.S.

Roy Sindhunil Barman
Senecha V.K.

Sharma Avnish K.
Sharma Tarun Kumar
Singh Chandra Pal
Singh Manoranjan P.
Sinha A.K.

Srivastava Arvind Kumar
Tiwari Manoj Kumar
Tiwari Vidya Sagar

Chemical Sciences

e WN e

Basu Samita (Ms. )

De Amitabha

Hazra Montu

Lahiri Susanta

Mishra Padmaja Prasad

Life Sciences

WO NOULRWDNE
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Banerjee Rahul

Banerjee Subrata

Basak Soumen
Bhattacharyya Dhananjay
Bhattacharyya Nitai Pada
Biswas Sampa
Chakrabarti Abhijit
Chakrabarti Oishee

Das Chandrima

Dasgupta Dipak
Mukhopadhyay Debashis
Saha Partha

Sarkar Munna

Sen Udayaditya
Sengupta Kaushik

Physical Sciences

1.

Agrawal Bijay Kumar
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2.
3.
4.,
5.
6.
7.
8.
9.
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Bandyopadhyay Bilwadal
Bandyopadhyay Debades
Banerjee Sangam
Basu Abhik
Basu Chinmay
Basu Padmanava
Bhattacharjee P.
Bhattacharya Satyaki
Bhattacharyya G.
Bhattacharyya S.R.
Bhunia Satyaban
Chakrabarti Bikas Kanta
Chakrabarti Nikhil
Chakraborty Purushottam
Chattopadhyay S.
Chini Tapas Kumar
Das Atindra Nath
Das Debasish
Das Indranil
Das Mala
Datta Alokmay
De Asit K.
De Sankar
Dey Chandi Charan
Dutta Suchandra
Ganguly Bichitra (Ms.)
Ghosal A.
Ghosh Amit
Ghosh Debabrata
Goswami Ashimananda
Gupta KumarS.
Harindranath A.
Hazra Satyajit
Kundu Anjan
Kundu Srinanda
M.S. Janaki Dr. (Ms.)
Majumdar Debasish
Majumdar Nayana
Majumdar Pratik
Mallick Bireswar Basu
Mandal Prabhat K.
Mathews P.
Mazumdar Chandan
Menon Krishnakumar S.R.
Mitra P.
Mohanty Pradeep Kumar
Mukherjee Anjali (Ms.)



49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

Mukherjee Chandidas
Mukherjee Manabendra
Mukhopadhyay S.
Mustafa Munshi Golam
Nambissan P.M.G.
Nandy Maitreyee

Pal Barnana

Pal Polash B.

Podder Asok
Pramanik Ushasi Datta
Ranganathan R.

Roy Madhusudan

Roy Pradip Kumar

Roy Sibaji

Roy Subinit

Saha Satyajit

Sanyal Milan Kumar
Sarkar Maitreyee Saha
Sarkar Sandip

Sarkar Subir

Sekar lyengar A.N.
Sharan Manoj K.

Singh H.

Sinha Tinku
Yarlagadda Sudhakar

VECC

Chemical Sciences

1.

Sen Pintu

Engineering Sciences

1.
2.
3.

Mukherjee Paramita
Pal Sandip
Sarkar Debranjan

Physical Sciences
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Ahammed Zubayer
Bandyopadhyay S.K.
Banerjee Gayathri N.(Ms. )
Banerjee S.R.

Barat P.

Basu D.N.

Bhandari Rakesh Kumar

Bhattacharya Mishreyee (Ms.)

10.

11

31

Bhattacharya S.
Bhattacharyya Sarmishta

. Bhattcharya Chandana ( Ms)
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
. Ray A.
32.
33.
34.
35.
36.
37.

Bhowmick Debasis
Chakrabarti Alok
Chattopadhyay S.
Chaudhuri A.K.
Chaudhuri Gargi (Ms.)
Das Nishit Kumar

Das Parnika (Ms.)

De U.

Ghosh Premomoy
Ghosh Tilak Kumar
Jan-e-Alam

Karmakar Prasanta
Mohanty B.
Mukherjee Gopal
Mukhopadhyay Tapan
Naik Vaishali (Ms. )
Pal Santanu

Pandit Vijay Shanker
Rashid M.H.

Sanyal Dirtha
Sarkar S.

Sarma P.R.
Srivastava D.K.
Tapan Kumar Nayak
Viyogi Y.P.

T™C

Health Sciences
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12.

[any
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Agarwal J.P.
Agarwal Vandana (Ms.)
Agrawal A.R. (Ms.)
Alahari A.K. (Ms.)
Ambulkar Reshma
Amin Nayana (Ms.)
Arora Brijesh

Arya S. (Ms.)
Badwe R.A.

Bagal B.P.

Bajpai Jyoti (Ms.)
Bakshi G.K.

Bakshi S.G. (Ms.)



14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.

Bal M.M. (Ms.)
Banavali S.D.

Bhat Vivek G.
Bhosale S.J.

Biswas S.
Budrukkar (Ms.) A.N.
Chatterjee A.S. (Ms.)
Chaturvedi P.
Chaukar D.A.
Chavan Preeti
Chinnaswamy G.R.
Chopra Supriya
Dangi U.B. (Ms.)
D'cruz A.K.
Deodhar K.K.
Deodhar J.K. (Ms.)
Desai M.D. (Ms.)
Desai S.M.

Desai P.D. (Ms.)
Desai S.B. (Ms.)
Deshmukh A.D. (Ms.)
Dholam K.P. (Ms.)
Divatia J.V.

Doctor J.R.
Engineer R. (Ms.)
Gehdoo R.P.

Ghosh Jaya

Goel M.

Gota Vikram

Gujral S.

Gulia Ashish

Gulia Seema (Ms.)
Gupta Tejpal

Gupta Sudeep

Jain P.

Jain Hasmukh
Jaiswal D.

Jalali R.

Jambhekar N.A. (Ms.)
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Name . Sanjay Kumar

Enrolment No. . CHEMO01200904010
Constituent Institute :  Bhabha Atomic Research Centre, Mumbai
Title . Studies on Hydrogen Interaction with Vanadium and Vanadium-

Aluminium Alloys

Abstract

The present investigation begins with certain aspects of the process development of vanadium, its alloys
with Cr, Ti & Al and V-LaNis composite with reference to hydrogen solubility and sorption kinetics study.
Efforts were made for the synthesis of vanadium metal and its alloys, V-Al, V-Ti, V-Cr and V-Ti-Cr by
aluminothermy process followed by electron beam melting. The composite LaNis - 80wt% V was
prepared by vacuum are melting techniques using pure LaNis and vanadium. The experimentation with
process parameters for the improved percentage yield of aluminothermy was achieved. The
development of Sieverts apparatus with a high precision thermobalance was done to study the
equilibrium hydrogen solubility and sorption kinetics of metal hydrogen systems. Hydrogen solubility
and the hydrogen sorption kinetic results of the above mentioned materials would be explained by
various correlations such as Fermi energy theory, density functional theory, mechanical effects, grain
refinement and catalytic properties of additives.

Chapter 1 describes a brief introduction of the current hydrogen storage issues and the mechanism of
the hydrogen interaction of the solid materials. The brief history of vanadium metals and its importance
in the development as a structural and functional applications in advanced energy systems have been
illustrated. The outline of the thesis work is also presented in this chapter. Chapter 2 deals with the
review of recent literature on vanadium based hydrogen storage and permeation systems. The role of
vanadium as grain refinement and Laves phase formation in the various alloys and intermetallic as a
candidate hydrogen storage materials has been illustrated in detail. Chapters 3 describe the materials
and methods used in the investigation. Most of the materials have been synthesized by aluminothermy
using respective oxides followed by electron beam melting. Materials were also synthesized by vacuum
are melting using pure components for the comparative study. The details of the modified Sieverts
apparatus specially developed for this work was described. All the modern instrumental techniques
which have been used in the present investigation such as XRD, SEM-EDS, TEM, Ball Milling, DSC, AES,
ICPAES and XPS have been presented in detail. The Chapter 4 consists of four parts. The first sub-
section is based on the results of materials synthesis by aluminothermy process. Thermodynamic
feasibility of the aluminothermy reduction of Cr,0;, TiO, and V,0s has been computed and found that
though the aluminothermy reduction enthalpy of TiO, is not sufficient to sustain the reaction: its
reduction is possible along with Cr,03; and V,0s. The reduction Cr,03 and V,0s is highly exothermic
which is sufficient to make-up the shortfall of enthalpy of TiO, reduction by aluminum. Loading of Ti
into the vanadium matrix by aluminothermy process using their respective oxides is an innovative
outcome of the investigation. It was found that use of heat booster and slag fluidizers such as CaF,,
CaSiO; and CaO0 in aluminothermy process sufficiently improves the percentage yield of the process.
Second subsection explain the hydrogen solubility behavior of hydrogen of vanadium. The hydrogen
solubility of vanadium is accompanied substantial lattice expansion of vanadium. The hydrogen
solubility decreases with aluminum. The steps involved during the de-hydriding of VH, have been
studied using thermogravimetric (TG) and thermal analysis (DSC) technique and presented in the third
subsection of this chapter. It was found that aluminum sufficiently reduce the thermal stability of
vanadium hydride. Thermodynamic parameters such as enthalpy and enthalpy of vanadium-hydrogen
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solid solution has been described in the subsection fourth of this chapter. The effects of aluminum on
the thermodynamic parameters have been studied and correlated on the basis of Fermi energy theory.
The kinetics of hydrogen absorption of V-Al alloys, V-Ti-Cr and V-LaNis composite have been
investigated and presented in the same subsection. It was found that the hydrogen absorption
mechanism varied with the temperature and incubation time. The activation energy of hydrogen
absorption of vanadium increases with aluminum. Hydrogen absorption kinetics of LaNis-V composite
has also been studied. Lattice expansion of LaNis in the composite has been observed in X —ray analysis
which indicates the solid solution formation. The hydrogen absorption capacity and absorption kinetics
of the composite showed improvement as compared to LaNis. The improved Kinetics of the composite
has been related to change in lattices parameter, Fermi energy level and catalytic property of vanadium.
Te effects of vanadium on pulverization of composite after 20 hydriding-dehydriding cycle have also
been studied using scanning electron microscopy and found that the integrity of the composite had
shown improvements. In Chapter 5, a summary of the thesis has been given. Possible future work on
the basis of present thesis has also described in this chapter.

