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From the Vice-Chancellor

Another year has gone by and | am happy to write for
the annual report. During the year, the Council of
Management amended Memorandum of Association
and Rules to comply with the regulations for deemed
to be universities issued by the University Grants
Commission. Apart from other changes, the
designation of the Principal Executive Officer of the
Institute was changed from the Director to the Vice-
Chancellor.

One activity that took a significant part of time of

many in the Institute during the first few months of

the year was writing the Self-Study Report to be
submitted to the National Assessment and Accreditation Council (NAAC). We uploaded the report
on the website of the Institute in July 2014. Writing the report was an enriching experience for all of
us. A member of the faculty, who was providing inputs for the Constituent Institution he belongs to,
said that he learnt several details about his Institute only through the process of providing inputs for
the report. As a part of preparation for the review by NAAC, Standing Committee of Deans met
several times and documented our practices and this was a very useful exercise in streamlining the
working of the Institute. It was the first time that it came to the fore that about 100 individuals
associated with the Institute are fellows of prestigious academies and many have won prestigious
scientific awards such as Bhatnagar Prize, Homi Bhabha Science & Technology Award, and DAE
Lifetime Achievement Award. Overall, the process of preparing for a review by NAAC was stressful,
but useful.

NAAC aims to assess and accredit universities and colleges in India. Here one may ask why students
come to a university, obviously to acquire education. What is education and what are goals of
education? John Locke, in Some Thoughts Concerning Education (1693), named virtue, wisdom,
breeding, and learning as goals of education. He seems to stress that creating a scholar is not as
important as creating a virtuous man. What is the situation today? | visited web sites of several
universities to learn about views on goals of education at the graduate level and came across a
variety of views about goals. Educating an individual to be virtuous and ethical continues to be a

goal, but continuously expanding stock of information and knowledge, and demands of the
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individual self and society have resulted in adding several elements to the list of goals. Here is an
attempt to list goals of education: (i) to attain mastery of a broad field of learning, (ii) to engage in
and conducting original research, (iii) to effectively communicate knowledge in the discipline, (iv) to
demonstrate analytical ability in the discipline, (v) to exhibit best practice, values and ethics of the
profession, and (vi) to apply knowledge of the discipline.
One also has to examine an associated question: does education serve the needs of the society or
the individual? Certain disciplines can be ‘inert’ and while an individual may have interest in those
topics, society may not benefit from research in such topics. Examples could be aspirations of an
individual for erudition or private answers to philosophical questions. Certain disciplines could have
immediate application, while certain disciplines may be useful on a long-term basis as they could
lead to a better understanding of the universe.
In the case of our Institute, mission of the Department of Atomic Energy (DAE) represents the needs
of the society and members of faculty work on topics needing immediate answers as well as those
which need to be solved on a longer-term. Funding for research is provided by the Government to
work on topics of research as mandated by the mission of the DAE. All students pursuing research in
our Institute work on problems that have been identified as related to the mandate of the DAE and

in a majority of the cases have immediate application. One can proudly say that in HBNI, we pursue

research on relevant topics with a focus on excellence.

LRE. o

(R B Grover)
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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

. Institute of Mathematical Sciences (IMSc), Chennai, and

10. Tata Memorial Centre (TMC), Mumbai.
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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 Cl 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.
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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.
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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. Amongst faculty and scientific officers, there are many who are fellows of
prestigious academies, and winners of national and international awards. List of Fellows who are

faculty of HBNI are given in the following Tables.

L 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 VC, HBNI
4.| R.K. Sinha 1951 1999 Chairman, CoM
5.| H.S. Kushwaha* 1946 2000 BARC
6.| P. Chellapandi 1956 2001 IGCAR
7.1 S.C. Chetal* 1949 2001 IGCAR
8.| T.K. Bera* 1954 2002 BARC
9.| B K Dutta 1953 2004 BARC
10| V.K. Mehra* 1948 2004 BARC
11| Sekhar Basu 1952 2005 BARC
12| T. Jayakumar 1955 2005 IGCAR
13| B.B.Biswas* 1948 2006 BARC
14| S. Venugopal 1955 2006 IGCAR
15| A.K.Bhaduri 1959 2007 IGCAR
16| G K Dey 1957 2008 BARC
17| K. Velusamy 1959 2008 IGCAR
18| R.R.S. Yadav* 1952 2008 BARC
19| U. Kamachi Mudali 1960 2009 IGCAR
20| P.K. Wattal* 1951 2010 BARC
21| K.K. Jayarajan 1962 2011 BARC
22| R. Natarajan 1953 2011 IGCAR
23| K.K. Vaze* 1950 2011 BARC
24| R K. Singh 1953 2012 BARC
25| A.K. Sinha 1956 2012 BARC
26| S. Chaturvedi 1962 2013 BARC
27 C.K. Pithawa 1951 2013 BARC
28| S.B. Roy 1956 2013 BARC
29| K N Vyas 1957 2014 BARC

2. Fellows of the Indian National Science Academy, New Delhi
| | Name | Year of Birth | Year of | CI
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Election
1. | PK. 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

3. Fellows of the Indian Academy of Sciences, Bangalore

Name Year of Birth | Year of CI
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
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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.| A.K. Tyagi 1964 2013 BARC
4. 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
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21.| S. Chattopadhyay 1957 2003 BARC
22.| A.M. Jayannavar 1956 2003 IoP

23.| M. Krishna 1956 2003 IMSc
24.| K. . 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.| A.K. 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.| D. 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
49.| T K Ghanty 1963 2014 BARC
50.| J Mohanty (Mrs) 1971 2014 BARC
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5. Fellow of National Academy of Agricultural Sciences

Name Year of Birth | Year of Election | CI
1. S K 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

7. Fellow of World Academy of Art and Science

Name Year of Birth | Year of Election | CI
1. R.B. Grover* 1949 2013 VC HBNI
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Composition of the Bodies of the Institute
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Management of the Institute

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)

BARC |C|E|H

L [ » S

IGCAR [C|E|P .

RRCAT [E| L

P

11

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.
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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. B. K. Chakrabarti Member

Director, SINP

Prof. R. A. Badwe Member
Director, TMC

Prof. R. Balasubramanian Member
Director, IMSc

Prof. Sandip Trivedi Member
Director, TIFR

Prof. V. Chandrashekar Member
Director, NISER

Prof. J. K. Bhattacharjee Member
Director, HRI

Prof. Ajit Srivastava / Member
Sudhakar Panda

Director, loP

Prof. B.K. Dutta Member-
Dean, HBNI Secretary

Board of Studies of HBNI

Physical Sciences

1.

Prof. Dinesh Srivastava
Variable Energy Cyclotron, Centre
Prof. G.Amarendra

Indira Gandhi Centre for Atomic
Research

Prof. S Ganesh

Institute of Plasma Research

Prof. Ajit Srivastava

Institute of Physics

Prof. P.K.Gupta

Raja Ramanna Centre for
Advanced Technology

Prof. Pinaki Majumdar
Harish-Chandra Research

Institute

Prof. P. Mitra

Saha Institute of Nuclear Physics
Prof. Ramesh Anishetty

Institute of Mathematical Sciences
Prof. S.K.Gupta

Convener

12

Bhabha Atomic Research Centre

10. Prof. S L Chaplot

Bhabha Atomic Research Centre

Chemical Sciences
1. Prof. B.N.Jagtap 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.B.S.Tomar
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
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8. Prof. A. Srinivasan
Head, School of Chemistry,
NISER (IOP)
9. Prof.S. Chattopadhyaya
Bhabha Atomic Research Centre
10. Prof. D. K. Palit
Bhabha Atomic Research Centre

Life Sciences

1. Prof.S.K. Apte  Convener
Bhabha Atomic Research Centre
2. Prof. (Mrs.) S. Chiplunkar
Advanced Centre for Treatment,
Research & Education in Cancer
(ACTREC)
3. Prof Rajiv Sarin
Advanced Centre for Treatment,
Research & Education in Cancer
(ACTREC)
4. Prof H.S.Mishra
Bhabha Atomic Research Centre
5. Prof. J.R. Bandekar
Bhabha Atomic Research Centre
6. Prof. A.K.Sharma
Bhabha Atomic Research Centre
7. Prof.B.J. Rao
Tata Institute of Fundamental
Research
8. Prof. Dipak Dasgupta
Saha Institute of Nuclear Physics

Engineering Sciences

1. Prof.P.K. Vijayan Convener

Bhabha Atomic Research Centre
2. Prof. G. K. Dey

Bhabha Atomic Research Centre
3. Prof. R. C. Hubli

Bhabha Atomic Research Centre
4. Prof. T.Jayakumar

Indira Gandhi Centre for Atomic

Research

5. Prof. B. K. Dutta
Bhabha Atomic Research Centre
6. Prof. A.P. Tiwari

Bhabha Atomic Research Centre
7. Prof. K.Velusamy

Indira Gandhi Centre for Atomic

Research
8. Prof. Kallol Roy

Bhabha Atomic Research Centre
9. Prof.P. V. Varde

Bhabha Atomic Research Centre
10. Prof. D. N. Badodkar

Bhabha Atomic Research Centre

Permanent Invitee

1. Prof. S.Mukherjee

Institute of Plasma Research

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. R.R.Puri
IIT Gandhinagar
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
10. Prof. Adimurthi
TIFR, Bangalore

Strategic Studies

1. Prof.K.L. Ramakumar Convener
Bhabha Atomic Research Centre

2. Dr.K.Raghuraman
Ex-DAE, Navi Mumbai

3. Prof. R. B. Grover
Director HBNI
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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

Health Sciences

1. Prof.K.S.Sharma Convener

Tata Memorial Centre, Mumbai
2. Prof. D. D. Deshpande

Tata Memorial Hospital, Mumbai
3. Dr. N.Roy

Bhabha Atomic Research Centre, Mumbai
4. Prof. S. K. Srivastava

Tata Memorial Hospital, Mumbai
5. Dr.P.S. Yadav

Tata Memorial Hospital, Mumbai
6. Dr.S. B. Banavali

Tata Memorial Hospital, Mumbai

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

Undergraduate Studies

Prof. V.Chandrashekhar -Convener
NISER, Bhubhaneshwar.
Prof. V.Muruganandam
NISER, Bhubhaneshwar
Prof. Pinaki Mazumdar
HRI, Allahabad

Prof. V.K.Jain

BARC, Mumbai

Prof. Amritanshu Prasad
IMSc, Chennai

Prof. S.K.Apte

BARC, Mumbai

Officers of the Institute

Academic

Prof. R.B. Grover Director

Prof. B.K. Dutta Dean

Prof. D. K. Maity Associate Dean
Dr. A.K. Dureja Associate Dean

(w.e.f.01.12.2014)

14

Administrative and Accounts

Shri Himanshu Shankar ~ Finance Officer

Ms. B. Lata Administrative

Officer
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Deans-Academic at the Cls

BARC
Prof. S.K. Apte

Prof. G.K. Dey

Prof. A. K. Mohanty
Prof. B. S. Tomar
Prof. Sandip Basu

IGCAR

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

RRCAT
Prof. S.B.Roy

VECC

Prof. Jane Alam
Prof. D. Sarkar
Sciences

HRI
Prof. Pinaki Majumdar

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

Physical Sciences
Chemical Sciences
Health Sciences

Chemical Sciences
Physical Sciences
Engineering Science

Physical Sciences
Engineering

15

IMSc

Prof. Vijay Kodiyalam Mathematical
Sciences
Physical Sciences

Life Sciences

Prof. Ghanashyam Date
Prof. Gautam Menon

loP
Prof. Ajit Srivastava

loP-NISER

Prof. V. Muruganandam

IPR
Prof. S. Mukherjee

SINP
Prof. P. Mitra

T™MC
Prof. K. S. Sharma
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Standing Committees
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Standing Academic Committees

BARC 6. Dr.G. K. Dey Member
7. Dr.V.K. Suri Member
Physical Sciences & Mathematical Sciences 8. Dr.P.V. Varde Member
9. Dr.D. N. Badodkar Member
1. Dr.S.L. Chaplot Chairman 10. Dr. Kallol Roy Member
2. Dr.S. M. Sharma Member 11. Dr. A. P. Tiwari Convener
3. Dr.V. M. Datar Member
4. Dr. Satish Gupta Member Health Sciences
5. Dr. K. C. Mittal Member
6. Dr. P.D. Krishnani Member 1. Dr. M. G.R. Rajan Chairman
7. Dr. N. K. Sahoo Member 2. Dr. PradeepkumarK. S. Member
8. Dr. D.N.Sharma Member 3. Dr.R. M. Tripathy Member
9. Dr. Amar Sinha Member 4. Dr. (Smt.)S. Banerjee Member
10. Dr. Vinod Kumar Member 5. Dr.B. K. Sapra Member
11. Dr. B. N. Jagatap Convener 6. Dr. M.S. Kulkarni Member
7. Dr. Biriajalaxmi Das Member
Chemical Sciences 8. Dr.S.D.Sharma Member
9. Dr. Gaurav Malhorta Member
1. Dr. K.L. Ramakumar Chairman 10. Dr. Sandip Basu Convener
2. Dr. B. N. Jagatap Member (DRM,
3. Dr.S.K. Aggarwal Member DMRIT,
4. Dr. A K. Goswami Member MPhil,PhD)
5. Dr. D.K. Palit Member 11. Shri Appala Raju Babu Convener
6. Dr. AVR Reddy Member (DipRP)
7. Dr. S. Chattopadhyay Member
8. Dr. B.S.Tomar Member IGCAR
9. Dr. L. Vashney Member
10. Dr. S. Velumurugan Member Physical Sciences
11. Dr. (Smt.) Sharmila Member
Banerjee 1. Dr.G. Amarendra Chairman
12. Dr. V. K. Jain Convener 2. Dr. M.Vijialakshmi Member
3. Dr. B.Venkatraman Member
Life Sciences 4. Dr. M. Sai Baba Member
5. Dr. B. K. Panigrahi Member
1. Dr.S. K. Apte Chairman 6. Dr. A. Bharathi Member
2. Dr. A.K.Sharma Member 7. Dr. K. Devan Member
3. Dr. M. G. R. Rajan Member 8. Dr.AK. Tyagi Member
4. Dr. J.R. Bandekar Member 9. Dr.John Philip Member
5. Dr. S.P.Kale Member 10. Dr. M. T. Jose Member
6. Dr. N.Jawali Member 11. Dr. Sandip Kumar Dhara Member
7. Dr.(Smt.) Hema Rajaram  Convener 12. Dr. N. Subramanian Member
13. Dr. B.V.R. Tata Convener
Engineering Sciences & Strategic Studies
Chemical Sciences
1. Dr.S. Banerjee Chairman
2. Dr.L. M. Gantayet Member 1. Dr. K. Nagarajan Chairman
3. Dr. P.K. Tiwari Member 2. Dr.V. Ganesan Member
4. Dr.R.K.Singh Member 3. Dr. U. Kamachi Mudali Member
5. Dr. P. K. Vijayan Member 4. Dr. A. Bharathi Member
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5. Dr. N. Sivaraman Member 5. Dr.G.S. Lodha Member
6. Dr. C. Mallika Member 6. Dr.P.A.Naik Member
7. Dr.V.Jayaraman Member 7. Dr.S.M.Oak Member
8. Dr. M. Sai Baba Member 8. Shri P. R.Hannurkar Member
9. Dr.K.V.G. Kutty Member 9. Dr. Arup Banerjee Member
10. Dr. S. Anthonysamy Convener 10. Dr. A. Chowdhury Member
11. Dr. S. B. Roy Convener
Engineering Sciences
IPR
1. Dr.T.Jayakumar . Chairman 1. DrSMukherjee Chairman
2. Dr. P. Chellapandi Member
2. DrSSengupta Member
3. Dr.S. Venugopal Member .
. 3. DrDRaju Member
4. Dr. AK. Bhaduri Member o
. . 4. Dr R Srinivasan Member
5. Dr. U. Kamachi Mudali Member
. 5. Dr M Bandyopadhyay Member
6. Dr. K. Velusami Member
6. Dr PK Atrey Member
7. Dr.B.P.C.Rao Member 7 DrASrivastava Member
8. Dr. Saroja Sai Baba Member )
9. Dr. K.Nagarajan Member HRI
10. Dr. M. Sai Baba Member
11. Dr. G. Sasikal C
' astkata onvener Physical Sciences
VECC 1. Dr. Dllleep Jatlfar Convener
2. Dr. Pinaki Majumdar Member
1. Dr.D.K. Srivastava Chairman 3. Dr. An§human Maharana Member
. 4. Dr. Anirban Basu Member
2. Dr. Alok Chakrabarti Member 5. Dr.T.P.Pareek Member
3. Shri Subimal Saha Member ' R
4. Dr. DSarkar go?:sgs;’ Mathematical Sciences
Scigences) & 1. Dr.D. Surya Ramana Convener
. 2. Dr. Rukmini Dey Member
> Dr. Sujit Kumar Member 3. Dr.SD Adhikari Member
Bandyopadhyay
6. Shri Gautam Pal Member . .
. loP Standing Committee
7. Dr. S.R. Banerjee Member .
. 1. Dr. A. M. Jayanavar Chairman
8. Dr. AK. Chaudhuri Member
. 2. Dr.S.K. Patra Member
9. Dr. V.S. Pandit Member
3. Dr.D. Topwal Member
10. Dr. Jane Alam (Convener,
. 4. Dr.S. K. Agarwalla Member
Physical .
. 5. Dr. G. Tripathy Convener
Sciences)
11. g;ﬁ::haaj: 3 Member NISER Standing Committee
paanyay 1. Dr. V. Chandrasekhar Chairman
12. Dr. Tapan Kumar Nayak Member
. 2. Dr. S. Panda, IOP Member
13. Dr. (Smt.) Paramita Member
. 3. Dr. V. Muruganandam Member
Mukherjee 4 Dr. A. Srinivasan Member
14. Dr. Chandana Bhattacharya Member 5. Dr. V. Krishna Kumar Member
6. Dr. Palok Aich Member
RRCAT 7. Dr. Vidyanand Nanjundiah, Member
. 11Sc
1. Dr.P.D. Gupta Chairman 8. Dr. Sandeep Vaerma, Member
2. Dr.P.K. Gupta Member IT Kanpur
3. Dr. L.M. Kukreja Member .
4. ShriC.P. Navathe Member 9. Dr. V. Ravishankar, Member
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10.