The candidate has done extensive and good quality work on materials synthesis and hydrogen
interaction of these materials. The investigation is direct focuses on the issues related to hydrogen
storage materials and was led good quality international publications. Therefore, | strongly recommend
that the thesis be accepted for the award of degree of Ph.D to Shri Sanjay Kumar.

Publications
Publications in International Journals from the Ph.D work

1. Sanjay Kumar and N Krishnamurthy Synthesis of V-Ti-Cr alloys by aluminothermy co-reduction of its
oxide International Journal of Processing and Application of Ceramics 2011,;5(4):181-6.

2. Sanjay Kumar, M Taxak, N Krishnamurthy, A K Suri and GP Tiwari Terminal solid solubility of
hydrogen in V-Al solid solution International Journal of Refractory Metals and Hard Materials 2012;
31:76-81

3. Sanjay Kumar, M. Taxak, N Krishnamurthy Hydrogen absorption kinetics of VACr4Ti alloy prepared
by aluminothermy process International Journal of Hydrogen Energy 2012; 37(4): 3283-91.

4. Sanjay Kumar and N Krishnamurthy Variation of activation energy of hydrogen absorption of
vanadium as a function of Al International Journal of Hydrogen Energy, 2012; 37(18) 13,429-36.

5. Sanjay Kumar and N Krishnamurthy Effects of aluminum on solubility and B phase stability of
vanadium-hydrogen system International Journal of Refractory Metals and Hard Materials 2012;
35:191-5.

6. Sanjay Kumar, M Taxak and N Krishnamurthy Hydrogen absorption kinetics of V-Al alloy Journal of
Thermal Analysis and Calorimetry 2012; DOI: 10.1007/s10973-012-2558-1.

7. Sanjay Kumar M Taxak and N Krishnamurthy Synthesis and hydrogen absorption in V-Ti-Cr alloy
Journal of Thermal Analysis and Calorimetry 2012; DOI 10.1007/s10973-012-2643-5.

8. Sanjay Kumar and N Krishnamurthy Effects of Aluminum on standard enthalpy and entropy of
vanadium-hydrogen solid solution Int J Hydrogen Energy 2013, HE-D-13-00850, under review.

9. Sanjay Kumar, A Tirpude, M Taxak and N Krishnamurthy Hydrogen absorption kinetics in ball milled
V+ 80wt% LaNi5 composite Journal of Alloys and Compounds 2012, doi:
10.1016/j.jallcom.2013.03.001.
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10.

11.

Sanjay Kumar and N. Krishnamurthy Development of vanadium based hydrogen storage materials:
a review Progress in Materials Science 2012; to be submitted.

Sanjay Kumar, M Taxak and N Krishnamurthy Solid state hydrogen storage methods: theories and
applications Indian Thermal Society of India, ITAS 2012, Invited paper to be submitted xii

International/National Symposium Proceedings [08]

1.

Sanjay Kumar, M Taxak and N Krishnamurthy. Hydrogen absorption kinetics in V-Al alloys.
Proceeding of the 18th International Symposium on Thermal Analysis, Editors: R Agrawal, L
Varshney, YK Bhardwaj, RA Jat, S K Rakshit, K L Ramkumar 2012; 333-5.

Sanjay Kumar, M Taxak and N Krishnamurthy. Synthesis and Hydrogen absorption Kinetics of
VACr4Ti alloys. Proceeding of the 18th International Symposium on Thermal Analysis, Editors R.
Agrawal, L Varshney, YK Bhardwaj, RA Jat, SK Rakshit, KL Ramkumar 2012; 315-7.

Sanjay Kumar, M Taxak and N. Krishnamurthy. Solid solubility of hydrogen in V-Ti-Cr-Al alloys
synthesize by aluminothermy. 49th NMD and 65th ATM 13-16 Nov 2011 Hyderabad India Editors
Dr. Amol A Gokhale and Dr. Shrikant V Joshi; p 63

Sanjay Kumar, M Taxak and N Krishnamurthy. Interaction of hydrogen with pure vanadium. 49th
NMD and 65th ATM 13-16 Nov 2011 Hyderabad India Editors Dr. Amol A Gokhale and Dr. Shrikant
V Joshi. p 89

M Taxak, Sanjay Kumar, N Krishnamurthy, A K Suri and G P Tiwari. Effect of aluminum on the
equilibrium solubility of hydrogen in vanadium. Proceedings of 3rd International Symposium on
Materials Chemistry (2010) Mumbai India Editor Dr. R K Vatsa; p 113.

Sanjay Kumar, A Awasthi, R.N. Singh and N Krishnamurthy. Solid Solubility in Vanadium-Aluminum
alloys. HEM 2009, Mumbai, India , Editor Dr. R.N Singh; p 46

N. Krishnamurthy, Sanjay Kumar, A. Awasthi. Preparation of binary alloys of refractory metals by
co-reduction: Group V Metals alloy. Vol.1 RM30/1-RM30/10, 17th Plansee Seminar Proceeding,
Plansee Group, Austria2009; 1-10.

Sanjay Kumar, M Taxak and N Krishnamurthy. Hydrogen absorption kinetics in ball milled V+80wt.%
LaNi5 composite, International Symposium on Metal-Hydrogen Systems-Fundamentals and
Applications- 21-26 October, 2012 Kyoto, Japan.
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Name :  M.R. Gonal

Enrolment No. . CHEMO01200604026
Constituent Institute :  Bhabha Atomic Research Centre, Mumbai
Title . Preparation of Bulk High Temperature Super Conductors by

Textured Growth Techniques, and their Characterization

Abstract

The main focus of this thesis is to develop viable technologies to process the brittle ceramic High
Tempreature Superconducting (HTSC) material YBa,Cus0s5 (Y-123) into commercially usable forms.
To achieve this objective the efforts were concentrated in following areas such as synthesizing
powders through different routes, detailed study of sintering and phase conversion process. The
powders were well characterized by XRD for phase analysis and laser particle size analyzer for particle
size measurements.

Top Seeded Melt-texture (TSMTG) technique was used and for fabrication of hollow cylinder and
plates. Y,BaCuOs (Y-211) powder was synthesized using two different routes resulting in different
particle sizes to the polycrystalline YBa,Cus0;.5 superconductor using MgO as seed crystal created an
essentially highly dense structure consisting of cm long, plates shaped crystals preferably aligned
parallel to the a-b plane.

The TSMTG components were characterized using XRD, SEM, TEM, OIM, EPMA, for trapped magnetic
field. Levitation force and J.. Texturing were studied by XRD and OIM. OIM orientation is in
corroboration with XRD analysis which revealed that all the peaks correspond to 001 oriented plane.
OIM graph also showed the quantity and particle size of Y-123 and Y-211 phases. Electron Probe
Micro-Analyzer(EPMA) image and corresponding elemental mapping show particle size distribution of
Y-211 phase in the matrix of YBCO. These experiments also reveal the line profile of the variation of
individual elements from matrix of Y-123 (superconducting) and Y-211 (non-superconduting) phases.
Trapped magnetic field levitation force measured by indigenously developed system. The maximum
trapped field values for TSMTG plate prepared by solid state route and for TSMTG sample prepared
from nitrate decomposition route were 0-200 gauss and 0-800 gauss, respectively. Levitation force
measured at 1 mm distance from magnet of TSMTG plate prepared by solid state route show force of
8 n and whereas in TSMTG sample prepared by Y-211 synthesized by nitrate decomposition route
show force of 28 N. J. were measured at Budapest University of technology and Economics (BUTE),
Hungary. Average J. values of TSMTG hollow cylinder at 77 K of 3500-4000 A/cm in zero field
(compared to 500-1 A/cm? in sintered bodies).

The new micro structure, which completely replaces the previous granular and random structure in
the sintered bodies, exhibits improved superconduting properties. The remarkable improvement in
Jc, levitation force, and trapped magnetic field is attributed to the combined effects of graded Y-211
particles, compaction, thermal cycle, alignment of crystals, formation of cleaner grain boundaries. The
Jc measured in other TSMTG samples generated using Pt, ceria added additives were found to be
lower as compared to that from Y-211 addition.
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Publications
Journal

1. Experimental Analysis of Different Type HTS Rings in Fault Current limiter A.Gyore, | . Vajda, M R
Gonal, K. P. Muthe, S C Kashyap, and D K Pandya. IEEE transactions on Applied Superconductivity
17, 2. (2007),1899-1903.

2. Bulk High Temperature Superconductors Prepared by Melt Textured GrowthTechnique- Effect of
Y2BaCuOS5 Particle Size M. R. Gonal, R.C. Hubli and A.K. Tyagi AIP Conf. Proc. 1349, (2011) 833-834

3. Study of Superconducting Properties in Melt Textured YBCO samples M. R. Gonal, K.G.Bhushan, S
Ramanathan, R.C. Hubli, A.K. Tyagi, and G.P.Kothiyal AIP Conf. Proc. 1447, pp. 911-912

4. The Effect of Addition of Y-211 with two Different Particle Sizes on the Properties of Melt
Processed YBa2Cu307-6 (YBCO) Bulk Superconductors M. R. Gonal, R.C. Hubli, A.K.Suri, A.K. Tyagi,
Atila Gyore and Istvan Vajda IEEE transactions on Applied Superconductivity (Communicated)

Symposium
1. Characterisation of Bulk High Temperature Superconductors Prepared by Melt Textured Growth

Technique M. R. Gonal, R.C. Hubli and A.K. Tyagit Proceedings of the 54th DAE Solid State Physics
Symposium (2009)
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Name . Raja Kishora Lenka

Enrolment No. : CHEMO01200604025

Constituent Institute :  Bhabha Atomic Research Centre, Mumbai

Title :  Nano Electroceramics for Intermediate Temperature Solid Oxide
Fuel Cell

Abstract

My doctoral thesis was aimed towards development of nano-electroceramics for IT-SOFC application.
Gadolinia doped ceria has been chosen as the electrolyte material. Ni-GDC and Ba-doped GdCoO; have
been considered as the anode and cathode materials, respectively. Gadolinia doped ceria (12 mol%)
powder was synthesized by combustion route using different fuels. The characteristics of the processes
have been studied by thermal analysis of gel precursor. The processes have been analyzed through
thermodynamic calculation. Physical properties of powders prepared through different route were
characterized. Based on the characteristics of the synthesized GDC powder metal nitrate - citric acid gel
combustion route was chosen for the preparation of powder. In order to study the effect of dopant
concentration on the sintering and electrical behavior, GDC powders of different composition (3, 6, 8,
10, 12, 15 and 18 mol% GDC) were synthesized by citrate-nitrate gel combustion route. Shrinkage
behavior of GDC powders was monitored by a dilatometer. The powders were sintered to get pellets
with density above 97% of theoretical density. The dense sintered pellets of different compositions were
used for conductivity measurements using a frequency response analyzer. The contributions of bulk and
grain boundaries towards the total resistance have been delineated and the conductivity has been
explained on the basis of hopping frequency from the complex impedance plot. The activation energies
for oxygen ion conduction in the bulk and grain boundary have been determined from the Arrhenius
type relationship of conductivity. It was confirmed that maximum ionic conductivity was obtained with
12 mol% GDC. 12GDC pellet sintered at 1200 °C are further heated for grain growth in order to study the
effect of grain size on ionic conductivity.

Ultrafine NiO powder for use in anode material was synthesized by solution combustion route. NiO-GDC
composition in 50:50 weight ratios was prepared by mixing in a pot mill. Shrinkage behavior of the
anode composition was studied using a dilatometer. Electrical conductivity was measured after
reduction in hydrogen atmosphere. The effect of sintering temperature on the microstructure and
electrical conductivity of Ni-GDC cermet was studied. For estimating the ASR at the interfaces, NiO-GDC
electrode and GDC electrolyte have been integrated in symmetric cell form to evaluate the interfacial
polarization resistance by ac impedance spectroscopy technique.

Gadolinium cobaltate doped with different percentage of barium was synthesized by solution
combustion route as well as solution polymerization method. Based on the process and powder
characteristics the later process was chosen for further study. The effect of barium doping on sintering
behavior, thermal expansion coefficient and electrical conductivity was studied. Symmetrical cells were
prepared and area specific resistance for interfacial polarization was evaluated. The composition and
processing parameters were optimized for its application as cathode.

Based on the results of the above studies, anode supported single cells were fabricated by tape casting
method. In this electrolyte, anode was integrated by co-casting in tape form and co-firing. Cathode
slurry in terpinoel medium was painted over the electrolyte followed by sintering. 1I-V characterization
of the single button cell was carried out.

105



Publications

Publications in Journals out of the present work

Combustion synthesis, powder characteristics and shrinkage behavior of ceria gadolinia system, R K
Lenka, T Mahata, P K Sinha and B P Sharma, J. Am. Ceram. Soc., 89 (2006)] 3871-3873

Combustion synthesis of gadolinia doped ceria using glycine and urea fuels, R K Lenka, T Mahata, A
K Tyagi, and P K Sinha J. of Alloys Comp. 466(2008) 326-329.

Influence of grain size on the bulk and grain boundary ionic conduction behavior in Gadolinia
doped Ceria, R.K. Lenka, T. Mahata, A.K. Tyagi and P.K. Sinha, Solid State lonics, 181(2010) 262-267.
Synthesis and characterization of GdCoO3 as a potential SOFC cathode material, R K Lenka, P K
Patro, T Mahata, P K Sinha and A K Tyagi, J. of Alloys and Comp.537 (2012) 100-105.

Effect of Ba on the performance of GdCoO3 cathode R.K. Lenka, T. Mahata, A.K. Tyagi and P.K.
Sinha, Solid State lonics (communicated).

Characterization of Ni-GDC SOFC anode fabricated using nano-powders R.K. Lenka, T. Mahata, A.K.
Tyagi and P.K. Sinha, J. Am. Ceram. Soc. (communicated).

Conference Presentations

Effect of firing temperature on the ionic conductivity in 12 mol% gadolinia doped ceria presented at
PM-08 International Conference and Exhibition held at Chennai on 20 — 21 Feb., 2008. R.K. Lenka, T.
Mahata, P.K. Sinha, and B.P. Sharma 185
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Name . Jayashree Biswal

Enrolment No. . CHEMO01200804004

Constituent Institute :  Bhabha Atomic Research Centre, Mumbai

Title : A Study on Synthesis of Silver and Gold Nanoparticles by
Employing Gamma Radiation, Their Characterization and
Applications

Abstract

Metal nanoparticles (nps) especially noble metal nanoparticles are being explored for application in
the areas of sensing, imaging, catalysis and antimicrobial applications. Generation of these metal nps
by high energy radiation is promising because of several advantages offered by radiolytic method. It is
possible to generate spherical as well as nonspheric al nps (nanorods, nanoplates) with controlled size
by radiolytic route. Capping agents play very important role in stabilization of metal nps. Both natural
polymer and synthetic polymers containing specific functional groups, like —OH, -NH,, -COOH etc., can
stabilize metal nps on their surfaces. The long polymer chain restricts agglomeration of the nps. In this
work natural polymer, namely guar gum and synthetic polymer namely, poly methacrylic acid (PMA),
poly vinyl pyrrolidone (PVP) have been explored for their stabilization property. Unlike spherical nps,
anisotropic nps possess two absorption bands in the electromagnetic spectrum. Small changes in the
shape of nanooparticle can have great effect on a variety of physical properties of the material. The
key parameter to generate anisotropic nps is dose rate of irradiation along with presence of certain
adsorbing molecule like surfactant and some metal ions. These molecules selectively adsorb upon
certain facets of growing nanoparticle, blocking those facet and allowing directional growth. The nps
were characterized by various techniques, such as uv-visible spectroscopy, XRD, TEM, TG and FTIR.
Because of high surface area as well as high surface energy of metal Nps, other molecules easily adsorb
upon their surfaces. This property of metal nps helps in Detection and estimation of chemical and
biological analytes.

Publications
Journals:

1. Jayashree Biswal, S. P. Ramnani, Seema Shirolikar, S. Sabharwal, (2009), Synthesis of guar-gum-
stabilized nanosized silver clusters with gamma radiation, J. Appl. Polym. Sci., 114, 2348-2355.

2. Jayashree Biswal, S.P. Ramnani, R. Tewari, G.K. Dey, S. Sabharwal, (2010) Short aspect ratio gold
nanorods prepared using gamma radiation in the presence of Cetyltrimethylammonium bromide
(CTAB) as a directing agent, Radiat. Phys. Chem. 79, 441-445

3. Jayashree Biswal, S. P. Ramnani, Seema Shirolikar and S. Sabharwal, (2010) Seedless synthesis of
gold nanorods employing isopropyl radical generated using gamma radiolysis technique, Int. J.
Nanotechnol. 7, 907- 918

4. Jayashree Biswal, S. P. Ramnani, seema Shirolikar and S. Sabharwal, (2011) Synthesis of rectangular
plate like gold nanoparticles by insitu generation of seeds by combining both radiation and chemical
methods, Radiat. Phys. Chem. 80, 44-49.

5. Nilanjal Misra, Jayashree Biswal, Alka Gupta, J. K. Sainis, S. Sabharwal, (2012) Gamma radiation
induced synthesis of gold nanoparticles in aqueous polyvinyl pyrolidone solution and its application
for hydrogen peroxide estimation, Radiat. Phys. Chem. 81, 195—-200.
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6. Jayashree Biswal, Nilanjal Misra, Lalit. C. Borde, S. Sabharwal, (2013) Synthesis of silver
nanoparticles in methacrylic acid solution by gamma radiolysis and their application for estimation
of dopamine at low concentarions, Radiat. Phys. Chem. 83, 67-73.

Symposia:

1. Jayashree Biswal, S. Sabharwal, Synthesis of silver nanoparticles in methacrylic acid and studying its
application as biosensor, National Symposium on Radiation and Photochemistry (NSRP), 14-17 Sep,
2010, Lonavala, India.

2. Jayashree Biswal, S. Sabharwal, Synthesis and characterization of controlled shape metal
nanoparticles by using gamma radiation, International symposium on materials chemistry (ISMC), 7-
11 Dec, 2010, BARC, Mumbai, India 121

3. Jayashree Biswal, S. P. Ramnani, S. Sabharwal, Synthesis of Metal Nanoparticles by High Energy
Radiation, NAARRI international Conference (NIC), 13-15 Dec, 2010, Mumbai, India.