11.
12.
13.
14,
15.
16.
17.
18.

[IT Delhi

Dr. Srinivas Vasudevan,
TIFR

Dr. Praful Singru

Dr. Moloy Sarkar

Dr. Anil Kumar Karn

Dr. Bedangadas Mohanty
Dr. Pranay K. Swain

Dr. Harapriya Mohapatra
Dr. D. K. Maity, HBNI

Dr. A. K. Naik

IMSc Standing Committee

Computational Biology

1. Dr. Gautam | Menon

2. Dr. Sitabhra Sinha

3. Dr. Rahul Siddharthan

4. Dr. Areejit Samal

5. Dr. Satyavani Vemparala

Mathematics

1. Dr. Partha Sarathi
Chakraborty

2. Dr. Parameswaran
Sankaran

3. Dr. V.S.Sunder

4, Dr.S. Viswanath

Theoretical Computer Science

1.

2.
3.
4

Dr. Kamal Lodaya
Dr. V. Arvind

Dr. C.R. Subramanian
Dr. Meena Mahajan

Member

Member
Member
Member
Member
Member
Member
Member
Convener

Convener
Member
Member
Member
Member

Convener

Member

Member

Member

Convener
Member
Member
Member
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Dr. Saket Saurabh

Dr. Sayan Bhattacharya
Dr. Venkatesh Raman
Dr. Vikram Sharma

Physics

WENOUAWN R

Dr. VS Nemani

Dr. D. Indumati

Dr. Sanatan Digal

Dr. Sujay R. Ashok

Dr. R. Shankar

Dr. R. Rajesh

Dr. Ganesh Ramachandran
Dr. Srihari Gopalakrishna
Dr. Kalyana Rama

10. Dr. Ronojoy Adhikari

TMC Standing Committee

Life Sciences

ukwnN R

Dr. SV Chiplunkar
Dr. N.V. Shirsat
Dr. R. Kalraiya

Dr. S N Dalal

Dr. Tanuja Teni

Health Sciences

NoukwnNe

Dr. D.A. Chaukar

Dr. K. George

Dr. N.C. Purandare

Dr. Prachi Patil

Dr. Madhavi Shetmahajan
Dr. V.M. Noronha

Dr. Munita Bal

Member
Member
Member
Member

Convener
Member
Member
Member
Member
Member
Member
Member
Member
Member

Convener
Member
Member
Member
Member

Convener
Member
Member
Member
Member
Member
Member
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Annex 3

Faculty List (April 1, 2014 to March 31, 2015)
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BARC

Chemical Sciences

Achary S.N.
Acharya R.
Achuthan P.V.
Agarwal Renu (Ms.)
Aggarwal S.K.
Ali SK. Musharaf
Arya Ashok Kumar
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.
. Chattopadhyay Subrata
. Chaudhury Niharendu
. Choudhury Sharmistha Dutta (Ms.)
. Chowdhury D.P.
. D. Alamelu (Ms.)
. Das D. (RRF)
. Das Tapas
. Das Tomi Nath
. Dash Smruti (Ms.)
. Dash Ashutosh
. 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. (RRF)
. Goswami Madhumita (Ms.)
. Goswami A.
. Grover Vinita (Ms.)
. Hassan P.A.
. Jain V.K.
. Jha S.K.
. Kadam R.M.
. Kannan S.
. Kapoor Sudhir
. Kaushik C.P.
. Kedarnath G.
. Korde Aruna (Ms.)
Kshirsagar R.J.

LN A WDNRE
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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.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.

Kumar Abhinav Dubey
Kumar Awadhesh
Kumar Manmohan
Kumar Sangita D. (Ms.)
Kumar Virendra
Kumar Sanjukta A. (Ms. )
Maity Dilip K.
Majumder C.

Meera Venkatesh (Ms.)
Mishra N.L.

Mishra R.

Mohanty Jyoti (Ms.)
Mohapatra Prasanta Kumar
Mukherjee S.K.

Murali M.S.

Naik Devidas B.

Naik Prakash D.

Naik Y. P.

Natarajan V.

Nath Sukhendu

Nayak A.K.

Nayak Sandip Kumar
Ningthoujam Raghumani Singh
Pabby Anil Kumar
Padmanabhan P.V.A.
Pai Mrinal (Ms. )

Pal Haridas

Palit Dipak K.

Pandey A.K.

Pandey Usha

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

Patra Chandra Nath
Pradeep Kumar

Pujari Pradeep Kumar
Raje Naina (Ms.)
Ramakumar K.L.
Ramamoorthy N.
Ramkumar Jayashree ( Ms.)
Rangarajan S.

Rath M. S.

Ravi P.M.

Ray A.K.

Reddy A.V.R.

Roy Mainak

Sali S.K.

Samanta Alok K

Sanjiv Kumar

Sasikala R. (Ms. )
Satpati Ashish Kumar
Sawant Shilpa N. (Ms.)
Sharma Anubha
Sharma Pramod
Shrivastav Ritu M. (Ms.)
Singh Ajay K.
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107. Singh Dhruva Kumar
108. Singhal Anshu (Ms.)
109. Singhal Rakesh Kumar
110. Sodaye HemantS.
111. Sodaye Suparna (Ms.)
112. SreenivasT.

113. Srinivasan M.P.

114. Sudarshan Kathi

115. Sudarsan V.

116. Sunil Jai Kumar

117. Sunil Sabharwal

118. Sunny Fabby ( Ms. )
119. Tomar B.S.

120. Tripathi A.K.

121. Tripathi R.M.

122. TripathiS.C.

123. Tyagi A.K.

124. Upadhyaya Hari Prasad
125. Varshney Lalit

126. Vatsa R.K.

127. VelmuruganS.

128. Verma Rakesh
Engineering Sciences

1. Awasthi Alok

2. Badodkar D.N.

3. Balasubramaniam R.
4. Banerjee S.

5. Betty C. A. (Ms.)

6. Bhargava Kapilesh

7. Bhattacharjee Anup K.
8. Bidaye A. C.

9. Chakraborty S.P.

10. Chakravartty J.K.

11.  Chakravarty Anindya
12. Chattopadhyay J.

13. Chaturvedi Shashank
14. Das Ramakrishna

15. DeyG.K.

16. Dutta B.K.

17. Dwarakanath T.A.

18. Ghosh A. K. (RRF)

19. Gopalakrishnan Sugilal
20. Grover R.B.

21. Kain Vivekanand

22. Kapoor Rajeev

23. KarD.C.

24. Khan K.B.

25. Mahata Tarasankar
26. Maheshwari N.K.

27. Mukhopadhyay Sulekha (Ms. )
28. Nayak Arun Kumar
29. Pal Sangita (Ms.)

30. Pal Prabir Kumar
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31. Patankar V.H.

32. Prakash Deep

33. Ravindranath S.V.G.
34. Reddy G.R.

35. Roy Debanik

36. Roy Kallol

37. RoyS.B.(Ms.)

38. Samal M.K.

39. Sarvana Kumar U

40. Satya Sai P.M.

41. Sengupta Pranesh
42. Sharma Archana ( Ms.)
43. SinghlJ.B.

44. Singh R.K.

45. Singh R.N.

46. SrivastavaD.

47. Suri A. K. (RRF)

48. TaliyanS.S.

49. Tewari P.K. (RRF)

50. TewariR.

51. Tiwari A.P.

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

54. Varde Prabhakar V.
55.  Vijayan P.K.

56. Vincent Tessy (Ms.)
57. Vinod Gopika (Ms.)
58. Vinod Kumar A.
Health Sciences

1. Basu Sandip

2. Malpani B.L.

3. Sharma Sunil Dutt

4.  Gaurav Malhotra
Life Sciences

1. Acharya Celin

2. Apte S.K.

3. Badigannavar Anand M.
4, Ballal Anand D.

5. Bhilwade H.N.

6. Chawla S. P.

7. Chitela Rajanikant

8. Das Birajalaxmi (Ms.)
9. Fulzele Devanand Pralhadrao
10. GanapathiT.R.

11. Gautam Satyendra
12. Ghosh Anu

13. Gopalakrishnan Roja (Ms. )
14. Jambhulkar Sanjay
15. Jamdar S.N.

16. Kale Sharad P.

17. Kulkarni Savita ( Ms. )
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18. Kulkarni V.M. 22. DevVas
19. Kumar Mukesh 23. Divakar Rao K.
20. KumarS. Santosh 24. Dutta Dipanwita (Ms.)
21. Kumar Vinay 25. Gadkari Sanjay C.
22. Manjayal. G. 26. Gaitonde D.M.
23. Maurya Dharmendra Kumar 27. Ghorui Srikumar
24. MeloJ.S. 28. Goswami B.K.
25.  Misra Hari S. 29. Gupta Anurag
26. Mukherjee Archana (Ms.) 30. Gupta N.K.
27. Mukherjee Prasun Kumar 31. GuptaS.C.
28. Mukhopadhyaya Rita ( Ms.) 32. Gupta Shiv Kumar
29. Nancharaiah Y.V. 33. Jagatap B.N.
30. PandeyB.N 34. Jain Sudhir Ranjan
31. Patro Birija Sankar 35. JhaS.N.
32. Priyadarsini Indira (Ms.) 36. JohnBency V.
33. Rajan M.G.R. 37. Kannan Umasankari ( Ms. )
34, Rajaram Hema (Ms.) 38. Karmakar Debjani ( Ms. )
35. Rao Toleti Subba 39. Kaushik T.C.
36. Reddy Kandali S. 40. Koul Dileep Kumar
37. Saini Ajay 41. Krishnani P.D.
38. Shankar Bhavani S. 42. Kulkarni Mukund S.
39. Rath Devashish 43. Kumar Aniruddha
40. R. Shashidhar 44, Kumar Mukesh
41. Souframanien 45. Kumar Vinay
42. Subramanian Mahesh 46. Kshirsagar Mukul Narayan
43, Chatterjee Suchandra (Ms. ) 47. Mahata Kripamay
44. Suprasanna P. 48. Manohar K.G.
45. Uppal Sheetal (Ms.) 49. Mazumder Subasish
46. Variyar Prasad 50. Mishra Adya Prasad
47. Venugopalan V.P. 51. MishraD.R.