4. Nilanjal Misra, Jayashree Biswal, S. Sabharwal, Synthesis of Poyvinyl pyrrolidone capped gold
nanoparticles by gamma radiolysis, National symposium on radiation and nphotochemistry (NSRP),
10-12 Mar, 2011, JNV Univ., Jodhpur, India.
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Name : Babita Tiwari

Enrolment No. . PHYS01200704024
Constituent Institute :  Bhabha Atomic Research Centre, Mumbai
Title :  Thermo-Physical Properties and Structural Aspects of Some

Phosphate and Silicate Glasses/Glass-Ceramics

Abstract

Glasses and glass-ceramics are essential materials for many technologically important applications like
hermetic sealing and optoelectronic devices etc. This thesis presents studies on glasses and glass-
ceramics in the sodium aluminium titano-phosphate (NATP), strontium zinc silicate (SZS) and barium zinc
silicate (BZS) systems. The thermo-physical, optical and structural properties have been studied using a
combination of DTA, TMA, MH, XRD, FTIR, Raman, MAS-NMR, UV-V is absorption spectroscopy and SEM
with EDS. The effect of TiO, addition in sodium alumino-phosphate (NAP) glass having pptential
application in low temperature sealing has been studied. Structure-property correlation indicates that
the role of TiO, and Al,0; changes form network modifier to network former in NATP glasses around 10
mol% TiO,. Surface degradation studies reflect that the partial substitution of P,0s with TiO,, results in
higher chemical durability of NATP glasses. SZS and BZS glasses and glass- ceramics with different
additives have been investigated as potential high temperature sealants for SOFC. Studied compositions
of SZS and BZS glasses fulfill the most important criteria (TEC, Ty and 1 of thermo-physical properties for
use as sealants for SOFC. The microstructural evolution with heat treatment revealed the spinodal
decomposition for liquid in liquid phase separation in the base SZS glass. Crystallization kinetics study
revealed a diffusion controlled bulk crystallization mechanism starts dominating over the bulk
crystallization and the activation energy decreases. Lower activation energy indicates a better control
over crystallization during sealing process. Sr3SisOg and Sr,ZnSi,0; crystalline phases formed in all the SZS
glass-ceramics and different barium silicate phases formed in BZS glass-ceramics depending on
composition. Based upon these studies, compositions withB,0; and V,0s additives have been found
most suitable and seals were fabricated with Crofer -22- APU. These seals were found Vacuum
compatible at elevated temperatures, even after exposure at 850°C for 800h. In the thesis efforts have
been made to show that the thermo-physical properties of the investigated glasses are a sensitive
function of structural configurations present in these glasses and can be modified by incorporating
suitable additives. Studies also demonstrate the utility of structural/microstructural and thermo-physical
characterization in optimization of composition of glasses/glass-ceramics for novel applications like high
temperature sealing.

Publications
International Journals: 07 (published) + 2 (accepted) + 3 (to be communicated)

1. Babita Tiwari, and coworkers “Comparison of strontium zinc based and barium zinc based silicate
glasses” under preparation.
2. Babita Tiwari, S.C. Gadkari and G.P. Kothiyal, “Studies on crystallization of SrO-ZnOB,03-SiO, based

glasses”, under preparation.
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Babita Tiwari, M. Pandey, V. Sudarsan, S.C. Gadkari and G.P. Kothiyal, “Thermophysical,
crystallization and structural studies of Strontium zinc silicate based glassceramics”, to be
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Babita Tiwari, S.C. Gadkari and G.P. Kothiyal, “Investigation on Glasses in strontium zinc borosilicate
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temperature applications”, J. Adv. Ceram. 1(2) (2012) 110-129.

Babita Tiwari, S. Bhattacharya, A. Dixit, S.C. Gadkari and G.P. Kothiyal, “Effect of V,05 on SrO-ZnO-
B,0;-Si0, Glass-Ceramics for High Temperature Sealant Application”, AIP Journal: Confer. Proc.
1447 (2012) 575-76.
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mechanism of Strontium zinc silicate glass”, J. Am. Ceram. Soc. 95(4) (2012) 1290-96.

Babita Tiwari, V. Sudarsan, A. Dixit and G.P. Kothiyal, “Study of Glass/Glass-Ceramics in the SrO-
Zn0-Si0, System as High Temperature Sealant for SOFC Applications”, Int. J.Hydrogen Energy 36
(2011) 15002-8.

Babita Tiwari, V. Sudarsan, A. Dixit and G.P. Kothiyal, “Effect of TiO2 Addition on the Optical,
Thermo-Physical, and Structural Aspects of Sodium Alumino-Phosphate Glasses”, J. Am. Ceram.
Soc. 94(5) (2011) 1440-46.

Babita Tiwari, M. Pandey, V. Sudarsan, S.K. Deb and G.P. Kothiyal, “Study of structural modification
of sodium alumino-phosphate glasses with TiO2 addition through Raman and NMR spectroscopy”,
Physica-B 404 (2009) 47-51.

G. P. Kothiyal, A. Ananthanarayanan, Babita Tiwari, M.Goswami and V. K. Shrikhande, “Studies on
some Glasses and Glass-Ceramics for various Applications including Seals”, Mater. Sci. Forum, 587-
588 (2008) 162-166. International/National Conferences: 10

Babita Tiwari, A. Sarkar, S. C. Gadkari and G. P. Kothiyal, “Crystallization Kinetics of BaO-ZnO-SiO,
Glass”, 22- AGM of MRSI- Bhopal, Feb-13-16, 2011.

Babita Tiwari, A. Dixit and G.P. Kothiyal, “Crystallization kinetics of SrO-ZnO-SiO,”, International

conference on Materials chemistry (ICMC —2010), BARC, Mumbai, Dec. 7-11, 2010.
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SrO-Zn0O-Si0, Glass-ceramics”, International workshop & Symposium on the Synthesis and
Characterization of Glass/Glass-Ceramics (IWSSCGGC-2010), YASHADA, Pune, July 7-10, 2010.
Babita Tiwari, A. Sarkar, A. Dixit and G.P. Kothiyal, “Thermo-physical and devitrification studies of
alkaline-earth based silicate glasses as sealant for SOFC”, International conference on
Electroceramics (ICE — 2009), University of Delhi, New Delhi, Dec. 13-17, 2009
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Cell Technologies (FUCETECH 2009), Nehru Centre, Mumbai, Nov. 11- 13, 2009.

Babita Tiwari, A Sarkar, and G P Kothiyal, “Thermo-physical properties and crystallization behavior
of BaO based silicate glasses for high temperature sealants”, National Symposium on Science and
Technology of Glass and Glass-ceramics (NSGC-2008), BARC, Mumbai, Oct. 15-17, 2008.

Babita Tiwari, A Dixit, V Sudarsan, and G P Kothiyal, “Optical and NMR studies of
Na,0Al,03- TiO,-P,05 glasses”, National Symposium on Science and Technology of Glass and Glass-
ceramics (NSGC-2008), BARC, Mumbai, Oct. 15-17, 2008.

G.P. Kothiyal, A. Ananthanarayanan, Babita Tiwari, M. Goswami, “Studies on some glassceramic
sealant for different applications including SOFC”, 3rd MRS-S Conference on Advanced Materials,
Singapore, Feb. 25-27, 2008.

Aparna Patil, Babita Tiwari, M. Goswami, S. Manikandan, A. Dixit, A. Sarkar and G.P. Kothiyal,“Some
observations on thermo-physical properties of BaO-ZnO/Ca0-SiO2 glasses”, National conference on
Advanced Materials, Devices and Technologies (NCAMDT), Tirupati, Feb. 21-23, 2008.

Babita Tiwari, V. Sudarsan, M. Pandey, A. Dixit, S.K. Deb, and G.P. Kothiyal, “Structural
characterization of Na,0-Al20;-TiO,-P205 glass by MAS-NMR and vibrational spectroscopy”, 10th
Int. Conf. on Advanced Materials (IUMRS-ICAM-2007), Bangalore, India, Oct. 8-13, 2007.
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Title . Topological Qubits in Quantum Spin Chains
Abstract

| worked on exactly solvable one-dimensional spin-1/2 chains which are generalised versions of Kitaev’s
honeycomb model. In the first model, Tetra- hedral model, the analytic solutions for the zero Mjorana
modes has been presented. Localised and unpaired Majorana modes has been shown to occur even in
the bulk of the chain. These modes have been created and manipu- lated tuning Z2 flux configurations.

The second one dimensional model, | worked on, is XYZ-Ising model. It has been shown that model isb
analytically solvable for all defect sectors. An alternate proof has been presented that the defect free
sector is the ground state, which is valid for a larger parameter range. The defect sectors of the model
have degenerate ground states corresponding to unpaired Majorana fermion modes. It has been
established that the degeneracy is topologically protected against disorder in the spin-spin couplings.

The unpaired Majorana fermions can be manipulated by tuning the model parameters and can hence be
used for topological quantum computation. The physical realisation of the model has been proposed.
Using Josephson Junction Quantum Circuits, XYZ-Ising model can be realised.

Publications
1.  Abhinav Saket, S.R. Hassan and R. Shankar, Manipulating unpaired Majorana fermions in a
quantum spin chain. Phys. Rev. B82, 174409 (2010).

2. Abhinav Saket, S.R. Hassan and R. Shankar. Topological aspects of an exactly solvable spin chain
(to be published in PRB).
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Title :  Small Angle Scattering Investigations of Nano-Ceramics and Nano-
Composites

Abstract

Nano-materials are at the leading edge of the rapidly developing field of nanotechnology. Since last
decade, nano-materials in general and nano-ceramics in particular have gained tremendous importance
owing to their potential technological applications. It is important to note that the pertinent length
scales, which are present in the nano-ceramic and nano-composite systems, manifest in 1-1000 nm
range. Small angle scattering is an ideal technique to study the nano-ceramics and self-assembled
materials.

In present thesis, two broader aspects of the nanocermaics have been dealt with. First aspect deals with
the sintering behavior of the nanoceramics aggregates prepared by sol-gel or precipitation route. Pore
morphology in NiO and YCrO; nano-ceramic aggregates get modified under sintering. The modification in
pore morphology has been attributed to mass transport by atomistic diffusion during sintering.
Mesoscopic and microscopic structures under heat treatment has been studied for NiO doped TiO,
submicrospheres. Sintering behavior of fractal aggregates such as YAG, doped Ceria have been
investigated. The experimental results have been understood using Monte Carlo simulation that
established that smoothening of fractal rough surface under sintering is possible due to the diffusion
transport of materials.

Second aspect of the thesis deals with evaporation induced self-assembly of the nano-particles via spray
drying. In recent years, spray drying has been found a special place in synthesizing hierarchically
structured grains by atomizing a colloidal suspension into droplets and then converting these droplets
into nanostructured grains. The effect of various phyisco-chemical parameters on the assembly of
nanoparticles during drying has been studied. The micrometric grains having various morphologies have
been synthesized and characterized.

The spray drying experiments of silica colloids with varying colloidal concentration in slow drying regime
showed that overall morphology of assembled grains spherical for all concentration. Further assembly of
nanoparticles and their internal arrangement during drying can be modified by addition of electrolyte in
initial dispersion. Buckling induced morphological transformation the colloidal droplets to doughnut like
grains during EISA of nano-particles under fast drying regime has been shown. Hypothesis based on the
formation and buckling of shell of jammed NPs at air-water interface explained the morphological
transformation. It has been indicated that reduction in elastic modulus of the formed shell, by
incorporation of soft anisotropic colloids, at the air water interface facilitated the buckling. Hollow
microcapsules have been synthesized by using EISA of silica colloids and SDS micelles by tuning viscosity
of the initial suspension and surface charge on the colloids using hydrotropic aniline hydrochloride.
Ordering of surfactant in the assemble microcapsules is demonstrated from SAXS/SANS measurements.
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11.

12.

One Step Fabrication of Thermally Stable TiO2/Si02 Nanocomposite Microspheres by Evaporation
Induced Self-assembly, J. Bahadur, D. Sen, S. Mazumder, P. U. Sastry, B. Paul, H. Bhatt, S. G. Singh,
Langmuir 28, 11343-11353 (2012).

Control of Buckling in Colloidal Droplets during Evaporation Induced Assembly of Nano-particles, J.
Bahadur, D. Sen, S. Mazumder, B. Paul, H. Bhatt, S. G. Singh, Langmuir, 28, 1914-1923 (2012).
Origin of buckling phenomenon during drying of micrometric colloidal droplets, J. Bahadur, D. Sen,
S. Mazumder, S. Bhattacharya, H. Frielinghaus, G. Goerigk, Langmuir 27 (13), 8404—8414 (2011) .
Formation of hollow spherical and doughnut microcapsules by evaporation induced self-Assembly
of nanoparticles: Effects of particle size and polydispersity, D. Sen, J. Bahadur, S. Mazumder, S.
Bhattacharya, Soft Matter, 8, 10036—10044 (2012).

Nanocomposite silica surfactant microcapsules by evaporation induced self assembly: tuning the
morphological buckling by modifying viscosity and surface charge, D. Sen, J. Bahadur, S.
Mazumder, G. Verma, P. A. Hassan, S. Bhattacharya, K. Vijay and P. Doshi Soft Matter, 8, 1955—
1963 (2012).

Arrest of morphological transformation during evaporation-induced self-assembly of mixed
colloids in micrometric droplets by charge tuning D. Sen, J. S. Melo, J. Bahadur, S. Mazumder, S.
Bhattacharya, S. F. D‘Souza, H. Frielinghaus, G. Goerigk and R. Loidl, Soft Matter, 7 (11), 5423 —
5429 (2011). 219

7. Evaporation-induced self assembly of nanoparticles in non-buckling regime:Volume fraction
dependent packing, J. Bahadur, D. Sen, S. Mazumder, Bhaskar Paul, Arshad Khan, G. Ghosh J.
Colloid and Interface Sci. 351 357-364 (2010).

Buckling driven morphological transformation of droplets of a mixed colloidal suspension during
evaporation induced self assembly by spray drying D. Sen, J. S. Melo, J. Bahadur, S. Mazumder, S.
Bhattacharya, G. Ghosh, D. Dutta and S.F. D* Souza Eur. Phys. J. E, 31, 393, 402 (2010).

Use of small-angle neutron scattering to investigate modifications of internal structure in self-
assembled grains of nanoparticles synthesized by spray drying D. Sen, Arshad Khan, J. Bahadur, S.
Mazumder, B.K. Sapra, J. Colloid and Interface Sci., 347, 25-30 (2010).

Evolution of a fractal system with conserved order parameter under thermal annealing J.
Bahadur, S. Mazumder, D. Sen, S. Ramanathan, J. Phys.: Condens. Matter, 22 195107 (2010).
Non-Debye to Debye transition of ac dielectric response in YCrO3 nanoceramic under sintering:
effect of pore structure J Bahadur, D Sen, S Mazumder, R Shukla and A K Tyagi, J. Phys.: Condens.
Matter, 20, 345201 (2008).

Effect of Heat Treatment on Pore Structure in Nano-Crystalline NiO: A Small Angle Neutron
Scattering Study J. Bahadur, D. Sen, S. Mazumder and S. Ramanathan Journal of Solid State
Chemistry, 181, 1227-1235 (2008).
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23.

Smoothening of the non-Euclidean surface of Nd203 doped CeO2 nano-ceramic grain under
sintering: An ultra-small-angle X-ray scattering investigation and a computer simulation study D.
Sen, J. Bahadur, S. Mazumder, V. Bedekar and A.K. Tyagi, J. Phys.: Condens. Matter, 20 035103,
(2008) (COVER PAGE ARTICLE).

Nonlinearity and isotope effect in temporal evolution of mesoscopic structure during hydration of
cement S. Mazumder, D. Sen, J. Bahadur, J. Klepp, H. Rauch, Jose Teixeira Phy. Rev. B, 82, 064203
(2010).

Temporal evolution of characteristic length and fractal dimension for a non-Euclidean system D.
Sen, S. Mazumder, and J. Bahadur, Phy. Rev. B, 79, 134207 (2009).

*Influence of annealing on structure and optical properties of Mn-substituted ZnO nanoparticles
B. Roy, O. Mondal, D. Sen, J. Bahadur, S. Mazumder and M. Pal J. Appl. Cryst., 44, 991-998 (2011).
*Effects of calcination on microscopic and mesoscopic structures in Ca and Sr doped
nanocrystalline Lanthanum Chromites H. Bhatt, J. Bahadur, M. N Deo, S. Ramanathan, K. K Pandey,
D. Sen, S. Mazumder, S. M Sharma Journal of Solid State Chemistry, 184 204-213 (2011).
*Structural characterization of manganese-substituted nano-crystalline zinc oxide using small-
angle neutron scattering and high-resolution transmission electron microscopy B. Roy, B.
Karmakar, J. Bahadur, S. Mazumder, D. Sen and M. Pal J. Appl. Cryst., 42, 1085-1091 (2009).
*Extraction of single scattering profile from multiple small-angle scattering data utilizing basis
function set D. Sen, J. Bahadur, S. Mazumder Eur. Phys. J-B, 71, 75-84 (2009).

*Decoration of carbon nanotubes with metal nanoparticles by wet chemical method: A small-
angle neutron scattering study J Bahadur, D Sen, S Mazumder, Jyoti Parkash , D Sathiyamoorthy, R
Venugopalan Journal of Nanoscience and nanotechnology, 10, 2963—-2971 (2010).

*Small-Angle Neutron Scattering Investigations on sintering behavior of combustion synthesized
La0.85r0.2Cr03, A. K. Patra, J. Bahadur, S. Mazumder, Sathi Nair, R. D. Purohit and A. K. Tyagi, J. of
Nanoscience and Nanotechnology, 8, 1-6 (2007).

*|sotope effect in temporal evolution of mesoscopic structure during hydration of cement, S.
Mazumder, D. Sen and J. Bahadur, J. Klepp, H. Rauch and José Teixeira ILL Annual Report, 36-37
(2010).

*The isotope effect in hydration of cement S. Mazumder, D. Sen, J. Bahadur, J. Klepp, H. Rauch
and J. Teixeira, LLB Annual Report 34-35 (2010).

*Publications not included in the thesis.
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Title . Investigating Formation and Evolution of Z(3) Walls and Flow

Anisotropies in Relativistic Heavy-lon Collision
Abstract

Search for the QGP at relativistic heavy-ion collision experiments (RHICE) has reached a very exciting
stage with the ongoing experiments at Relativistic Heavy-lon Collider (RHIC) and the Large Hadron
Collider (LHC). One of the important aim of these experiments is to study dynamical details of the quark-
hadron phase transition and nontrivial features of QGP. SU(3) pure gauge theory, without dynamical
quarks, has Z(3) global symmetry which is restored below Tc in the confined phase and spontaneously
broken in the deconfined phase giving rise to three degenerate vacua. Topological defects are inevitably
produced in the symmetry braking phase transitions. These defects are localized regions in which the
system is locked in symmetric phase while the whole system is in symmetry broken phase. The
formation of different types of topological objects depends upon the vacuum manifold. In confinement-
deconfinement phase transition, Z(3) domain walls and the QGP strings (forming at the junctions of
three Z(3) walls) are produced. We study the formation of defects via Kibble Mechanism in
confinement-deconfinement phase transition in RHICE where Z(3) symmetry is spontaneously broken.
These defects can lead to non-trivial consequences in heavy-ion collisions.