52. Mishra Rosaline

53. Mitra AK.
Physical Sciences 54. MitraS.

55. Mittal Ranjan
1. Ahmed Zafar 56. Mohan Pant Lalit
2. Aswal D.K. 57. Mohanty Ajit Kumar
3. Aswal V.K. 58. Mukhopadhyay Ramaprasad
4. Bakshi Ashok Kumar 59. Murali Chitra (Ms.)
5. Bandyopadhyay Tapas 60. Nakhate S.G.
6. Basu Saibal 61. NayakB.K.
7. BeraS. 62. NilayaJ. Padma (Ms.)
8. Bhattacharyya Dibyendu 63. Pradhans.
9. Biswas Debabrata 64. Rajarajan A.K.
10. Biswas Dhruba J. 65. Ramaniah Lavanya M. (Ms. )
11. Biswas Dipak Chandra 66. RannotR.C.
12. ChaplotS.L. 67. Rao P.M. (Ms.)
13. Chaturvedi Shashank 68. Rao Mala (Ms.)
14. Chauhan A. K. 69. Rao Turumella V. Chandrasekhar
15. Das Amitabh 70. Ravikumar G.
16. DasguptaK. 71. Ray Aditi (Ms.)
17. Datar V.M. 72. Roy Bidyut Jyoti
18. Datta Debabrata 73. Sahoo N.K.
19. Debnath AK. 74. SahuS. K.
20. Degwekar S.B. 75. SakuntalaT.
21. Deo Mukul Narayan 76. Salunke H. G.
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77. Sangeeta Ms.
78. Santra Satyaranjan
79. Sapra B.K.(Ms.)
80. Sastry P. Umamaheswara
81. Saxena Alok
82. Sekhar B.N. Raja
83. SelvamT. Palani
84. Sen Debasis
85. Sharma Surinder M.
86. Shastri Aparna (Ms.)
87. Shrivastava Aradhana
88. Shukla Prashant
89. Singh Ajay
90. Singh Pitamber
91. Sinha Amar
92. Sinha Sucharita (Ms. )
93. Suryanarayana M.V.
94. Tickoo A.K.
95. UdupaD.V.
96. Warrier Manoj Kumar
97. Yusuf S.M.
Strategic Studies

1. Grover R.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 Asesh Krishna
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. Pareek T.P.
16. Pati Arun Kumar
17. RaiSantosh K.
18. Rao Sumathi (Ms.)
19. RavindranV.
20. Sen Ashoke
21. Sen Prasenjit
22. Sen Ujjwal
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Mathematical Sciences
1. Adhikari Sukumar Das
2. Batra Punita

3. Chakraborty Kalyan
4. Dalawat Chandan Singh
5. Dey Rukmini

6. Praksh Gyan

7. Raghavendra N.

8.  Ramakrishnan B.

9. Ramana Surya

10. Ratnakumar P.K.

11. Shah Hemangi M. (Ms.)
12. Thangadurai R.

13. Yadav Manoj Kumar
IGCAR

Chemical Sciences

1. AnanthasivanK.

2. AnthonysamyS.

3. Antony M.P.

4. Das Arindam

5. Ganesan Rajesh

6. Gnanasekar K.I.

7. JayaramanV.

8. JenaHrudananda

9. Joseph M.

10. Mallika C. (Ms.)

11. Mudali U. Kamachi
12. Narasimhan T.S. Lakshmi
13. Panigrahi Bhabani Shankar
14. Prabhakara Reddy B.
15. PonrajuD.

16. Pujar M.G.

17. Rao P.R.Vasudeva
18. SaiBaba M.

19. Satpathy K.K.

20. Sivaraman N.

21. SundararajanK.
Engineering Sciences

1. Albert Shaju K.

2. BasuJoysurya

3. Bhaduri Arun K.

4. Chellapandi P.

5. Choudhary B. K.

6. JayakumarT.

7.  Kumar Anish

8. Laha Kinkar

9. Mathew M.D.

[E
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Mudali U. Kamachi
Mukhopadhyay C.K.
Murugan S.
Parmeswaran P.
Ramachandran Divakar
Rao B. Purna Chandra
Saibaba Saroja (Ms. )
Sasikala G. (Ms.)
Sharma Anil Kumar
Srinivasan V.S.
Valsan M.

Vasudevan M.
Velusamy K.
Venugopal S.

Physical Sciences

LN UAWDNRE
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Amarendra G.
Amirthapandian S.
Bharathi A. (Ms. )
Bhaskaran R.

Chandra Sharat
Chandra Shekar N.V.
Chinnappan Ravi
Dasgupta Arup

Dash Sitaram

Devan K.

Dhara Sandip Kumar
Govindraj R.

Janaki J.

Jose M. T.

Kamruddin M.

Kumar Niranjan
Mangamma G. (Ms.)
Mani Awadhesh
Mathews

Mathi Jaya S.

Panigrahi B.K.

Philip John

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

Sairam T.N.

Sivakumar S.
Sivasubramanian V.
Sridharan V.

Srinivas C.V.
Subramanian N.
Sundar C.S. (SN Bose F)
Sundari S. Tripura (Ms.)
Sundravel B.

Tata B.V.R.
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39. Tyagi Ashok Kumar

40. Venkatesan R.

41. Venkatraman B.

42. Vijayalakshmi M. ( Ms.)
“IMSc

Mathematical Sciences
1. ArvindV.

2. Balasubramanian R.

3. Chakraborty Partha Sarathi
4. Chatterjee Pralay

5. Gun Sanoli (Ms.)

6. lyerJayaN. (Ms.)

7. KesavansS.

8. Kodiyalam

9. Krishna M.

10. Lodaya Kamal

11. Mahajan Meena (Ms.)
12. Mohari Anilesh

13. Mukhopadhyay Anirban
14. NagarajD.S.

15. Prasad Amritanshu

16. Raghavan K.N.

17. RamanV.

18. Ramanujam R.

19. Sankaran Parameswaran
20. Sankaran Viswanath
21. Saurabh Saket

22. Sharma Vikram

23. Srinivas Kotyada

24. Subramanian C.R.

25. SunderV.S.

Physical Sciences

1. Ashok Sujay

2. Adhikari Ronojoy

3. Anishetty Ramesh

4, Date Ghanashyam

5. Digal Sanatan

6. Ghosh Sibasish

7. Gopalakrishna Shrihari
8. Hassan Syed Raghib
9. Indumathi D. (Ms.)
10. Kaul Romesh

11. Laad Mukul S.

12. Mishra Ashok Kumar
13. Mukhopadhyay Partha
14. Nemani Venkata S.
15. RajeshR.

16. Rama S. Kalyana

17. RavindranV.

18. Ray Purusattam

19. Sathiapalan B.
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20. ShankarR.

21. Siddharthan Rahul

22. Sinha Nita (Ms.)

23. Sinha Rahul

24. Sinha Sitabhra

25. Vemparala Satyavani (Ms. )

Life Sciences

Menon Gautam I.
Siddharthan Rahul

Sinha Sitabhra

Vemparala Satyavani (Ms.)

PwNPE

IPR
Engineering Sciences

Gupta S.B.
Mukherjee Subroto
Pathak Surya Kumar
Shyam Anurag
Tanna Vipulkumar L.

ik wnN e

Physical Sciences

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

Jana R. M.

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

LN A WNRE
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30.
31.
32.
33.
34.
35.
36.
37.

loP

Sen A.

Sengupta Sudip
Sharma Devendra
Sharma Pramod Kumar
Shyam Anurag

Singh Raghavendra
Srinivasa Rao C.V.
Srinivasan R.

Physical Sciences

Lo NOUEWDNRE
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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

WO N EWN R
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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
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Enrolment No. : MATH08200704002

Date of Award of degree : 21.04.14

Constituent Institute : Harish-Chandra Research Institute

Title : Nonlinear Schrodinger Equation and the Twisted
Laplacian

Abstract

During my Ph.D., | studied well posedness results for nonlinear Schrodinger equation for the
twisted Laplacian and also for the Laguerre operator. A brief description of the work is given
below.

Nonlinear Schrodinger equation for the twisted Laplacian:

We consider the initial value problem for the nonlinear Schrodinger equation associated to the
twisted Laplacian for a general class of nonlinearity which includes the power type nonlinearity.
We consider first order Sobolev space defined in terms of first order differential operators which
commute with Schrodinger propagator for the twisted Laplacian. In this Sobolev space we
establish the local well posedness of the initial value problem for the nonlinear Schrodinger
equation on C*n. Our approach is based on Strichartz type estimates and fixed point argument.
This work is appeared in J. Funct. Anal. 265 (1) (2013) 1-27. This is a joint work with Prof. P. K.
Ratnakumar.

Nonlinear Schrodinger equation and the twisted Laplacian- Global well posedness:

The Sobolev space considered above is not the energy space, therefore one can not conclude
energy conservation. We overcome this situation by introducing the energy Sobolev space
defined using the certain first order differential operators. Though these operators do not
commute with the Schrodinger propagator for the twisted Laplacian, they have a quasi
commutative relation, suitable for us. The advantage of working with this Sobolev space is that
we get energy conservation in this case. The global well posedness is then deduced via a blowup
analysis, with the help of the mass and the energy conservation established here. This is a joint
work with Prof. P. K. Ratnakumar.

Nonlinear Schrodinger equation for the twisted Laplacian in the critical case :

The method for proving existence of solutions in subcritical cases discussed above will not work
in the critical case, as we do not have suitable Strichartz estimates. We overcome this situation
by using the truncation argument of Cazenave and Weissler (Nonlinear Semigroups, Partial
Differential Equations and Attractors, Lect. Notes Math. 1394, Springer 1989, 18-29) and reduce
the problem to the subcritical case for which we can prove the existence of solution. We obtain
solution to the original problem by limiting argument and by using the Strichartz estimates.
Strichartz estimates for the Schrodinger propagator for the Laguerre operator :

In this work (Proc. Indian Acad. Sci. (Math. Sci.), 2013, 123 (4), 525-537), we consider the n-
dimensional Laguerre operator and establish the Strichartz estimates for the Schrodinger
propagator for the Laguerre operator. Using these estimates, we prove the local well posedness
of the initial value problem for the Schrodinger equation in the L2 space associated to the
Laguerre operator.

Publications

1. (with P. K. Ratnakumar) Nonlinear Schrodinger equation for the twisted Laplacian, J. Funct.
Anal., 2013, 265 (1), 1-27.

2. Strichartz estimates for the Schrodinger propagator for the Laguerre operator, Proc. Indian
Acad. Sci. (Math. Sci.), 2013, 123 (4), 525-537.

3. (with P. K. Ratnakumar) Nonlinear Schrodinger equation for the twisted Laplacian- global
well posedness, communicated.

4. Nonlinear Schrodinger equation for the twisted Laplacian in the critical case, communicated.
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Name : Satyabrata Mishra

Date of Award of degree : 21.04.14
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Constituent Institute : Indira Gandhi Centre for Atomic Research, Kalpakkam
Title : Studies on Development of Process Related Issues in

Aqueous Reprocessing of Fast Reactor Spent Fuels

Abstract

The high level liquid waste (HLLW) resulting from the solvent extraction step in the reprocessing
of spent fuels of Fast Breeder Reactors (FBRs) contains fission and corrosion products in about 4
M nitric acid. Removal of nitric acid from the HLLW is warranted for the reduction of volume,
minimization of corrosion in waste tanks during subsequent storage of concentrated waste
solution as well as to simplify the procedure for waste fixing. During the extraction stage, owing
to high dose of radiation, the solvent and the diluent employed in the extraction process undergo
chemical, thermal and radiolytic degradation resulting in a number of degraded products with
varying physiochemical properties. Accumulation of the degradation products in the solvent can
lead to damages like increase in loss of U and Pu in the raffinate, formation of emulsions and
cruds at the liquid-liquid interface which disturb the continuous extraction process and the
evolution of physiochemical properties of the phases, mainly viscosity and interfacial tension.
Also during extraction, due to the mutual solubility of solvent TBP in FTNCL, the HLLW contains a
small amount of TBP, which undergoes hydrolysis to non-volatile species. When liquid waste is
concentrated at high temperatures in evaporators, exothermic reactions occur due to the
decomposition of TBP-associated compounds. Removal of dissolved TBP is thus, desirable for the
safe operation of the plant.

In the present thesis, electrochemical reduction of 4 M nitric acid was carried out under constant
potential and current conditions. The rate constant was computed from the batch mode
experimental data using kinetic equations. The performance of anodes of different surface area
(SA) was compared in the reduction process. The temperature of the cell was significantly
reduced when anode of higher SA was used. Failure of Pt electroplated Ti anodes after 450 h
implies that plated anodes should be used only at low current density in order to extend their
life. Reaction bonded silicon nitride tube fabricated indigenously performed better than the
imported commercial tube as diaphragm in electrolytic cells.

Continuous and safe denitration was demonstrated in full-scale plant capacity using pure nitric
acid and synthetic waste solutions using formaldehyde as reductant. At temperatures above 98°C
the induction period was 1 - 2 min. The reaction efficiency was computed to be in the range 70-
80 %. Destruction was successfully carried out without antifoaming agents though severe
foaming could be observed in the synthetic solutions with metallic fission products. Volume
reduction of 10 % could be achieved in the overall denitration reaction.

Thermal as well as radiolytic degradation behavior of TBP diluted with Dodecane/NPH in the
presence/absence of nitric acid was investigated. Thermal degradation at 40°C for 800 h or at
60°C for 400 h did not alter significantly the physiochemical properties, but metal retention was
observed to be significant. Radiolysis up to 20 MRad brought marginal change in density,
viscosity and PDT. Beyond 10 MRad, significant amount of Zr gets retained by organic phases.
Irradiation to a higher dose of 100 MRad indicated the formation of new classes of compounds.
TBP-DD system exhibited better stability than the TBP-NPH system.

The solubility of TBP in nitric acid (0 - 14 M) was measured in the range 25 to 60°C. With increase
in temperature solubility increased. Fission products (Zr and Ru) increased the solubility of TBP in
aqueous phase whereas uranium decreased its solubility. The solubility data were correlated to
equilibrium constants and salting out coefficient using classical thermodynamic approach.
Thermodynamic parameters such as heat of reaction, Gibb’s free energy change and entropy
change were estimated by analysing the experimental data.
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Publications

1. “Development of a continuous homogeneous process for denitration by treatment with
formaldehyde”, Satyabrata Mishra, Falix Lawrence, R. Srinivasan, N.K. Pandey, C. Mallika, S.B.
Koganti and U. Kamachi Mudali, J. Radioanal. Nucl. Chem. 2010, 285, 687695.

2. “Development and characterization of porous silicon nitride tubes”, Satyabrata Mishra, C.
Mallika, P.K. Das, U. Kamachi Mudali and R. Natarajan, Trans. Ind. Ceram. Soc. 2013, 72, 52-55.

3. “Thermodynamics of solubility of tri-n-butyl phosphate in nitric acid solutions”, Satyabrata
Mishra, S. Ganesh, P. Velavendan, N.K. Pandey, C. Mallika, U. Kamachi Mudali and R.
Natarajan, Adv. Chem. Engg. Research, 2013, 2, 55-60.

4. “Effect of temperature, concentration of acid and metal ions on the solubility of TBP in
aqueous phase”, Satyabrata Mishra, S. Ganesh, P. Velavendan, N.K. Pandey, C. Mallika, U.
Kamachi Mudali and R. Natarajan, J. Radioanal. Nucl. Chem. (Communicated).

5. “Effect of metal ions and organics on chemical denitration of HLLW”, Sanat Karmakar,
Satyabrata Mishra, C. Mallika, U. Kamachi Mudali and R. Natarajan, J. Chem. Engg. Sci.
(Communicated).

6. “Electrochemical divided cell design for radioactive environment”, Satyabrata Mishra, Falix
Lawrence, N.K. Pandey, C. Mallika, U. Kamachi Mudali and R. Natarajan, J. Appl. Electrochem.
(To be communicated).

7. “A comparative study on the evolution of physiochemical properties and metal retention
behaviour of thermally degraded TBP-Dodecane-HNCL/TBP-NPH-HNCL systems”, Satyabrata
Mishra, S. Joshi, N.K. Pandey, C. Mallika, U. Kamachi Mudali and R. Natarajan, Sep . Sci.
Technol. (To be communicated).

8. “A systematic study on the effect of radiolysis in alteration of physiochemical and metal
retention properties of TBP-Dodecane-FTNCL and TBP-NPH-HNO3 systems”, Satyabrata
Mishra, S. Joshi, N.K. Pandey, C. Mallika, U. Kamachi Mudali and R. Natarajan, Sep. Sci.
Technol. (To be communicated).

Conference Proceedings

1. Satyabrata Mishra, Falix Lawrence, R. Srinivasan, N.K. Pandey, C. Mallika and S.B. Koganti,
“Influence of surface area of anodes in electrochemical reduction processes and performance
evaluation of an electroplated Ti anode”, Proc. Discussion Meet on Electroanalytical
Techniques and Their Applications (DM-ELANTE-2008), Munnar, Feb. 2008, Paper No. 15.