The expectation value of polyakov loop I(x) is an order parameter for confinement deconfinement phase
transition. This order parameter transforms non-trivially under Z(3) symmetry and thus gives rise to 3
degenerate vacua in the high temperature phase of SU(3)$ gauge theory. Using an effective potential
based on polyakoy loop order parameter for QCD proposed by Pisarski, we carry out numerical
simulations of the evolution of Z(3) walls and strings in RHICE in a first order phase transition. It is known
that quark-hadron transition is likely to be a first order transition at large values of baryon chemical
potential. Our results are then applicable to such situations, e.g. high baryon density, low energy heavy-
ion collisions.

Since strong elliptic flow at RHIC hints towards early thermalisation, the phase transition may not be a n
equilibrium transition but more likely a quench. During this quench also where the transition proceeds
via spinodal decomposition, these defects are produced. We further see bubble like structure in this
spinodal decomposition. This is a surprising result because these bubbles are produced even if there is
no meta-stable barrier for bubble nucleation between the false vacuum (confined phase) and the true
vacuum (deconfined phase). This suggests a new type of phase transition dynamics which needs to be
studied in greater detail.

We also have discussed the case where Z(3) symmetry is spontaneously broken leading to degenearate
Z(3) vacua. However, real QCD involves dynamical quarks and Z(3) symmetry is explicitly broken due to
quarks giving rise to 6=0 being the true vacuum while the other twoZ(3) vacua are lifted. I=0 vacuum
also shifts towards nonzero value along 6=0. When the symmetry breaking is large, the polyakov loop
order parameter field rolls to the true vacuum everywhere in the system. In such a situation we find
there are huge oscillations of the field before it settles in the true vacuum. This huge oscillation of the
field may affect the elliptic flow. We study this possibility and find that the elliptic flow coefficient v,, as
well as the spatial eccentricity undergo huge oscillations in this quench scenario compared to the
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equilibrium transition situation. These results point out that it is important to take effect of quench
induced oscillations of the order parameter field in hydrodynamical simulation to calculate elliptic flow
anisotropy.

There are important implications of these defects in relativistiv heavy ion collisions. Domain walls and
strings melt away when the temperature drops below Tc. However, they may leave their signatures in
the distribution of final particles due to large concentration of energy density in extended regions as
well as nontrivial scatterings of quarks and antiquarks with these objects. Due to quark/antiquark
reflection inside a collapsing wall, each reflection increases the momentum of the enclosed particle. This
leads to a specific pattern of Pr enhancement of quarks with heavy flavors. The modification of P;
spectrum of resulting hadrons can be calculated and the enhancement of heavy hadrons at high P be
analysed for the formation of Z(3) walls. Domain walls are extended along z direction. Hence the
correlation of particle production over a large range of rapidity are expected from such extended
regions. Z(3) walls and strings may not only provide qualitatively new signatures for the QGP phase, but
may proved the first laboratory study of such topological objects in a relativistic quantum field theory
system.

Elliptic flow is one of the most important signatures of QGP. Here we show that elliptic flow anisotropy
in relativistic heavy-ion collisions can be analyzed using a certain technique of shape analysis of
excursion sets recently proposed by us for CMBR fluctuations to investigate anisotropic expansion
history of the universe. The technique analyzes shapes (sizes) of patches above (below) certain
threshold value for transverse energy/particle number (the excursion sets) as a function of the
azimuthal angle and rapidity. Angles with maximum difference in the two distributions identify the
event plane, and the magnitude of difference in the two distributions relates to the magnitude of
momentum anisotropy, i.e. elliptic flow. This is an important analysis technique which quantifies the
elliptic flow anisotropy.

Publications

1.  “Super-horizon fluctuations and acoustic oscillations in relativistic heavyion collisions”, A.P. Mishra,
R.K. Mohapatra, P.S. Saumia and A.M. Srivastava; Phys. Rev. C 77, 064902 (2008).

2.  “Using CMBR analysis tools for flow anisotropies in relativistic heavyion collisions”, A.P. Mishra, R.K.
Mohapatra, P.S. Saumia and A.M. Srivastava; Phys. Rev. C 81, 034903 (2010).

3. * “Simulation of Z(3) walls and string production via bubble nucleation in a quark-hadron
transition”, U.S. Gupta, R.K. Mohapatra, A.M. Srivastava and V.K. Tiwari; Phys. Rev. D 82, 074020
(2010).

4.  “Enhancement of flow anisotropies due to magnetic field in relativistic heavy-ion collisions”, R.K.
Mohapatra, P.S. Saumia and A.M. Srivastava; Mod. Phys. Lett. A 26, 2477 (2011).

5. *“Analyzing flow anisotropies with excursion sets in heavy-ion collisions”, R.K. Mohapatra, P.S.
Saumia and A.M. Srivastava; Mod. Phys. Lett. A 27, 1250168 (2012).

6. “Probing the anisotropic expansion history of the universe with cosmic microwave background”,
R.K. Mohapatra, P.S. Saumia and A.M. Srivastava; Int. J. Mod. Phys. A 27, 1250144 (2012).
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7. " Effects of quarks on the formation and evolution of Z(3) walls and strings in relativistic heavy-ion
collisions”, U.S. Gupta, R.K. Mohapatra, A.M. Srivastava and V.K. Tiwari; Phys.Rev. D 86, 125016
(2012).

8. * “Domain growth and fluctuations during quenched transition to QGP in relativistic heavy-ion
collisions”, R.K. Mohapatra and A.M. Srivastava; arXiv:1210.4718. (Communicated to the journal)
*“Bubble formation during spinodal decomposition in heavy-ion collisions”, S. Digal, R.K.

Mohapatra; Pre-print in preparation.

(*) indicates papers on which this thesis is based.

Conference Proceedings

1. “Using CMBR tools for flow anisotropies in relativistic heavy-ion collisions”, R.K. Mohapatra, P.S.
Saumia and A.M. Srivastava; Nucl. Phys. A 862, 283-285 (2011).

2. “Superhorizon fluctuations and acoustic oscillations in relativistic heavyion;collisions”, A.P. Mishra,
R.K. Mohapatra, P.S. Saumia and A.M. Srivastava; Indian J. Phys. 85, 909-915 (2011).

3.  “Simulation of first order confinement transition in relativistic heavyion collision”, U.S. Gupta, R.K.
Mohapatra, A.M. Srivastava and V.K. Tiwari; Indian J. Phys. 85, 115-121 (2011).
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Global Unfolding and Degradation by Eukaryotic Proteasome
Abstract

Almost every cellular pathway involved in the biology of an eukaryotic organism is homeostatically
regulated by the Ubiquitin Proteasome System (UPS). Eukaryotic 26S proteasomes are multi-subunit
multi-specific ATP dependent protease. In order to dissect the hierarchical steps in proteasomal
degradation, identify the sequence and structural requirements as well as the rate limiting steps in
proteasomal degradation, we have developed an in vitro model system using purified 26S proteasomes
and apomyoglobin (apoMb). To the best of our knowledge, this is the first report wherein we
successfully demonstrated the inherent ability of purified 26S proteasome to degrade a globular protein
(apoMb) in vitro in the absence of ubiquitin, adaptor or other trans-acting elements. Heme bound form
of Mb was not recognized and degraded by proteasome; removal of heme exposes a previously buried
F-helix which is dynamic in nature. This floppy F-helix sensitizes the proteasomal ATPases to the
presence of the substrate. ApoMb is then anchored to the proteasome primarily through A-helix; it is
further stabilized by additional interactions with B-helix and CD-loop. Degradation is initiated by
insertion of the floppy F-helix in the form of a loop into the central channel. Adjacent helices are
unraveled by AAA+ ATPases of proteasome to generate an unstructured region long enough to reach the
active site chamber. Using peptide panning, competition experiments and structural guided approach
we have identified key residues in the A-helix that anchors apoMb to the proteasome. The findings from
the study besides confirming the requirement for unstructured regions in degradation offers the
following new insights: a) origin and identification of an intrinsic degradation signal in the substrate, b)
identification of sequences in the native substrate that are likely to be responsible for direct interactions
with the proteasome, and c) identification of critical rate limiting steps like exposure of the intrinsic
degron and destabilization of an unfolding intermediate that are presumably catalyzed by the ATPases.