2. Satyabrata Mishra, Falix Lawrence, C. Mallika, S.B. Koganti and U. Kamachi Mudali,
“Characterisation of reaction bonded silicon nitride tubes”, 20th Annual Conf. of Indian
Nuclear Society (INSAC - 2009), organized by INS, IGCAR and BHAVINI, Chennai, Jan. (2010),
p. 124.

3. Satyabrata Mishra, Falix Lawrence, R. Srinivasan, N.K. Pandey, C. Mallika, U. Kamachi Mudali
and S.B. Koganti, “Pilot plant scale denitration by treatment with formaldehyde”, Proc. DAE-
BRNS Biennial Internatl. Symp. on Emerging Trends in Separation Science and Technology
(SESTEC-2010), Kalpakkam, March (2010), pp. 297, 298.
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Title : Corrosion Behaviour of Carbon Materials and

Development of Ceramic Coatings on Graphite Crucibles
for Molten Salt Based Applications
Abstract

To establish pyrochemical reprocessing plants for reprocessing of spent metallic fuelsof Fast
Breeder Reactors with various unit operations it is necessary to identify, develop andqualify
reliable corrosion resistant materials and coatings for service in molten LiCI-KCl saltand molten
uranium environment operating between 773 to 1573 K. Carbon based materialsare proposed as
candidate materials for salt purification and cathode processor crucibles,vessels and liners in
pyrochemical reprocessing involving molten LiCI-KCl salt medium andmolten uranium. The
present thesis work is focused on evaluation of materials and coatingsfor salt purification system
crucible where molten LiCI-KCl salt will be handled and for thecathode processor crucible where
the combined environment of 20 wt% molten salt, cadmium and molten uranium is present. To
meet the requirement of pyrochemical reprocessing unit operations, the evaluation and
performance of materials and coatings were studies in molten LiCI-KCl salt at 873 K for 2000h as
well as in molten uranium at 1623 K. The corrosion behaviour of the carbon materials viz. low
density graphite (LDG), high density graphite (HDG), glassy carbon (GC) and pyrolytic graphite
(PyG) was investigated in molten LiCl- KCl electrolyte salt medium at 873 K for 2000 h under ultra
high pure (UHP) argon atmosphere for selecting the material for salt purification crucible
application. Morphological changes in the carbon materials exposed to molten LiCI-KCl salt
revealed severe corrosion attack on LDG and HDG and the attack on GC was insignificant due to
non-penetration of salt into GC. Removal of carbon particles and surface degradation were not
found in PyG exposed to molten LiCI-KCl and these are observed in LDG and HDG. The corrosion
resistance of carbon materials in molten LiCI-KCl salt at 873 K was observed to follow the order:
LDG < HDG < GC< PyG.

Owing to its availability and economic viability, HDG is considered as one of the structural
materials for salt purification system and as cathode processer crucible. The performance of HDG
in molten LiCI-KCl salt clearly indicated that ceramic coatings are desirable on HDG components
(crucibles) in order to protect them from corrosion attack by salt and molten uranium and to
extend their service life and mechanical integrity at high operating temperatures. Hence, ceramic
coatings of partially stabilized zirconia (PSZ) with NiCrAlY bond coat and top alumina-40 wt%
titania (A40T) with bond coat of Cr3C2-NiCr and without bond coat were developed on HDG
substrates by plasma spray process and these were evaluated for deploying these coated
materials for crucible, liners and vessels applications in pyrochemical reprocessing. The ceramic
coated HDG samples were exposed to molten LiCI-KCl salt for 2000 h at 873 K under UHP argon
atmosphere and compatibility test with molten uranium at 1623 K for 20 min under UHP argon
atmosphere. The unit operations of salt purification and cathode processor are batch processes
in pyrochemical reprocessing. Hence, the durability of coatings developed on HDG substrate
need to be evaluated. For this purpose, ceramic coated HDG samples were subjected to thermal
cycling to understand the durability of the coatings. The molten salt tested carbon materials and
ceramic coated HDG (as-coated and tested) samples were characterized by Scanning electron
microscopy (SEM), Energy dispersive X-ray spectroscopy (EDX), Atomic force microscopy (AFM),
X-ray diffraction (XRD) and Laser Raman spectroscopy (LRS).

The A40T coating developed cracks and salt deposits were found after exposure to molten salt
for 500 h and spallation of A40T coating occurred from HDG substrates after 2000 h of exposure
with Cr3C2-NiCr bond coated as well as without bond coat. To improve the performance of A40T
coating in molten salt, post treatments (annealing and laser melting) were performed. It is
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evident from the results that denser and compact microstructure can be obtained by pulsed laser
melting as compared to vacuum annealing of coatings. Laser melted A40T coatings were exposed
to molten salt showed that the laser melted coatings exhibited better corrosion resistance owing
to their fully dense top layer. The PSZ coated HDG exhibited excellent corrosion resistance in
molten LiCI-KCl salt due to good adherence of the coating to the substrate even after 2000 h of
exposure and no change in the morphology as well as in the phases of the PSZ coating was
observed.

For selecting a coating for cathode processor crucible, the studies were carried out for testing the
PSZ coated samples with molten uranium at 1623 K. A40T coating exhibited poor adhesion on
graphite surface and spallation of coating was observed after compatibility test with molten
uranium in addition to the adherence of uranium metal on the coating surface. The compatibility
of molten uranium with PSZ coatings studies showed that PSZ coating protect the HDG, since the
reaction products/layer observed on the surface of the coating was insignificant. A40T coated
HDG with Cr3C2-NiCr and without bond coat samples were subjected to thermal cycling studies
at 873 K exhibited complete coating spallation after 60 and 80 cycles respectively. The failure of
A40T coating is due to the poor adhesion strength of the coating to the HDG substrates in both
the cases. PSZ coated HDG subjected to thermal cycling studies at 873 and 1023 K showed that
PSZ coating did not exhibit any failure of the coating even after 200 cycles and only network of
cracks generated in the microstructures still resolved with stable tetragonal phase of the PSZ. The
results of the studies reported in this thesis upheld the choice of HDG crucibles and PSZ coating
on them for corrosion protection in molten chloride salt medium and molten uranium based on
the performance in both the environments. Finally, PSZ coating was developed on engineering
scale facility HDG crucibles for future studies at 1623 K to evaluate the combined (molten salt
and molten uranium) environment effect on the coated crucibles.
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Abstract

Phosphate based glasses have low durability, but addition of silica can increase the stability of
phosphate based glasses, which can lead to different applications such as an implant in
biomedical or bonding of different materials. The high phosphate containing silicate glasses with
different additives like iron oxide, ZnO and Ag have been investigated as prospective bio-
materials. The glass/glass-ceramics with nominal compositions 34Si0,-(45-x)Ca0-16P,0s-4.5
MgO-0.5CaF, -xFe,0; (x = 5- 20 wt %), 25Si0,-50Ca0-15P,05-(10-x)Fe,03-xZn0O (x = 0-5 mol %)
and 25Si0,-(50-x)Ca0-15P,05-8Fe;03-2Zn0-xAg (x = 0- 4 mol %) were studied. It was found that
the addition of iron oxide and zinc oxide modifies the structural, micro-structural properties. Iron
oxide behaves as network modifier at low concentration and stabilizes the glass network at
higher content. ZnO stabilizes the glass network when its content increases. In-vitro studies have
shown the formation of bioactive layer after different time of immersion in SBF. The adhesion of
polymer has been seen on the glass-ceramics when immersed in BSA, implying good
biocompatibility. However, polymeric adhesion decreases with addition of ZnO. Antibacterial
response of Ag containing glasses against with Escherichia coli (E. coli) was studied. The glass
samples with 4 mol % Ag have shown effective antibacterial activity against E. coli. P,Os can be
useful as nucleating agent to avoid undesirable reaction at the metal glass interface. In a novel
idea, glasses with low phosphate content have been formulated by the combined addition of
P,Os and BaO [Ba;(P0O,),] to a base glass composition (mol%) 30Si0,-20Sr0-30Ba0-10B,0;-
5La,05-5Al,0;. The positive effect of Baz(PO,), incorporation on thermo-physical properties has
been demonstrated by the decrease in softening temperature, enabling the seal fabrication (with
Crofer-22APU) below 1000°C. Moreover, crystalline phases and TEC were found to be stable and
compatible for sealing applications. The effects of P,0s as a nucleating agent was found further
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corroborated in the presence of V,0s. The V,0s; and P,0s; were found involved in the
crystallization process of glasses with nominal composition (mol%) 27Si0,-23S5r0-32Ba0-4Al,0;-
10B,0;-(4-x)P,05-xV,05.BaSi,05,BaAl,Si,0g BagoSro1ALSi;0g and Sr,SiO, are observed as major
crystalline phases. The addition of V,0s has been found beneficial in glass formulation as the
sealing temperature was reduced.
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Title : Twisted Conjugacy Classes in Lattices in Semisimple Lie
Groups

Abstract

Let I be a group and let ¢ : T = T be an endomorphism. We define an action g.x := gx¢(g-1), for
g, x €T, of [ on itself. The ¢- twisted conjugacy class of an element x € I is the orbit of this action
containing x. A group I has the Ree-property if every automorphism ¢ of I has infinitely many ¢-
twisted conjugacy classes. In this thesis we show that any irreducible lattice in a non-compact
connected semisimple Lie group with finite center and having real rank at least 2 has the R
co-property. We also show that any countable abelian extensions A of I has the R
co-property when (i) the lattice I is linear, (ii) I is a torsion free non-elementary hyperbolic group.
We also consider the R eo-problem for S-arithmetic lattices.
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Title : Development of in vivo Raman Diagnostic Methodolgies

for Oral Pre-Cancers and Cancers
Abstract

Oral cancer is the most prevalent cancer among Indian males. Long term tobacco habits are
considered as major etiological factors. Subjectivity, time consumption are some of the well
known limitations of the conventional diagnosis methods. The work reported in the thesis aims
towards developing and evaluating potential of in vivo laser Raman spectroscopy methods for
non-invasive and objective diagnosis of oral cancers and pre-cancers under clinical setting.

The first objective was to standardize data acquisition and analysis protocols on ex vivo oral
tissues before initiating the in vivo studies. A total of 683 spectra from 36 pairs of biopsies were
obtained. Lipid rich features were observed in normal spectra while tumor showed predominant
protein bands. Correlation with histopathology suggests that misclassification between both
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groups can be primarily attributed to the tissue heterogeneity. By acquiring spectra of intact and
incised oral biopsies, it was demonstrated that morphological and architectural arrangements of
different layers in a tissue contribute to the spectral signatures. Spectral features of normal and
tumor tissues were also correlated with underlying biochemical composition. Area associated
with protein (1450 cm™ and 1660 cm™) and lipid (1440 cm™) bands were computed and
correlated with biochemical estimation. Spectral parameters derived from curve resolved protein
and lipid Raman bands were found to be highly correlating with biochemical measurements.

Following standardization of data analysis and acquisition protocols in vivo studies were
undertaken as part of second objective. For the first time, we demonstrated the feasibility of
acquiring good quality in vivo Raman spectra under clinically implementable time in Indian
population. A total of 444 contralateral normal, 337 tumor and 206 premalignant spectra from
163 subjects were acquired. Mean and difference spectra suggest predominant lipid features in
normal conditions while proteins are rich in tumors. Discrimination of premalignant conditions
against closely associated habitual tobacco users was also demonstrated. Another in vivo study
involving healthy controls, habitual tobacco users and non-tobacco cancer subjects was carried
out, to evaluate potentials of RS in identifying histologically unrecognizable molecular changes
that are indicative of neoplastic transformation. Findings suggest that ‘cancer field effects’ or
‘malignancy associated changes’ can be objectively identified and supports its potential to
become a mass screening tool in public health programs.

In the third objective, a study on tongue cancer derived AW13516 cell-line was taken up to
evaluate potentials of Raman spectroscopy in identifying minor changes associated with
differential level of keratin expression. Spectral features are suggestive of differences in the
protein content and secondary structures. Individual cell morphology was analyzed and findings
suggest that vector control cells have more actin based filamentous protrusions and they are
elongated in shape. However, cells in which Keratin 8 was knocked down show very few actin-
based protrusions and have symmetric contracted epithelial appearance. Morphological
differences were established by generating Raman maps of single cells. Different clusters
corresponding to membranous, cytoplasmic, perinuclear and nuclear regions of the cell were
obtained.

The reported thesis highlighted the efficacy of Raman spectroscopic methods in conjunction with
multivariate analysis tools for unambiguous and non-invasive identification of normal and
pathological conditions as well as the early invisible changes which may be an indicative of
neoplastic transformation in oral cancers.

Publications

1 Atul Deshmukh*, S.P.Singh*, Pankaj Chaturvedi, C. Murali Krishna, “Raman spectroscopy of
normal oral buccal mucosa tissues: A study on intact and incised biopsies” J Biomed Opt16
(12), 2011 (*Equal contribution). (DOI: 10.1117/1.3659680.)

2 S. P. Singh, Atul Deshmukh, Pankaj Chaturvedi, C. Murali Krishna,“Raman spectroscopy in
head and neck cancers: towards oncological applications” J Cancer Res Ther. S2, 8, 2012.
(DOI: 10.4103/0973-1482.92227)

3 S. P. Singh, Atul Deshmukh, Pankaj Chaturvedi, C. Murali Krishna, “In vivo Raman
spectroscopy methods for oral cancers diagnosis” Proc. of SPIE Vol. 8219, 82190K, 2012.
(DOI: 10.1117/12.905453)

4 S. P. Singh, Atul Deshmukh, Pankaj Chaturvedi, C. Murali Krishna, “In vivo Raman
spectroscopic identification of premalignant lesions in oral buccal mucosa” J Biomed Opt,
17(10), 105002,2012. (DOI: 10.1117/1JB0.17.10.105002)

5 S.P.Singh, Hunain Alam, Milind M. Vaidya, C. Murali Krishna,“Raman spectroscopic study of
keratin 8 knockdown oral squamous cell carcinoma cells” Proc. of SPIEVol. 8225, 82251C,
2012. (DOI:10.1117/12.905450)

42



Academic Report 201415

6  S. P.Singh, Aditi Sahu, Atul Deshmukh, Pankaj Chaturvedi, C. Murali Krishna, “In vivo Raman

spectroscopy of oral buccal mucosa: A study on malignancy associated changes
(MAC)/cancer field effects (CFE)” Analyst,138, 4175-4182 2013 (DOI:10.1039/C3AN36761D)

Name : Sudipan De

Enrolment No. : PHYS04200904001

Date of Award of degree : 12.05.14

Constituent Institute : Variable Energy Cyclotron Centre, Kolkata

Title : Photon Production and Forward-Backward Multiplicity

Correlation in Alice at the LHC
Abstract

In this thesis an attempt has been made to measure the multiplicity and pseudoraidity distri-
butions of the inclusive photons and forward-backward (F-B) multiplicity correlations of charged
particles in ALICE at the LHC. Photon production has been studied in p-p and p-Pb collisions using
the data from the Photon Multiplicity Detector (PMD) and the data from the ALICE central barrel
(Time Projection Chamber (TPC) and Inner Tracking System (ITS)) has been used to study the F-B
correlations in p-p collisions.

The first part of the thesis includes the detailed description of PMD, the testing of the PMD
modules and extracting the photon signals using the experimental data and simulation. Multiplic-
ity distribution and pseudorapidity density of incident photons at forward rapidities (2.3 < n <
3.9) have been presented in p-p collisions at As= 2.76 and 7 TeV with the expectation from dif-
ferent event generators like PYTHA Perugia - 0 and PHOIJET. It is found that both the models
underpredict the data. It is observed that the photon multiplicity distributions are well described
by negative binomial distributions (NBD). It is shown that the increase in the average photon
multiplicity as a function of beam energy is compatible with both a logarithmic and power law
dependence. Limiting fragmentation behavior of photons has been studied. Preliminary results of
pseudorapidity density of inclusive photons have been presented in p-Pb collisions at = 5.02TeV
within 2.3 < n < 3.9. The results are presented for minimum-bias as well as different centrality
classes of p-Pb collisions with the expectation from the DPMIJET event generator.

The second part of the thesis includes the study of the forward-backward multiplicity correlation
in p-p collisions at 4/s= 0.9, 2.76 and 7 TeV and the method for the study in heavy-ion collisions.
The results have been presented for minimum bias p-p events within the acceptance of |[n| < 0.8
and 0.3 < pr < 1.5 (GeV/c). Two separate pseudorapidity windows with a bin width of 0.2 to 0.8
rapidity units have been chosen symmetrically around n = 0. The multiplicity correlation strength
has been studied as a function of n gap between the two windows as well as the width of these
windows. It is observed that the correlation strength decreases with increasing n gap i.e. with
increasing distance between two n windows and increases with the width of the each window.
The results have been compared to different MC generators such as, PYTHIA Perugia - 0, PYTHIA
Perugia - 11 and PHOIJET. The relative correlation has been studied in terms of the ratio of the
correlation strength of 7 TeV and 2.76 TeV with respect to 0.9 TeV and it is found to significantly
increase with beam energy. Transverse momentum (p;) dependence of the correlation strength
has been studied. Method for the analysis of forward-backward multiplicity correlation in heavy-
ion collision has been studied using the HIJING event generator. The results are presented for
different centralities using two different methods. It is shown that the method, which takes into
account the fluctuation in centrality selection, should be chosen to determine the forward-
backward correlation strength in heavy-ion collisions.
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Abstract

In this thesis, we briefly discuss some theoretical shortcomings of the Standard Model (SM) and
motivate the need for beyond the SM (BSM) physics. Many BSM extensions predict the existence
of new heavy fermions with masses near the TeV scale. In this thesis we study the LHC
phenomenology of two types of such new heavy fermions, namely the vectorlike quarks (VLQ)
that arise in various warped extra-dimensional theories, and the color octet electrons (COE) that
appear in some quark-lepton compositeness models. We review the construction of the original
Randall-Sundrum model. We show how this model solves the gauge hierarchy problem of the
SM. We also discuss how warped geometry can address the flavor hierarchy problem of the SM
by allowing SM fermions into the bulk. We give the details of some warped models both without
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and with custodial protection of the Zbb coupling that have been proposed earlier in the
literature. For each of these models we carefully work out various Lagrangian terms in the mass
basis relevant to the phenomenology we discuss in the thesis. We present the parameter
choices, which we use for our numerical results, for the different warped-space models.
More than one heavy charge -1/3, 2/3 and 5/3 VLQs can be present in different warped-space
models, and they can mix among themselves and the SM quarks. We explore the pair production
channel for discovery of the new VLQs. However, in addition to pair production, we also look
into some of their important single production channels since single production processes can
give useful information about the electroweak nature of the underlying models. We compute
the discovery luminosity and reach of the different VLQs at the LHC.

We discuss the LHC phenomenology of COE in an effective theory framework. We briefly discuss
various preonic models of quark-lepton compositeness in which COE are present. We display the
interaction Lagrangian of a generic COE and decay width of COE for different choice of
compositeness scale. We have identified a new set of single production diagrams whose
contribution is comparable to other dominant production channels of the COE. In a realistic
computation, after parton showering and hadronization, it is very difficult to separate different
production processes from each other. We implement a search method where the signal is a
combination of pair and single production events. This method has potential to increase the LHC
reach significantly. We compute the discovery lumonosity and reach of the COE at the LHC.
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Abstract

Genus Aeromonas has emerged as an important human and fish pathogen. Detailed studies
regarding the prevalence and characterization of Aeromonas from foods are lacking in India. A
total of 154 food samples {sprouts (80), chicken (14) and fish (60)} were evaluated for the
presence of Aeromonas. Higher prevalence and diversity of Aeromonas species was observed in
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foods of animal origin (21.6%) as compared to plant origin (2.5%). Twenty-two Aeromonas
isolates were identified till species level based on biochemical and molecular methods (16S rRNA
and rpoD sequence analysis). These isolates were identified as A. salmonicida (6), A. veronii bv.
veronii (4), A. caviae (3), A. hydrophila (2), A. veronii bv. sobria (2), A. jandaei (1), A. trota (1), A.
sobria (1), A. allosaccharophila (1) and A. bivalvium (1). The rpoD gene was found to be a better
phylogenetic marker than 16S rRNA gene, even at the intra-species level. Pulsed-field gel
electrophoresis (PFGE) and whole cell protein (WCP) analysis showed high genetic diversity.
Majority of these isolates were positive for virulence factors (virulence genes, extracellular
enzymes and B-haemolysis) and showed marked resistance to commonly used B-lactam
antibiotics. All Aeromonas isolates were very sensitive to gamma radiation, and radiation
processing with 1.5 kGy was effective in achieving 5-log reductions in Aeromonas populations in
mixed sprout, chicken and fish samples. Highly diverse and complex patterns of biofilm formation
were observed in ten Aeromonas isolates under various abiotic stresses (nutrition, temperature,
pH, NaCl and food preservatives). Biofilm formation under environmental stresses was found to
be strain-specific phenomenon and no clear correlation was observed between the source of
isolates and their biofilm forming ability. Aeromonas strains were very sensitive to different
essential oils; minimum inhibitory concentration (MIC) values of clove, ajowain and cinnamon oils
were < 1 mg/ml. Significant expression of stress-response and virulence-associated genes was
observed in A. hydrophila CECT 839" and A331 strains under various stress conditions. Nutrient
replenishment and deprivation significantly induced the housekeeping (rpoD and gapA), general
stress regulator (uspA and rpoS) and virulence (aer) genes in A. hydrophila CECT 839" and A331
strains, indicating their importance in regulating the survival and virulence of A. hydrophila under
these conditions.
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3. Nagar V., Shashidhar R. and Bandekar J.R., Partial 16S ribosomal RNA gene sequence of 14
different isolates belonging to Providencia, Comamonas, Pseudomonas, Morganella,
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Abstract

Indian Nuclear Power program (INPP) has opted for the reprocessing of spent fuels from both
thermal and fast breeder reactors, for the purpose of closing the nuclear fuel cycle. In the
aqueous route for reprocessing of spent fuels, PUREX based solvent extraction process has been
adopted for separating U and Pu from fission products. In the case of fuels discharged from fast
reactors, problems are encountered due to high plutonium content in mixed carbide/oxide fuels,
and high fission product inventory because of high burnups and these problems need to be
addressed. For the separation of Pu and U (partitioning process), the salt-free acetohydroxamic
acid (AHA) is considered to be a better partitioning agent, since it reduces the salt content in the
liquid waste, thereby simplifying the waste treatment steps.

In the present work, AHA had been synthesized by a simple procedure and was characterized by
IR, NMR and UV-Visible spectrochemical analysis. In the proposed method, hydroxylamine
hydrate and acetic anhydride were used as the starting materials, without any catalyst. This
facilitated the easy extraction of the compound formed and further crystallization at 02C after
concentration. Characterization of the prepared compound indicated that its physical properties
resembled closely to that of commercially available Sigma Aldrich (98% pure) product. The UV-
Visible spectrophotometric method for the analysis of AHA was standardized based on the value
of absorbance of Ferric ion - AHA complex and was adopted for the quantitative measurement of
AHA in various stages of AHA utilization. Prior to employing AHA for uranium-plutonium
separation, the reaction of AHA with metal ions in acid medium was studied to understand the
mechanism for the formation of AHA-metal complex. It was observed that AHA reduces the
metal ions exhibiting variable valency and the “nascent metal ion” produced complexes with AHA
instantaneously. As such, AHA does not form any complex with metal ions in acidic medium.
Experiments were conducted with radioactive plant solution for evaluating the efficiency of AHA
in separating U and Pu. A comparison was made on the performance of uranous ions and AHA as
reagents in uranium-plutonium partitioning process. Though uranous was found to be efficient in
stripping plutonium, appreciable quantity of uranium was always present in the product stream,
which requires extensive conditioning prior to reconversion process and ends up with uranium
contaminated plutonium oxide product. On the other hand, AHA, as partitioning agent in nitric
acid medium had led to product streams with very low uranium, resulting in pure plutonium
oxide product. However, the number of stages required for complete stripping of plutonium was
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higher with AHA as partitioning reagent when compared to uranous ions. Behaviour of the fission
products Cs and Ru during partitioning process was compared for uranous and AHA. A uranium
product contaminated with plutonium was purified using AHA and an optimized flow sheet was
proposed.
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Abstract

A detailed study on the absorption of ultra-short, ultra-high intensity laser pulses and the
corresponding x-ray emission from planar targets and various forms of nano-structures, has been
carried out. As the absorption of the ultra-short intense laser pulses in smooth, planar targets is
less, it is important to devise new techniques for increasing the laser energy coupling in high
density matter. We have identified the conditions for maximizing absorption of intense ultra-
short laser pulses in in situ formed nano-particles. The absorption was observed to exceed -70%
in silver clusters produced in situ by sub-ns pulses. The high absorption resulted in a higher x-ray
yield (in the >1 keV region) with a conversion efficiency of 8.5x10"> %. This scheme further led to
an order of magnitude enhancement of the x-ray emission in the water window spectral region
(x-ray conversion of 0.54 % /sr) utilizing the in situ formed carbon clusters, as compared to that in
a planar graphite target. Thus, it is demonstrated to be a simple, single step, cost effective
method to obtain a high rep-rate, nearly debris free x-ray source. Using various nano-structures
like spherical nanoparticles, nano-fibers, nano-rods, nano-tubes, and nano-holes, high laser
energy absorption has been demonstrated, with near complete absorption in carbon nano-tubes.
The theoretical consideration of the nano-particles has helped in understanding the role of target
geometry in enhancement of the electric field, resonances, and the dynamics of the laser nano-
structure interaction. We have analytically predicted multiple resonances in hollow
nanostructure, which can facilitate continued occurrence of resonance. It was also shown that
very efficient hot electron generation takes place in carbon nano-tube-coated targets, which
results in an enhanced Ka line emission. Next, control of the size of the nano-particles is an
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important aspect as the nano- particle properties are highly size dependent. It was observed that
the size of the in situ formed nano-particles can be controlled easily by varying the incident laser
pulse duration. A study of the nano-ripple formation in various semiconductors was also carried
to study the dependence of the ripple width on the incident laser parameters, target material,
band gap, and the ambient medium. The nano-ripple formation has been explained considering
the transient metallic nature of the semiconductor surface on irradiation with a femtosecond
laser pulse which excites surface plasmons, leading to the nano-ripple formation. The
experimental observations help in identifying various conditions to grow the nano-ripples with
controllable ripple period.
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Srivastava, A. Srivastava, G. D. Varma, S. R Kumbhare, and P.D Gupta J. Appl. Phys. 112,
053301, 2012

9. Estimation of electron density and temperature of semiconductor surfaces excited by ultra-
short laser pulse U. Chakravarty, P.A. Naik , J.A. Chakera, A. Upadhyay and P.D. Gupta.
Applied Physics A Materials Science & Processing DOl 10.1007/s00339-013-8063-y

10. Enhanced water window x-ray emission from in situ formed carbon clusters irradiated by
intense ultra-short laser pulses. U. Chakravarty, B. S. Rao, V. Arora, A. Upadhyay, H. Singhal,
P. A. Naik, J. A. Chakera, C. Mukharjee, and P.D. Gupta Applied Physics Letters 103, 054107,
2013

A.2 Thesis related papers presented in Conferences / Symposia

1. A novel method of intense keV x-ray generation from in-situ produced silver clusters using
Ti: sapphire laser pulses. U Chakravarty, P.A Naik, R.A Khan and P.D. Gupta. DAE-BRNS
National Laser Symposium, Vadodara, 2007 Awarded Best Poster Award by the "Indian
Laser Association"\

2. Enhanced x-ray emission in water window region from ultra-short laser pulse irradiation of
carbon nano-fibers. U. Chakravarty, P.A. Naik, B.S. Rao, V. Arora, H. Singhal, R.A. Khan, P.D.
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10.
11.

12.

13.

14.

15.

16.
17.

18.

Gupta, G.M. Bhalerao, A.K. Sinha, Fifth International Symposium on Modern Problems of
Laser Physics, Novosibirsk, Russia, Aug. 2008\

Enhanced x-ray emission in water window spectral region from ultra-short laser pulse
irradiation of carbon nano-fibers.,U.Chakravarty, P.A. Naik , B.S. Rao, V. Arora, H. Singhal,
R.A. Khan, P.D. Gupta, G.M. Bhalerao and A.K. Sinha Fifth International Symposium on
Modern Problems in Laser Physics, Novosibirsk, Russia, Aug. 2008

X-ray emission enhancement in various forms of carbon target under irradiation by ultra-
short laser pulses. U.Chakravarty, P.A. Naik, R.K. Bhat, and P.D. Gupta, Fourth Asian
Symposium on Intense Laser Science, Gwangju, Korea, Nov. 2008

Efficient keV x-ray generation from irradiation of silver clusters by Ti:sapphire laser pulses.
U.Chakravarty, P.A. Naik, S.R Kumbhare, and P.D. Gupta , Fourth Asian Symposium on
Intense Laser Science, Gwangju, Korea, Nov. 2008

Multiple electric field resonances in laser irradiated nano-shells. U. Chakravarty, M. P.
Singh, P. A. Naik, and P. D. Gupta 26™ National Symposium on Plasma Science &
Technology, Patna, Dec.2008

A comparative experimental study of the absorption of intense, short laser pulses in
plasmas formed by planar solids and nano-form matter. U. Chakravarty, P.A. Naik, J.A.
Chakera, V. Arora, R.A. Khan, H. Srivastava, A. Srivastava, P. Tiwari, G.D. Verma, and P.D
Gupta, DAE-BRNS National Laser Symposium, Mumbai, January, 2009.

X-ray emission enhancement in nano-hole alumina irradiated by intense Ti: sapphire laser
pulses. U. Chakravarty, V. Arora, J. A. Chakera, P. A. Naik, Fl. Srivastava, P. Tiwari, A.
Srivastava, S.R. Kumbhare, and P.D Gupta. 24™ National Symposium on Plasma Science &
Technology, Hamirpur, Dec. 2009.

Metal nano-particle formation of various sizes in plasma produced by Ti:sapphire laser
pulses. U. Chakravarty, P.A. Naik, R.K. Bhat, C. Mukherjee, and P.D. Gupta 24" National
Symposium on Plasma Science & Technology, Hamirpur, Dec. 2009.