Publications
Publication from thesis
Published
1. Amit Kumar Singh Gautam, Satish Balakrishnan, Prasanna Venkatraman (2012) Direct and Ubiquitin
independent recognition and degradation of a folded protein by the eukaryotic proteasomes-
origin of intrinsic degradation signals. PLoS ONE 7(4): e34864. D0i:10.1371/journal.pone.0034864.
Other publications
2. Vinita Wadhawan, Yogesh A Kolhe, Nikhil Sangith, Amit Kumar Singh Gautam and Prasanna
Venkatraman (2012).Biochemical Journal. From prediction to experimental validation-Desmoglein 2

is a functionally relevant substrate of matriptase in epithelial cells and their reciprocal relationship
is important for cell adhesion.
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Interaction with DNA

Abstract

The studies presented in this thesis demonstrate the formation TiO,, ZnO and Hg nanostructures and
their interactions with DNA. The oxide (TiO,, ZnO) and Hg nanostructures display immense potential for
numerous applications in the fields of photocatalysis, optical and electronic devices, magnetic recording
media and biosensors. The formation of nanostructures, here, has been undertaken by a variety of
routes for creating self assembled structures. The modifications in the conformations of DNA molecule,
through interaction with these nanostructures, have also been investigated here. studied here. The
metal oxide TiO, (110) and ZnO , nanostructure, studied here, show several unique properties. The
nanostructures created on the TiO, surfaces show enhanced optical properties in the visible as well as in
the UV regime. The Oxygen vacancies created during the sputtering process have been shown to be
primarily responsible for hese enhanced photocatalytical properties. These nanodot patterned surfaces
also display higher biocompatibility and hydrophilicity. The ZnO nanostructures display room
temperature ferromagnetism in the absence of any magnetic doping. The larger nanostructures show
very strong long range magnetic ordering at room temperature. The Oxygen vacancies created, during
growth, are primarily responsible for these observations. The larger nanostructures are also more
biocompatible, with DNA displaying more stable conformations on them. Self assembled Hg
nanostructures have been fabricated through the conjugation within the DNA double strands. The
interaction between the Hg nanostructures and DNA has been investigated and the results show that Hg
exclusively interacts with the nitrogen bases of the DNA and not with the phosphate backbones.
Formation of two specific metal-base compounds as well as the modification in the transport properties,
after interactionof Hg with DNA, have been demonstrated here. Both these properties display that DNA
can be used as a sensor of mercury.
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Title :  Electrochemistry of Boron Deposition from Fluoborate Containing

Mixed Chloride-Fluoride Melts
Abstract

An Ag/AgCl reference electrode developed for studying the electrochemistry of fluoroborate containing
chloride-fluoride melts was shown to be reversible, stable and non-polarizable over the temperature
range 1073 to 1123 K. The reduction potentials of Fe*Fe and Ni**/Ni in the melt KF-KCI were obtained
over the temperature range 1073 — 1123 K.

The electrochemical reduction of B(lll) + 3e — B in KCI (81.54 mol%)-KF (18.45mol%)-KBF, (1.6 to
7.73x10" mol cm®) and KCI (18.54 mol%)-KF (18.45 mol%)-NaBF, 1.67x10™ mol cm™ ) melts on a Pt
electrode (over the temperature range 1073 to 1123 K) occurred by a single-step three-electron process.
Boron electrodeposited on Pt electrode at 1073 K was found to be amorphous in nature.

Linear sweep voltammetric studies were carried out to determine the concentration of oxide ion in KC1-
KF melts. The purpose of the study was to determine the effectiveness of this technique for the titration
of oxide ions (O%) in molten chloride-fluoride melts released by sodium oxide additions.

The progress of the electrowinning of boron from the melt KCI — KF — KBF, was investigated by assaying
the aqueous solutions of the salt residues withdrawn from the melt at periodic intervals. A systematic
investigation on the electrowinning of boron was reported. Empirical reactions were formulated in order
to arrive at the most probable reaction scheme during the course of the electrolysis. The reaction
scheme was possibly influenced by many factors including the melt composition and the source of boron
etc.
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chloride-fluoride melts, Rahul Pal, K. Ananthasivan, S. Anthonysamy, V. Ganesan, Electrochimica
Acta, 56, 4276 — 4280 (2011).

4. Electrochemistry of deposition of boron from KCI-KF-NaBF4 melt, Rahul Pal, S. Anthonysamy
(Communicated)

5. Voltammetric determination of oxide ion in KCI-KF melts, Rahul Pal, S. Anthonysamy (Manuscript
under preparation)

123



List of conference and symposia papers:
International conferences and symposia:

1. An Ag/AgCl reference electrode suitable for electrochemical studies in chloridefluoride melts, Rahul
Pal, K. Ananthasivan, S. Anthonysamy, V. Ganesan, ISAEST-9, Chennai, 2-4 December, 2010. 159

National conferences and symposia:

1. Determination of oxide ion impurity in KCI-KF melt by linear sweep voltammetry, Rahul Pal, S.
Anthonysamy, NCE16, PSGR College, Coimbatore, 15-16 December 2011.

2. Determination of fluorooxoborate species in boron containing mixed chloridefluoride melts using
linear sweep voltammetric (LSV) technique, Rahul Pal, S. Anthonysamy, CRSM, IGCAR, Kalpakkam,
14-15 July, 2011.

3. Electrochemistry of boron deposition from KCI-KF-KBF4 melt: Voltammetric studies on a platinum
electrode, Rahul Pal, K. Ananthasivan, S. Anthonysamy, V. Ganesan, Indo-ltalian Workshop on
Frontiers of Fundamental and Industrial Electrochemistry: The Challenge of Science for a Better
World, University of Delhi, Delhi, 30 - 31 August, 2010.

4. Optimisation of some of the process parameters for the production of elemental boron through
electrowinning process, Rahul Pal, K. Ananthasivan, S. Anthonysamy, V. Ganesan, MR09, IIT
Mumbai, 2-5 May, 2009.

124



Name :  Bishnu Prasad Kar

Enrolment No. . CHEMO02200704014
Constituent Institute . Indira Gandhi Centre for Atomic Research, Kalpakkam
Title :  Conformations of Molecules Containing B Systems: Matrix

Isolation Infrared and AB Initio Studies
Abstract

Conformations arise due to the different spatial orientation of atoms in a molecule, where one form can
interconvert to another, through rotation around formally single bonds. In fact, when a single bond is
flanked between two double bonds, the rotational barrier is comparatively higher than an isolated single
bond, due to conjugation. The rotational barrier is still higher when one non-bonding p-orbital is in
conjugation with a double bond, due to ease of delocalization of the p-orbital. Five molecules containing
1t bond(s) were studied in this work. Stilbene, which involves a m-system and three organic carbonates
which involve n-m system, were studied using matrix isolation infrared spectroscopy and ab initio
methods. The organic carbonates studied were dimethyl carbonate (DMC), diethyl carbonate (DEC) and
diphenyl carbonate (DPC). Another n-rt system containing molecule Dimethoxy silanone (DMSi), a silicon
analogue of dimethyl carbonate was studied for its conformations using ab initio computations. These
molecules are studied in order to understand the conformational behavior of systems with backbone C-
0-(X=0)-0-C, where X= C, Si and P. Phosphorous containing systems (phosphates) have studied earlier in
our lab.

These molecules were trapped in inert gas matrixes (Ar, Kr and N,) at ~10 K on a KBr substrate. An
effusive nozzle source heated at different temperatures was used to deposit the mixture of matrix gas
and sample vapor. Deposition was also performed using a supersonic jet source. These experiments
were performed to alter the population of different conformations in matrix. In order to observe the
photoisomerization, in a few systems, UV-Visible light from a broad band source was irradiated on the
matrix isolated samples. IR spectra of matrix isolated samples evidenced the presence of different
conformations. Ab initio computations at B3LYP/6-31++G** level along with Natural Bond Orbital (NBO)
analysis and atoms-in-molecules (AIM) calculations were used to study these molecules theoretically.

When matrix isolated cis-stilbene was irradiated with UV-visible light from a broad band source,
evidences obtained through IR spectroscopy, showed the presence of both non-planar and planar trans-
stilbene in matrix as the photoisomerization products. Conversion of non-planar form of trans-stilbene
to the planar form on annealing evidenced that later is more stable than former. Planar and non-planar
forms of trans-stilbene were observed due to rotations of phenyl rings. In the study of DMC, the ground
state (cis-cis) and first higher energy (cis-trans) conformer were trapped in the low temperature
matrixes. The hindered rotations around MeO-C bonds are the reason of different conformations in
DMC. In DEC, different orientations of terminal methyl groups and the rotations around EtO-C bonds,
together describe the detail conformational landscape. The IR spectra of matrix isolated DEC were
assigned to four conformers. A few features were assigned for higher energy conformers which were
different from those of ground state conformer. In DPC, both phenyl ring rotation and the rotation
around PhO-C bond are the cause of different conformations in molecules. However, only the ground
state conformer was identified in matrix. Computation study on conformations of DMSi, showed a
similar conformational behavior as in DMC. A comparison study of DMC, DMSi and trimethyl phosphate
(TMP) on the basis of NBO analysis, showed a greater participation of d orbital of phosphorous in
bonding, which resulted in strong geminal and vicinal delocalization interactions, and in turn,
determined the conformational preferences in the phosphate. DMC—H,0 and DEC-H,0, 1:1 complexes
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were also studied here. In both cases, the carbonyl complexes, where H,0 was H-bonded to carbonyl
oxygen, were found to be more exothermic than the alkoxy complexes, where H,0 was attached to
alkoxy oxygen.

Publications
Journals
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Abstract

Commercially boron carbide is synthesized by carbothermic reduction of boric oxide/boric acid.
However, this method is energy inefficient and requires very high temperatures. The product obtained
is in the form of nuggets and coarse-grained. Hence, this product is subsequently crushed and
intensively milled to produce powder. The milled powder is inherently associated with contamination
resulting from the grinding media and hence requires an acid leaching for purification. In addition, this
process results in substantial loss of boron in the form of its oxides due to volatilization at high
temperatures. Hence, the resultant final product, boron carbide, is often found to contain a significant
amount of residual carbon. It is a challenge to synthesize boron carbide without free carbon residue for
various industrial applications. Thermodynamic equilibrium calculations on carbothermic reduction of
boric oxide were carried out using FactStage 6.2. The stability boundaries pertaining to B,O; (1), B4C(s),
B4C(1), B(s), B(1) and C(s) have been evaluated as a function of temperature and C to B,0; mole ratio.
The results of these calculations identified the most favourable conditions of temperature and C to B,03
mole ratio for the synthesis of carbon-free boron carbide through carbothermic reduction of boric oxide.
A low-temperature synthesis of boron carbide by carbothermal synthesis is possible by improving the
dispersion of boric oxide and carbon components. Carbothermal reduction of boric oxide uniformly
distributed in carbon matrix obtained through the pyrolysis of suitable gel precursors is an attractive
low-temperature method for the synthesis of boron carbide. Studies were carried out to synthesize
nanocrystalline boron carbide from various gel precursors.

The lattice thermal expansion of nanocrystalline and microcrystalline boron carbides has been
measured by high temperature X-ray diffraction technique in the temperature range 298-1773 K. The
lattice parameters of both were found to increase with increase in temperature. A new method was
developed for the digestion of boron carbide for its chemical assay. The new digestion technique
developed in this study facilitates relatively fast and accurate determination of total boron, its isotopic
content and trace elements present in it.
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Abstract

In this thesis, detailed analytical and numerical studies have been performed to study the dynamics of
space charge dominated beams (single species and multispecies) propagating through the low energy
beam transport line.

In the first part of the thesis a self consistent kinetic description has been used to understand the
dynamics of a space charge dominated beam in an aligned and misaligned solenoid based transport
system. A general equation for the centroid motion is derived using the nonlinear Vlasov-Maxwell
equation. It has been shown that there exists a self-consistent Vlasov equilibrium distribution in the case
of a uniform beam density. The beam envelope equation with respect to centroid is similar in form to
the K-V envelope equation when the conducting beam pipe is considered very far away from the beam.

The microwave proton sources produce a proton along with major unwanted components are H," and
Hs*. The presence of these unwanted species in an intense beam alters the dynamics of the primary
species during the transport. A multispecies bema envelope model of an axisymmetric space charge
dominated multispecies beam has been developed ofr the evolution of the radius of each species along
the transport line. The effects of the slit are taken into account in the beam envelope model. The
envelope model can be utilized for a precise estimate of the beam envelope, without using particle in
cell methods.

An optimization method based on the random search method has been developed to find the optimal
beam line settings for the transport and matching of the desired primary beam and rejection of
unwanted species at the slit using the developed multispecies beam envelope model.

A detailed analysis has been carried out for the longitudinal and transverse beam dynamics of
intense beams during the beam bunching. The longitudinal dynamics and transverse dynamics have
been studied using disc model and envelop model repectively for various types of fixed shape density
profiles. The beam envelope equation has been modified for short bunches comparable to beam radius
to take into account the longitudinal space charge effect.

A 2D PIC code has been developed for self-consistent beam dynamics study of space charge dominated
beam (single and multispecies) in beam transport line. The PIC code has been used to investigate the
dynamics of beam with different types of distributions in aligned and misaligned solenoid based
transport system. The PIC code has also used to get detailed information about the evolution of the
beam distribution and emittance growth in the case of multispecies beams. It has been shown that the
rejection of unwanted species is very effective when the slit is placed after the hollow formation of the
unwanted species. A 3D PIC code has also been developed to study the dynamics during the longitudinal
compression.
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Abstract

Currently, inflation is the most promising paradigm to describe the origin of the perturbations in the
early universe. Most models of inflation permit a sufficiently long epoch of slow roll inflation, which, in
turn, leads to a featureless, nearly scale invariant, power law, primordial scalar spectrum. Such a
spectrum, along with the assumption of a spatially flat, concordant _CDM [i.e. involving the
cosmological constant A and Cold Dark Matter CDM)] background cosmological model, provides a good
fit to the recent observations of the anisotropies in the Cosmic Microwaveb Background (CMB) by
missions such as theWilkinson Microwave Anisotropy Probe (WMAP).

Even though, as a broad paradigm, inflation can be termed as a success, it would be fair to say that we
are still some distance away from converging upon a specific model or even a class of models. There
exist a wide variety of inflationary models that remain consistent with the data.

While a nearly scale invariant, power law, scalar spectrum fits the observations of the anisotropies in the
CMB quite well, there exist a few data points at the lower multipoles, which lie outside the cosmic
variance associated with the conventional power law primordial spectrum. Statistically, a few outliers in
a thousand or so data points are always expected. However, these outliers can be handy from the
phenomenological perspective of attempting to constrain the models from the data, since only a more
restricted class of inflationary models can be expected to provide an improved fit to these outliers.
Therefore, it is a worthwhile exercise to explore models that lead to certain deviations from the
standard power law, inflationary perturbation spectrum, and also provide a better fit to the data.

Over the last few years, it has been recognized that primordial non-Gaussianity can act as a powerful
probe to help us discriminate further between the various inflationary models. For instance, it is known
that slow roll inflation driven by the canonical scalar fields leads only to a small amount of non-
Gaussianity. But, recent analyses of the WMAP data seem to suggest that primordial non-Gaussianity
may possibly be large. Ongoing missions such as Planck are expected to determine the extent of non-
Gaussianity in the CMB more accurately. It is known that models which lead to features also generate a
reasonably large amount of non-Gaussianity. One of the aims of this thesis work has been to
systematically explore inflationary models that give rise to specific features in the perturbation
spectrum which result in an improved fit to the data, and also lead to observed (or, observable) levels of
non-Gaussianity.

Broadly, this thesis can be divided into two parts. While the first part can be said to be devoted to the
signatures of features and non-Gaussianities on the CMB, the second focuses on their possible
observational imprints in the matter dominated epoch. In the first part, we shall begin with a discussion
on the generation of localized as well as non-local features (i.e. characteristic and repeated patterns that
extend over a wide range of scales) in the inflationary scalar power spectrum that lead to a better fit to
the CMB data than the more standard power law spectrum. We shall also investigate the bi-spectra that
result in such scenarios, and study as to how they compare with the current observational limits on the
non-Gaussianity parameter fNL. In this context, we shall also discuss the effects of preheating in single
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field inflationary models on the evolution of the bi-spectrum. In the second part of the thesis, after
considering the effects of primordial features on the formation of halos, we shall discuss the possibility
of utilizing the observations of the Ly-_ forest towards constraining primordial non-Gaussianity.
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Abstract

Lots of studies have been done to search the origin of intermediate mass fragment (IMF) in heavy —ion
as well as light-ion reactions. But emission mechanism of IMF are not well understood, particularly in
light heavy ion reaction (typically, Aprojectie + Atarget < 60) at moderate bombarding energy (Ei.p < 10 Me
V/A).This might be due to strong overlap between elemental yields of different processes in light heavy
ion systems. Situation becomes more complicated for a—cluster system, where nuclear structure is
known to play an important role in the emission of IMF. In these cases, in addition to the standard
fusion-fission route of fragment emission, the projectile and the target have a finite probability to form a
long-lived dinuclear composite, which directly undergoes scission (without the formation of the fully
equilibrated compound nucleus) to emit complex fragments. This process , termed as nuclear orbiting.
The main aim of the present thesis was to study of the effects of the nuclear structure of the colliding
light-heavy ions in the emission of IMF which is one of the most active fields in low-energy nuclear
physics. Two experiments have been performed for this purpose. An experimental facility has also been
developed to continue this study at intermediate energy range.

IMFs Li, Be.B emission have been studied in a-clustered system e} (127, 125, 145, and 160 MeV)+12C.
The yields of the fragments Li and Be have been found to be hin agreement with statistical-model
predictions. However, the measured yield of B has been found to enhanced compared to the
theoretical prediction of the same. The enhanced yield of fragment B near entrance channel, indicates
the survival of orbiting-like process in *°0 + *2C system at these energies. As orbiting is related to large
deformation, quadrupole deformation parameter of the composite system has also been extracted from
measured o particle evaporation spectra for the same reactions using light charged particle
spectroscopy. Large deformation has been obtained in each case, which is may be another possible
indication of survival of dinuclear orbiting.

The IMFs Li, Be, B emitted from a-clustered system *°C (77 MeV) + *%Si, non a-clustered systems *'B (64
MeV)+ %8S, and *2C (73 Mev) + ?’Al (all having same excitation energy of ~ 67 MeV), have also studied.
The aim was to explore and compare the effect of clustering in the fragment emission process in both
type of systems, o and non-a clustered. The fully energy damped (fusion- fission) and partially energy
damped (deep inelastic) components of the fragment energy spectra have been extracted. It has been
found that the yields of fully energy damped fragments (3 < Z 2 5) are in conformity with thde
respective statistical model predictions. Even the yields of FF fragments emitted from a-cluster system,
2¢ + %sj, also match with extended Hauser-Feshbach model (EHFM) predictions. The time scales of
various deep inelastic fragment emissions extracted from the angular distribution data for the above
reactions and have been found to be similar. The angular momentum dissipation in deep inelastic
collision has been estimated from the data and it was found to be close to the corresponding sticking
limit value.
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Several large experimental facilities are being built as a part of the K500 Superconducting Cyclotron(SCC)
utilization program at VECC which will enable to continue IMF studies in the Fermi Energy domain. |
have, as a part of my thesis work, contributed to the design, development, installation, testing of the
large multipurpose reaction chamber which will cater to the needs of different types of experiments
using these experimental facilities as well as other detector systems. It is a large (1m diameter, 2.2m
long), Segmented, Horizontal Axis, Reaction Chamber (SHARC) which can be pumped down to a nominal
pressure of ~ 5 x 107 mbar in ~8 hours by means of two turbo-molecular (1000 1/s) and two cryo pumps
(2500 1/s) backed by two mechanical pumps (37m?/hr). The vacuum

System and movement of target ladder both can be controlled by PLC (Programmable Logic Controller)
in auto and manual modes with dynamic display of complete status. Special technique has been
developed to fabricate flange with multiple flat ribbon connectors as a feed-through for detectors
placed within SHARC. The installation and testing of SHARC has been completed and presently it is
connected and aligned with the beam line of SSC.
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