Enhancement of characteristic hard x-rays emission from an ultra-short pulse laser
produced plasma source. V. Arora, U. Chakravarty, J. A. Chakera, P. A. Naik, S. R. Kumbhare,
H. Srivastava, A. Srivastava, G. D. Verma, and P.D Gupta 24" National Symposium on
Plasma Science & Technology, Hamirpur, Dec. 2009.

Electric field enhancement at multiple densities during hydrodynamic evolution of laser
irradiated hollow dielectric nano-tubes. U. Chakravarty, P. A. Naik, and P. D. Gupta,
International symposium on waves turbulence and coherent structure in plasmas,
Gandhinagar, Feb 2010

Nano-ripple formation on different band-gap semiconductor surfaces using femtosecond
pulses. U. Chakravarty, R. A. Ganeev, J. A. Chakera, M. Babu, P. A. Naik, and P. D. Gupta 19"
DAE-BRNS National Laser Symposium, Indore, December, 2010.

Electric field resonances in laser irradiated nano-tubes. U. Chakravarty, P. A. Naik, and P. D.
Gupta 19" DAE-BRNS National Laser Symposium , Indore, December, 2010.

Enhanced water window x-ray emission from graphite target by dual time delayed
Ti:sapphire laser pulses. U. Chakravarty, B. S. Rao, V. Arora, H. Singhal, P. A. Naik, J. A.
Chakera, and P.D. Gupta 25™ National Symposium on Plasma Science & Technology,
Guwahati, Dec. 2010.

Upshift of resonance density due to asymmetric expansion of laser irradiated nanorods. U.
Chakravarty, P.A. Naik, P.D.Gupta 25" National Symposium on Plasma Science &
Technology, Guwahati, Dec. 2010.

Resonant absorption and x-ray emission from nano-particles of various shapes irradiated
by intense laser pulses. U. Chakravarty, P.A. Naik, V. Arora, J.A. Chakera, B.S. Rao, H.
Singhal, S.R. Kumbhare, and P.D. Gupta Topical Conference on EM radiation interaction
with atom molecule and cluster, Indore, March 2010.

A novel technique to obtain surface plasma electron density and temperature of
semiconductor surfaces excited by ultra-short laser pulse. U. Chakravarty, P.A. Naik, J.A.
Chakera and P.D. Gupta 27" National Symposium on Plasma Science & Technology,
Puducherry, Dec.2012

Hole size effect in hard x-ray emission from intense laser irradiated nano-holes. U.
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Chakravarty, V Arora, J. A. Chakera, P. A. Naik, H. Srivastava, P. Tiwari, A. Srivastava, and

P.D Gupta 26™ National Symposium on Plasma Science & Technology, Patna, Dec.2011.
Awarded Best Poster Award by the "Plasma Science Society of India"

Name : Neelam Shivran

Enrolment No. : PHYS03200804001

Date of Award of degree : 19.05.14

Constituent Institute : Bhabha Atomic Research Centre, Mumbai

Title : Synthesis of Functional Bodipy Molecules for Multiple
Applications

Abstract

With the objectives of developing Bodipy-based materials for various applications several
Bodipys were synthesized. The Bodipys, synthesized by replacing F atoms at the boron centre
with a polyethyleneglycol (PEG) derivative as such, and in conjunction with introduction of meso-
aryl group showed increased photostability than PM567, without compromising the lasing
efficiency. Based on results of the theoretical calculations and pulse radiolysis studies, The
improved photostability was explained in terms of reduced generation and reactivity with *0,.
Subsequently, the concept of steric strain release was illustrated to formulate a new route for
meso-functionalization of the Bodipy core overriding the acidity factor of per-methylated
Bodipys.

For some biological studies, a panel of glycosylated Bodipys with red-shifted emission was
synthesized for the first time. Bioevaluation of these molecules showed their i,pressive photo-
toxicity without any dark toxicity and good bioavailability in human lung cancer A549 cells. The
compounds induced cellular apoptosis via the extrinsic pathway, and are potential PDT agents.
However, a diglycoside of dihydrostyryl Bodipy formed nano-hydrogel in aqueous EtOH and THF,
and their size could be controlled by varying the water concentration.

In a radically different approach, a meso-alkenyloxyphenyl Bodipy-was grafted on Si to form o—mnt
monolayer that showed good current rectification due to a resonant transport between the Si
conduction band and the HOMO of the it group. However, a self-assembly of the Bodipy, PM567
on the monolayer led to another type of device showing NDR behavior with good PVR (10-1000)
with hysteresis.

Publications

Journal papers

1. K. K. Jagtap, # Neelam Shivran, # S. Mula,” D. B. Naik, S. K. Sarkar, T. Mukherjee, D. K. Maity
and A. K. Ray Change of Boron Substitution Improves the Lasing Performance of Bodipy
Dyes: A Mechanistic Rationalisation Chem. Eur. J. 2013, 19, 702-708. Equal contribution#

2. Vibha Saxena, P. Veerender, S.P. Koiry, A.K. Chauhan, D.K. Aswal, S. Mula, Neelam Shivran,
S. Chattopadhyay and S.K. Gupta Borondipyrromethane (BODIPY) as Sensitizer for Dye
sensitized solar cell. Proc. Am. Inst. Phys. 2012, 1451, 272-274. (Indian Vacuum Society
Symposium on Thin Films: Science and Technology).

3. Neelam Shivran, S. Mula, T.K Ghanty and S. Chattopadhyay Steric Strain Driven Bodipy
Functionalization Synfacts 2012, 8, 0036.

4, Neelam Shivran, S. Mula, T.K Ghanty and S. Chattopadhyay Steric Strain Driven Bodipy
Functionalization Org. Lett. 2011, 13, 5870-5873. (Highlightedin Synfacts).

5. V. Saxena, S.P. Koiry, P. Veerender, Vasundhara, D.K. Aswal, S.K. Gupta, Neelam Shivran, S.
Mula, S. Chattopadhyay, J.V. Yakhmi A simple photoelectrochemical cell using Fe™*/Fe™
(aq) as redox couple. Proc. Am. Inst. Phys. 2010, 1313, 400-402. (International Conference
on Physics of Emerging Functional Materials (PEFM- 2010)).

6. Neelam Shivran, M. Tyagi, P. Gupta, S. Mula, S. Chattopadhyay Synthesis and
photodynamic activity of some glucose-conjugated BODIPY dyes (J. Med. Chem.
communicated)
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Conference papers

1. Shivran Neelam, Tyagi M., Mula S., Chattopadhyay S. A new tool for PDT: BODIPY-O-
Glycosides. Sao Paulo Advanced School on Bio-organic Chemistry, Araraquara, Brazil, 30"
June - 5" July, 2013, abstract no: 05-18.

2. Shivran Neelam, Mula S., S. P. Koiry, D.K.Aswal and Chattopadhyay S. Demonstration of
Negative Differential Resistence (NDR) Behavior in Supramolecular Assembly of BODIPY
Derivatives. Proc. 21" IUPAC International Conference on Physical Organic Chemistry
(ICPOC-21), Durham, Royal Society of Chemistry, United Kingdom, September 9-13, 2012,
abstract no: P-103.

3. Shivran Neelam, Mula S. and Chattopadhyay S. Synthesis and Photophysical Characterization
of Bodipy Glycosides. Proc. 4™ Interdisciplinary Symposium on Materials Chemistry (ISMC-
2012), BARC, India, Dec. 11-15, 2012, abstract no: L-12

4. Shivran Neelam, Mula S., Jagtap K.K., Ray A.K. and Chattopadhyay S. Formulation of a Photo-
stable Red-shifted BODIPY Laser Dye. Proc. DAE-BRNS 11" Biennial Trombay Symposium on
Radiation & Photochemistry (TSRP-2012), BARC, India, Jan 4-7, 2012, abstract no: PC-126.

5. Shivran Neelam, Mula S., Jagtap K.K., Ray A.K., Dasgupta K. and Chattopadhyay S. Rational
design of a new photostablepyrromethene laser dye. Proc. National Symposium on
Radiation and Photochemistry (NSRP-2011), Jodhpur, India, March 10-12, 2011, abstract no:
PC-83.

6. Saxena V., Koiry S.P., Veerender P., Vasundhara, Aswal D.K., Gupta S.K., Shivran Neelam,
Mula S., Chattopadhyay S., Yakhmi J.V. A simple photoelectrochemical cell using Fe+++/Fe++
(agq) as redox couple. INTERNATIONAL CONFERENCE ON PHYSICS OF EMERGING
FUNCTIONAL MATERIALS (PEFM-2010). Proc. Am. Inst. Phys. 2010, 1313, 400-402.

7. Shivran Neelam, Mula S., Koiry S.P., Aswal D.K. and Chattopadhyay S. Self- assembled
BODIPY-bilayered silicon wafers with NDR property. Proc. DAE-BRNS 3™ International
Symposium on Materials Chemistry (ISMC-2010), Mumbai, India, December 7-11, 2010,
abstract no: D-14.

8. Jagtap K.K., Mula S., Shivran Neelam, Ray A.K. and Chattopadhyay S. BODIPY dye with
improved photostablility and lasing efficiency. Proc. DAE-BRNS 10™ Biennial Trombay
Symposium on Radiation & Photochemistry (TSRP-2010), Lonawala, India, September 14-17,
2010, abstract no: PC-082.

9. Mula S., Jagtap K.K., Shivran Neelam, Ray A.K., Dasgupta K. and Chattopadhyay S. Rational
Design of a new photostablepyrromethene (PM) laser dye. Proc. Ninth DAE-BRNS National
Laser Symposium (NLS-09), BARC, Mumbai, India, January 13-16, 2010, abstract no: CP-33.

Name : Amit Ranjan

Enrolment No. : LIFE09200604010

Date of Award of degree : 12..05.14

Constituent Institute : Tata Mdemorial Centre, Mumbai

Title : Role of Beta 1,6 Branched N-Linked Oligosaccharides in
Regulating Key Cellular Processes Involved in Cancer Cell
Invasion

Abstract

Expression of 1,6 branched N-linked oligosaccharides has been shown to correlate positively
with invasiveness of several metastatic cancers. These are also expressed on the normal cells
involved in invasive function, like trophoblast cells, activated granulocytes and macrophages. The
study investigated the role of these oligosaccharides in regulating processes critical for cancer
cell invasion by comparing invasive variant B16BL6 with its parent cell line B16F10 which differ in
the expression of these oligosaccharides.
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The first objective was to investigate the probable terminal substitutions on these
oligosaccharides that might be providing optimum adhesion to matrix to be invasive. Alpha 2,6
linked sialic acids (SA) were found to be major terminal substitution that were associated with
these oligosaccharides on B16BL6 cells. Inhibition of expression of ST6Gal-1, the enzyme that adds
02,6 linked SA on N-linked oligosaccharides decreased adhesion to both extracellular matrix
(ECM) and basement membrane (BM) components fibronectin and matrigel, respectively.
Substitution of a2,6 linked SA on these oligosaccharides was shown to be critical for influencing
adhesion to matrices and thus invasion through matrigel, a reconstituted BM.

The Second objective was to investigate the role of B1,6 branched N-oligosaccharides in
regulating another important aspect of invasion, that is matrix degradation. Although, the
invasive variants did not differ in the basal secretion of MMPs, increased adhesion facilitated by
these oligosaccharides induced secretion of MMPs and thus invasion. Inhibition of expression of
these oligosaccharides inhibited adhesion and thus secretion of these enzymes. Further, the
induction in MMP-9 secretion was shown to be due to increase in MMP-9 transcript. Besides,
induction in MMP-9 secretion, enhanced expression of membrane tethered MT1-MMP also
correlated with invasive potential of cells. Presence of these oligosaccharides on B1 integrin
appeared to regulate the association of integrin receptors with MT1-MMP, thus coupling matrix
degradation to movement.

Third objective was to investigate role of these oligosaccharides in regulating motility on ECM
and BM components. Both fibronectin and laminin receptors were shown to carry these
oligosaccharides. Glycosylation on integrin receptors was shown to regulate movement by
modulating their association with respective tetraspanin enriched membrane microdomains.
Presence of such oligosaccharides on laminin receptors a3B1 was shown to regulate its
association with tetraspanin CD151 restraining cellular motility to promote invasion of the
basement membrane (matrigel)

The reported thesis highlighted the complex mechanisms involved in cellular invasion and the
role of B1,6 branched N-oligosaccharides in regulating them at multiple steps to achieve
optimum invasion.

Publications

a. Journal Publication:

1. “Alpha 2,6 sialylation associated with increased 31,6 branched N-oligosaccharides influences
cellular adhesion and invasion”, AmitRanjan, Rajiv Kalraiya,J Biosci., December 2013, 38(5), 1-
10 (DOI10.1007/s12038-013-9382-z).

2. “Glycosylation of the laminin receptor (a3B1) regulates its association with tetraspanin
CD151: impact on cell spreading, motility, degradation and invasion of basement membrane
by tumor cells”,AmitRanjan, Sanjay M. Bane,Rajiv Kalraiya Experimental cell research, 1 April
2014, Volume 322, Issue 2, Pages 249-264 (DOI 10.1016/j.yexcr.2014.02.004).

b. Conference Publication:

1. “Glycosylation of laminin receptor integrin (a3B1) regulate their association with tetraspanin
CD151 and thus motility/invasion on basement membrane component
(matrigel)”,AmitRanjan, Rajiv Kalraiya Glycobiology,(2012) 22(11): 1487-

1661 doi:10.1093/glycob/cws127 (abstract published).

¢. Journal Communicated:

1. “Mechanisms of matrix remodeling adopted by melanoma cells selected specifically for
invasive characteristics”,AmitRanjan, Rajiv Kalraiya and is under review in BioMed Research
International.
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Name : Ajesh P. Thomas
Enrolment No. : CHEMO07201004001
Date of Award of degree : 23.05.14
Constituent Institute : NISER (Institute of Physics), Bhubaneswar
Title : N-Confused Porphyrin Derivatives : Syntheses

Tautomeric Existence, Exchange, Aggregation Properties
and Photodynamic Therapy

Abstract

This chapter describes the synthesis, spectral and structural characterization, solvent dependent
tautomeric existence and exchange of a novel octa-hydroxy N-confused porphyrin derivative;
meso-Tetrakis(3,5-dihydroxyphenyl)N-Confused Porphyrin (NCPH). The tautomeric existence and
exchange of NCPH was investigated through various spectroscopic techniques such as UV-Vis,
fluorescence and FT-IR spectroscopy in different polar protic and aprotic solvent combinations. A
combination of DMSO/ACN, DMSO/H20, MeOH/ACN and MeOH/H20 were used for the
investigations. Solvent driven aggregation in these combinations was also monitored through
scanning electron microscopy (SEM) and atom force electron microscopy (AFM) analysis. The
morphological features observed in the different solvent combinations was explained on the
basis of difference in the hydrogen bonding formation possible due to the existence of different
tautomeric forms in the particular medium. Further, the role of anions in determining the
morphology during aggregation was studied.

Publications
a) Published

1. 9,10,19,20-Tetraarylporphycenes: K. S. Anju, S. Ramakrishnan, Ajesh P. Thomas, E. Suresh, and
A. Srinivasan, Org. Lett. 2008, 10, 5545-5548.

2. Calix[n]Jmetallocenyl[m]phyrins (n = 1, 2 and m = 2, 4): aryl vs. alkyl: S. Ramakrishnan, K. S.
Anju, Ajesh P. Thomas, E. Suresh, and A. Srinivasan, Chem. Commun. 2010, 46, 4746-4748.

3. Calix[2]-m-benzo-[4]phyrin with Aggregation-Induced Enhanced Emission Characteristics:
Application as Hg2+ Chemosensor: P. S. Salini, Ajesh P. Thomas, R. Sabarinathan, S.
Ramakrishnan, K. C. Gowri Sreedevi, M. L. P. Reddy, and A. Srinivasan, Chem. Eur. J. 2011, 17,
6598-6601.

4. 5,5-Diaryldipyrromethanes: syntheses and anion binding properties: K. C. Gowri Sreedevi,
Ajesh P. Thomas, P. S. Salini, S. Ramakrishnan, K. S. Anju, M. G. Derry Holaday, M. L. P. Reddy, C.
H. Suresh, and A. Srinivasan. Tetrahedron Lett. 2011, 52, 5995-5999.

5. 4,4,9,9-Tetraphenyl pyrroloindolizine: A Structural Analogue of Calix[2]pyrrole: K. C. Gowri
Sreedevi, Ajesh P. Thomas, S. Ramakrishnan, P. S. Salini, M. G. Derry Holaday, M. L. P. Reddy, and
A. Srinivasan. Org. Biomol. Chem. 2012, 10, 3600- 3605.

6. *meso-Tetrakis(p-sulfonatophenyl) N-Confused Porphyrin Tetrasodium Salt: A Potential
Sensitizer for Photodynamic Therapy: Ajesh P. Thomas, P. S. Saneesh Babu, S. Asha Nair, S.
Ramakrishnan, Danaboyina Ramaiah, T. K. Chandrashekar, A. Srinivasan and M. Radhakrishna
Pillai. J. Med. Chem. 2012, 55, 5110-5120.

7. ansa-Ferrocene-Incorporated Calixpyrroles and Calixphyrins: Syntheses and Spectral/Structural
Characterization. S. Ramakrishnan, K. S. Anju, Ajesh P. Thomas, K. C. Gowri Sreedevi, P. S. Salini,
M. G. Derry Holaday, Eringathodi Suresh, and A. Srinivasan. Organometallics 2012, 31, 4166-
4173.

8. *meso-Tetrakis(3,5-dihydroxyphenyl)N-Confused Porphyrin: Influence of polar

protic and aprotic solvents in tautomeric existence, exchange and morphology. Ajesh

P. Thomas, K. C. Gowri Sreedevi, B. Adinarayana, S. Ramakrishnan, and A. Srinivasan. RSC Adv.
2013, 3, 16967-16972.

*Pertaining to thesis
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b) Communicated

1. Photoenolization of Diformyl Diaryldipyrromethane via ESDPT to Result in “Turn On”
Fluorescence. K. C. Gowri Sreedevi, Ajesh P. Thomas, K. H. Aparna, Renuka Pradhan, M. L. P.
Reddy, U. Lourderaj, and A. Srinivasan. Chem. Sci.

¢) Manuscript under preparation

1. *Anion Induced Aggregation of meso-tetrakis(3,5-dihydroxyphenyl)N-Confused Porphyrin.

2. *Photodynamic Therapeutic application of meso-tetrakis(3,5-dihydroxyphenyl)NConfused
Porphyrin.

3. *Morphological changes of free base and Ag(lll) complex of long chain substituted derivatives
of N-confused porphyrin.

Name : Md. Nasim

Enrolment No. : PHYS07200904007

Date of Award of degree : 23.05.14

Constituent Institute : NISER (Institute of Physics), Bhubaneswar

Title : Azimuthal Anisotropy Measurements for Identified
Particles Produced in Au + Au Collisions At OsNN = 7.7-
200 GeV

Abstract

The quantum chromodynamics (QCD), a theory of strong interaction between quarks and gluons,
predicts that at very high temperature and/or high density quarks and gluons will be no longer
confined within the hadrons [1]. This de-confined state is known as Quark-Gluon-Plasma (QGP). It
is believed that just after Big-Bang the universe was consisted of free quarks and gluons. The
main aim of the Relativistic Heavy lon Collider (RHIC) at Brookhaven National Laboratory (BNL) is
to create such de-confined state in laboratory and measure its properties.

After observing the clear signatures of the formation of QGP matter in Au+Au collisions at centre-
of-mass energy (*/syy) of 62.4 and 200 GeV, attempts are being made to vary the colliding beam
energy and to search for the transition region in terms of colliding beam energy between the
partonic and/or hadronic dominant interactions in the QCD phase diagram. This is one of the
main goals of the Beam Energy Scan (BES) program at RHIC [2]. In this program study of
azimuthal anisotropy (known as elliptic flow) of produced particles will play a crucial role, since it
is sensitive to the early dynamics of system created in the heavy-ion collision [7]. At top RHIC
energy in Au+Au collisions, 0 meson has played an important role to establish that matter formed
in such collisions is partonic i.e de-confined phase of quarks and gluons [36, 5]. Due to the small
hadronic interaction cross-section, the yield and elliptic flow of the 0 meson are primarily
controlled by the partonic interaction in the relativistic heavy-ion collisions [6, 17]. Therefore
study of 0 meson will be the key measurement at RHIC BES program.

This thesis includes the study of elliptic flow of 0-meson and inclusive charged hadrons in Au+Au
collisions at RHIC energies (*/sww = 7.7-200 GeV) in STAR experiment. The measurement of
transverse momentum spectra of 0 meson at RHIC BES energies (Vsyy = 7.7-39 GeV) has been
presented. It also includes systematic measurement of centrality dependence of multi-strange
hadrons (0, 5, and G) v, in Au+Au collisions at ¥/syy = 200 GeV. In addition, various models
(Transport and Hydro) have been used to explain the experimental data. The content of this
thesis is as follows. We will present the beam energy dependence of invariant yield and elliptic
flow (v,) of 0 meson in Au+Au collisions, data collected in the years 2010 and 2011 by the STAR
experiment. The observed number-of-constituent quark (NCQ) scaling of identified hadrons v,
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was considered as signature for the formation of de-confined matter [8]. This NCQ scaling, mainly
for multi-strange hadrons (0, S and Q), has been considered as a necessary signature for the
formation of QGP [6, 17, 9]. In this thesis NCQ scaling of 0-meson v, will be presented for
different beam energies to search for the turn-off of the QGP signature.

The nuclear modification factor (Rep), defined as the particle yields in central nucleus- nucleus
collisions to those in peripheral collisions, is also an important observable for studying QGP. For
the QGP state, Rep is expected to be less than unity at the high pr due to energy loss of high-p;
partons in the dense medium created in central collisions [12]. In addition, R.p of identified
hadrons shows particle type dependence (i.e baryon-meson separation) at intermediate p;
similar to v,. To confirm this baryon- meson separation, 0 meson is considered as an essential
probe, since it is a meson but it is has a mass comparable to the mass of the lightest baryons
(such as proton). The measurement of 0-meson Ry as a function of p; for different centre-of-
mass energies will be presented in this thesis.

We will also discuss particle ratio to shed light on 0-meson production mechanism in the heavy-
ion collisions. The ratio of yield of the 0 meson to the yield of the kaon, N(0)/N(K), can be used to
determine whether kaon coalescence is the dominant process for 0-meson production. The ratios
N(0)/N(K) as function of collision centrality and centre-of-mass energy will be shown. The ratio of
yield of the Q baryon to the yield of the 0 meson, N(Q)/N(0), are also observed to be sensitive to
the particle production mechanism. At Asyy = 200 GeV, the ratios N(Q)/N(0) can be well explained
by the quark recombination model for particle production [12, 11]. In this thesis, we will present
the N(Q)/N(0) as function of p; for various new beam energies in RHIC BES program.

In addition, we will explore the early dynamics of the system created in the heavy-ion collision by
studying the elliptic flow of charged hadrons. In this thesis the measurement of inclusive charged
hadron v, as function of transverse momentum, collision centrality and beam energy will be
shown. These measurements will be compared to various models calculations and results from
top RHIC and LHC energy.

Like 0 meson, other multi-strange hadrons i.e. S and Q also have small hadronic interaction cross
sections and they freeze-out close to the quark-hadron transition temperature predicted by
lattice QCD [13, 14, 15, 16]. Hence, the multi-strange hadrons are expected to provide
information from the partonic stage of the evolution in the heavy-ion collisions. Due to limited
statistics, from the earlier measurements on v, of multi-strange hadrons at RHIC, it was not
possible to make strong physics conclusions. With high statistics data set collected by STAR
experiment at top RHIC energy in the years 2010 and 2011, it is now possible to have high-
precision measurements of multi-strange hadrons v,. In this thesis we will present systematic
measurements of centrality dependence of multi-strange hadrons v,. Number-of-constituent
quark scaling will be presented for different collision centrality classes to see how the partonic
collectivity changes with different system size. Other possibility is to study the effect of the late-
stage hadronic re-scattering on v, low pr. Initial simulations using a hybrid model
(Hydro+Cascade) showed that the usual mass ordering trend of v,(0) < v,(p) will be reversed due
to the late-stage hadronic re-scattering [16]. In this thesis we will investigate this effects by
comparing v, of proton and 0 meson at low py in experimental data.
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1. Using 0-meson elliptic flow to map the strength of the partonic interaction. * Md. Nasim,
Phys. Rev. C 89 (2014) 034909.

2. Observation of an energy-dependent difference in elliptic flow between particles and anti-
particles in relativistic heavy ion collisions. * L. Adamczyk et al. (STAR Collaboration) Phys.
Rev. Lett. 110 (2013) 142301.

3. Elliptic flow of identified hadrons in Au+Au collisions at A/sw=7.762.4 GeV. * L. Adamczyk et
al. (STAR Collaboration), Phys. Rev. C 88 (2013) 014902.
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4. Elliptic flow of 0-meson a sensitive probe for onset of de-confinement transition in high
energy heavy-ion collisions. * Md. Nasim, B. Mohanty and N. Xu, Phys. Rev. C 87 (2013)
014903.

5. Inclusive charged hadron elliptic flow in Au + Au collisions at yCNN =7.7-39 GeV. * L.
Adamczyk et al. (STAR Collaboration), Phys. Rev. C 86 (2012) 054908.

6. Longitudinal scaling of observables in heavy-ion collision models. * Md. Nasim, C. Jena, L.
Kumar, P. K. Netrakanti and B. Mohanty. Phys. Rev. C 83 (2011) 054902.

7. Energy dependence of elliptic flow from heavy-ion collision models.* Md. Nasim, L. Kumar, P.
K. Netrakanti and B. Mohanty. Phys. Rev. C 82 (2010) 054908.

8. Systematic study of the elliptic flow parameter using a heavy-ion collision model * Md. Nasim
and B. Mohanty. e-Print: arXiv:1402.6093 [nucl-ex].
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Abstract

The main objectives of this thesis are (i) to get insight into the polymer-surfactant interaction at
liquid-liquid interfaces and its consequences on the stability and rheological properties of liquid-
liquid dispersions (ii) to investigate the role of surfactants and nanoparticles on self assembly and
templating properties of triblock copolymers respectively. The competitive adsorption studies of
polymer and surfactant at oil-water emulsion interface shows that the hydrodynamic diameter
remains unchanged at low surfactant concentrations, but it increases dramatically above a
critical aggregation concentration. The force measurement results show that at low surfactant
concentrations, the interaction of surfactant monomers with the adsorbed polymers at droplet
interface drastically changes polymer conformation and the onset of repulsion between the
droplets. The phase contrast optical microscopic images of emulsion droplets preadsorbed with
polymers of higher molecular weight show a systematic increase in the floe size on increasing
surfactant concentration due to binding of polymer-surfactant complexes on several droplets.
The zeta potential of the droplets increases on increasing ionic surfactant concentration due to
preferential adsorption of surfactant at the oil-water interface.

The effects of interaction of surfactants on the self-assembly of a triblock copolymer (pluronic
FI08) in aqueous solution shows that the addition of SDS in pluronic solution leads to a dramatic
reduction in the viscoelastic properties, while it remains almost unaffected with CTAB and NP9.
The two orders of magnitude decrease in the elastic modulus in the presence of SDS indicates a
soft solid-like microstructure formed by aggregating self-assembled triblock polymers. The
results suggest that the microstructure and elastic properties of block copolymer micelles can be
tuned by varying the concentrations of ionic surfactant that enhances their potential in
applications as nanocarriers for drug delivery systems. The addition of Fe3C>4 nanoparticle in a
weak template of pluronic FIO8 shows a decrease in the onset of gelation temperature and
dramatic alteration in the viscoelastic moduli. The SAXS measurement shows that the
intermicellar spacing of the supramolecular structure of pure pluronic FI 08 is — 16.5 nm and the
supramolecular structure is destroyed when nanoparticles and surfactants are incorporated in it.
These findings show that the thermogelation is due to the clustering of nanoparticles into a
fractal network rather than close-packed FIO8 micelles.

The main findings of the thesis work are as follows: (i) Lower molecular weight polymers with
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suitable amount of ionic surfactants can synergistically enhance stability of formulations, while
longer chain polymers induce flocculation, (ii) The percolation transition temperature T, of
triblock polymer in presence of ionic and nonionic surfactants is found to decrease with volume
fraction of polymers, irrespective of the nature of surfactant used. The decrease in T, with
volume fraction of the triblock polymer-SDS mixed system is much slower compared to pure,
cationic, and nonionic cases, (iii) The addition of nanoparticles and surfactant to triblock
copolymer leads to a dramatic alteration in the viscoelastic properties. In summary, association
of polymer, surfactant and nanoparticles can lead to several interesting phases and properties
that can be exploited for practical applications such as stabilization of dispersions, rheology
modification of dispersions and templating of nanoparticles.
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1. Competitive adsorption of polymer and surfactant at a liquid droplet interface and its effect
on flocculation of emulsion , J.S. Nambam. John Philip, J. Colloid Interface Sci. 2012, 366, 88
95

2. Effects of Interaction of lonic and Nonionic Surfactants on Self- Assembly of PEO-PPO-PEO
Triblock Copolymer in Aqueous Solution , J.S. Nambam. John Philip, J. Phys. Chem. B 2012,
116,1499 1507

3. Studies Using Force, Hydrodynamic Size and Zeta Potential Measurements on Complexation
of Polymer and Surfactant on Emulsion Interface , J.S. Nambam. John Philip, J. Colloid
Science and Biotechnology 2012, 1, 51-59

4. Thermogelling Properties of Triblock Copolymers in the presence of Hydrophilic Fe3Cx
Nanoparticles and Surfactants, J.S. Nambam. John Philip, Langmuir, 2012, 28,12044-12053
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1. Neutrons as Probes of Condensed Matter (NPCM-XIV) held at Bhabha Atomic Research
Centre, Mumbai, India during 5-10 October, 2009

2. India-Brazil-South Africa Nanotechnology School on Advanced Materials (organized by
IGCAR, Kalpakkam) held in Mahabalipuram, India during 22-26 February, 2010
Poster presentation: Polymer-surfactant complexation on nano-droplets , J.S. Nambam &
John Philip
International Conference on Nanoscience and Technology held in Hyderabad, India (during
20-23 January, 2012 j Poster presentation: Triblock Copolymer-lron Oxide Nanocomposite ,
J.S. Nambam & John Philip
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Resonance Plasma as an lon Source
Abstract

In this thesis work, an electron cyclotron resonance ion source (ECRIS) has been designed,
fabricated, and its subsystems have been individually characterized. From this source, a proton
beam has been extracted and characterized, to be used as an injector for a CW proton
accelerator.

The major components of the ECRIS are : microwave system, plasma chamber, vacuum system,
electromagnets, high voltage insulator dome, ion beam extraction electrodes, plasma diagnostics
and ion beam characterization devices. The microwave system consists of a magnetron source at
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2.45 GHz frequency, capable of delivering 2 kW CW power, an isolator with water load, a
directional coupler, a triple stub tuner, a high voltage break, a microwave window, and a
microwave launcher. All these components, except the magnetron source, have been designed
using Microwave Studio software, and after their fabrication, the system was characterized with
vector network analyzer at low power and with a 2 kW glass water load at high power. The
electromagnets, consisting of three-solenoid coils, have been designed using Poisson software,
and after fabrication, characterized with a Hall probe. A field of 875 G was produced to satisfy the
resonance condition at 2.45 GHz microwave frequency. The use of three coils provides a
flexibility to work in off-resonance, flat, and mirror magnetic field configurations as per user
requirement of singly or multiply charged ions. The argon, nitrogen, and hydrogen plasma was
created with 300-1000 W of microwave power at a gas pressure of 10"°-10"> mbar. The plasma
was characterized for its parameters like plasma density and electron temperature with an
indigenously developed Langmuir probe. Three-electrode geometry was designed using IGUN
software, fabricated, and integrated with the source for the extraction of proton beam. A proton
beam current of 8 mA at 24 keV beam energy was measured using a Faraday cup. To characterize
the charge states and energy distribution of the extracted ion beam, a Thomson parabola ion
spectrograph was used. The results confirmed the existence of only protons, as no traces of any
other hydrogen species (H," or H;*) from the plasma could be recorded.

In addition to the above work, this thesis also includes the measurement of the characteristics x-
rays produced using argon/ hydrogen/ nitrogen ion beams impinging on a copper target. The
bremsstrahlung continuum was also seen along with the characteristics copper K-a and K-(3 lines.
As a demonstration of an application of the ECRIS, a titanium film was deposited on a glass
substrate, using ECR argon ion beam bombarding a titanium target. The film was analyzed using
standard techniques like x-ray reflectivity and atomic force microscopy.

The future goal is to upgrade this system to extract up to 30 mA proton beam current at 50 keV
beam energy as an injector for a proton linac.

Publications

Published in refereed journals :

1. Acquisition and analysis of Langmuir probe characterization for ECR plasma S. K. Jain. A. Jain,
D. Sharma, and P. R. Hannurkar, Indian Journal of Physics 80, 1011 (2006).

2. Characterization of plasma parameters, first beam results, and status of electron cyclotron
resonance sourceS. K. Jain. A. Jain, P. R. Hannurkar, and S. Kotaiah, Rev. Scu Instrum. 78,
053301 1-6 (2007).

3. Design, fabrication and measurement of 90 degree mass-analyzing magnet S. K. Jain. R.
Malik, K Sekar, P. A Naik, and P. R. Hannurkar, Ind. J. Pure & Appl. Phys. 48, 315 (2010).

4. Design, fabrication, and characterization of a solenoid system to generate magnetic field for
an ECR proton source S.K. Jain. P. A. Naik, and P. R. Hannurkar, Sadhana: Academy
Proceedings in Engineering Sciences 35, 461 (2010).

5. Characterization of proton beam emission from an electron cyclotron resonance ion source S.
K. Jain. M. Tayyab, S. Bagchi, J. A. Chakera, and P. A. Naik, Nuclear Instru. & Methods in
Physics Research A 708, 51 (2013).

6. Study of microwave power coupling with electron cyclotron resonance plasma using
Langmuir probe technique S. K. Jain, V. K. Senecha, P. A. Naik, P. R. Hannurkar, and S. C. Joshi,
Pramana-Journal of Physics 81,157 (2013).

7. Study of microwave components for an electron cyclotron resonance (ECR) Source :
Simulations and performance S. K. Jain. Deepak Sharma, V. K. Senecha, P. A. Naik, and P. R.
Hannurkar, Accepted for publication in Sadhana: Academy Proceedings in Engineering
Sciences.
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1. Study of extraction electrode geometry for 30 mA, 50 keV ECR proton source using IGUN
software S. K. Jain, and P. R. Hannurkar, InPAC-2009.

2. Development of 90° mass analyzing magnet for charge analysis S. K. Jain. R. Malik, K. Sekar,
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3. Electron cyclotron resonance plasma diagnostics to study microwave power coupling with
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Vadjikar, R. Kumar, and S. C. Joshi, 2" International workshop on accelerator-driven sub-
critical systems & thorium utilization held at BARC, Mumbai, December 2011.
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1. Hydrogen ion beam extraction from ECR ion source and beam characterization S. K. Jain, and
V. K. Senecha, RRCAT News Letter, Vol. 25, Issue 1, 2012.

2. Electron cyclotron resonance based ion beam sputtering techniques to study titanium
conductive film deposition on a float glass substrateS. K. Jain. R. Dhawan, S. K. Rai, C.
Mukherjee, V. K. Senecha, S. C. Joshi, P. A. Naik, and P. R. Hannurkar, RRCAT/2012-10.
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Naik, and P. R. Hannurkar, RRCAT/2013-03.
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Abstract

When an electrolyte is dissolved in water, it dissociates into cations and anions, which will be
surrounded by water molecules as well as the counter ions and the electrolyte solution will no
longer behave as an ideal solution. Nonideality in electrolyte solutions is attributed mainly to
the interactions of water—ion and ion—ion. Thermodynamic properties, including activity
coefficients at infinite dilution and other thermophysical and volumetric properties find
application in the development of reliable predictive models for systems containing aqueous
solutions

In the present thesis work, the ionic interactions have been investigated by measuring the half
cell potentials of aqueous solutions of nitrates and chlorides of sodium and potassium by ISE
meter and the results obtained were substituted in the Nernst equation to calculate the single
ion activity coefficients. Activities of cations and anions were measured independently; the data
generated were reliable as they could be reproduced reasonably well within the mean ionic
activity coefficients.

Relative densities, refractive indices and viscosities have been measured for selected aqueous
ionic systems and molecular liquids. These measurements were used to calculate various
volumetric and excess properties. Density of aqueous solutions of sodium nitrate was measured
from 293.15 to 343.15 K at 0.1 MPa pressure using Anton Paar DMA-5000 vibrating tube
densitometer. These data were utilised to validate the data analysis programme at 298.15 K and
at all other temperatures. Density and refractive index of several aqueous rare earth and fission
product nitrates have been reported at 298.15 K and 0.1 MPa. Apparent molal volume, partial
molal volume of the solvent, coefficient of thermal expansion etc. were calculated and discussed
in terms of ionic contribution. The same procedure was extended for the temperature range
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293.15 - 343.15 K and the effect of temperature on structural interaction has been evaluated.
Using Hepler’s assumption, structure maker and breaker behaviour has been predicted.

The density, refractive index and viscosity of molecular liquids like poly(ethylene glycol) (PEG)
and 1-hexyl-3-methyl imidazolium bromide ([HMIm]Br) were also measured at 298.15 K and 0.1
MPa. Apparent molal volume was computed and compared with Masson’s correlation to
estimate apparent molal volume at infinite dilution. These properties at infinite dilution were
used to explain structural interaction. These properties were also estimated in the temperature
range 293.15 - 343.15 K for pure and aqueous solutions of PEG-200 and PEG-400. Coefficient of
thermal expansion, variation in the second derivative of volume with temperature at constant
pressure, excess volume, excess refractive index, and excess viscosity have been predicted and
discussed in terms of structural interaction. Water activity and vapour pressure values have
been reported for the ionic liquid [HMIm]Br.

This thesis also attempts to model the temperature and concentration dependence of the
reported thermophysical properties of each system investigated using an equation of state,
commonly referred to as the ‘density model’. Wherever possible, the results of this model have
been compared with those results from models reported in the literature.
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Abstract

The elusive neutrino has always perplexed the scientific community. The desperate attempt by
Pauli in postulating its existence, followed by experimental discovery, to save the laws of
conservation of energy and momentum in nuclear B-decay, bear testimony to this fact.
Subsequent experiments like, Homestake, Sudbury Neutrino Observatory (SNO), Super-
Kamiokande and KamLAND, which have studied neutrinos produced from various sources,
provide concrete evidence in support of neutrino mass through the detection of neutrino
oscillations. This serves as the first indication of the Physics beyond the Standard Model.
Neutrino has also emerged as an excellent probe in comprehending the underlying laws of nature
in particle physics, nuclear physics, astronomy and cosmology. In this context, a multi-
institutional venture, called the India-based Neutrino Observatory (INO), has been initiated in
India to participate in this exciting area of experimental particle physics by building a world-class
underground facility for studying neutrinos.The INO collaboration has proposed to build a 50
kton magnetized Iron Calorimeter (ICAL) detector to study atmospheric neutrinos and to make
precision measurements of the neutrino oscillation parameters. The detector will look for muon
neutrino induced charged current interactions using magnetized iron as the target mass and
around 28,800 Resistive Plate Chambers (RPCs) as sensitive detector elements. A magnetic field
of 1.3 T will be used to discriminate between neutrino and anti-neutrino interactions, which
equips the ICAL detector with the unique capability of determining the neutrino mass hierarchy.
The extremely low rate of neutrino interactions necessitates the trigger scheme for such an
experiment to achieve an optimization of the detection efficiency of the desired events and the
chance trigger rates. It should also ensure feasibility of hardware implementation considering the
vast volume of the detector. The development, validation and implementation of the ICAL trigger
system, which satisfy these criteria, are documented in this thesis.

The design of the trigger scheme for the ICAL detector consists of a distributed and hierarchical
architecture. The detector module is logically sub-divided into identical segments for the purpose
of trigger generation. The segment dimensions are chosen considering the expected hit pattern
of the events of interest, the associated chance trigger rates and the feasibility of
implementation. Pre-trigger signals produced at the RPC level are combined together to generate
a local trigger at the segment level, which in turn initiates a global trigger signal to invoke the
data acquisition system to record the event data.The associated chance trigger rates have been
calculated for different segment dimensions and for different sets of trigger criteria and are
found to be negligible for an optimal combination of the trigger parameters. A simulation
framework is developed to estimate the trigger efficiency of the scheme for the events of
interest for the ICAL detector. The results ensure that substantially high detection efficiency can
be obtained for the desired events under the proposed trigger scheme. The hardware
implementation of the trigger scheme is initiated by designing an FPGA-based trigger module
using the look-up table based technique. The module has delivered satisfactory performance in
the prototype detector with negligible spurious trigger rate and trigger inefficiency. This ensures
that such technique can be successfully and reliably employed in designing the ICAL trigger
system. The overall layout for the implementation of the proposed trigger scheme for the ICAL
detector has been devised and the trigger latency is estimated. A study is undertaken to ascertain
the reliability of LVDS standard in transmitting the trigger signals for the ICAL detector. A
technique for calibrating the delay offsets associated with the return-path of the trigger signal is
proposed. The designs of the trigger boards are conceived and appropriate design components
have been selected.
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The work reported here has thus facilitated the evolution of the ICAL trigger system from the
conceptual stage up to the board-level design.
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Verma, "Electronics and data acquisition system for the ICAL prototype detector of India-
based NeutrinoObservatory", Nuclear Instruments and Methods in Physics Research Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 701, pp. 153-163,
2013.S. Dasgupta, N.K. Mondal, D. Samuel, M.N. Saraf, B. Satyanarayana,
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126-132, 2012.
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Abstract

Tuberculosis (TB), the most prevalent chronic infectious disease in the world, causes 1.4 million
deaths each year including nearly 50,000 deaths in India. The highly variable outcome of
Mycobacterium tuberculosis (MTB) infection is determined by the battle between the host
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immunity and the virulence of the MTB strain. Influence of MTB genomic diversity on disease

outcome is still unexplored. In view of this the main objective of the of the study was to evaluate
the effect of genetically diverse strains of MTB on in vivo as well as in vitro host responses.

Three different clinical isolates of MTB from three different lineages were selected for the study
and were used for ex vivo as well as in vivo infection experiments. The strains were further
characterized on the basis of TbD-1 and MIRU-VNTR loci and their drug susceptibility. The ex vivo
infection study was carried out in THP-1 and RAW264.7 cells, as well as in primary cells, monocyte
derived macrophages (MDM) and monocyte derived dendritic cells (MDDC), isolated from blood of
healthy individuals. Initially, interactions between host and pathogen were monitored in terms of
phagocytosis, intracellular growth of Mycobacteria, induction of proinflammatory cytokines,
chemokines, and reactive oxygen/nitrogen species and apoptosis in THP-1 cells. Induction of
proinflammatory cytokines followed a particular pattern for a single clinical isolate, in ex vivo
experiments and the pattern was unchanged in different host cells. It was observed that the
ancient EAI-5 strain from lineage-1 induced significantly higher proinflammatory response in the
host compared to modern clinical isolates, as marked in earlier studies. On the other hand, modern
Beijing strain from lineage-2 consistently induced low levels of proinflammatory cytokines and IL-10
according to its known lineage characteristic. Further, LAM-6 and H37Rv both belonging to lineage
4, showed similar proinflammatory responses. Similar interplay of different immune interactions
was also clearly observed in the BALB/c model of TB following aerosol infection.

Overall, it was noticed that there existed a lineage specific cytokine induction pattern throughout
ex vivo and in vivo infections as reported in previous studies and interestingly these patterns were
not influenced by the drug resistant status of the strains. Strain specific apoptotic response was
observed only for virulent strains. A positive correlation was observed between phagocytic index
for “>10 bacilli/cell’ and the percent apoptosis after five and six days of infection. It was evident
that pro-inflammatory cytokines and initial higher accumulation of bacilli inside the host cell were
the two determining factors for host cell apoptosis.

The present study is the first of its kind also because all the important parameters of immune
interactions were monitored in hosts infected with highly drug resistant, well characterized MTB
clinical isolates from distinct lineages in a single study. It illustrated lineage-specific patterns of
innate immune responses induced by the strains of different genotypes in ex vivo and in vivo
conditions. Such responses may reflect the differential survival strategies employed by clinical
isolates to subvert the host immunity.
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1) Drug resistant clinical isolates of Mycobacterium tuberculosis from different genotypes
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Chakraborty et al.
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of maturation and activation of murine bone marrow derived dendritic cells (BMDCs) by
different clinical isolates of M.tuberculosis. U.S.-India Joint Workshop on tuberculosis at
International Centre For Genetic Engineering And Biotechnology, New Delhi

9) Sujay Gaikwad, Pampi Chakraborty, Savita Kulkarni, M.G.R Rajan. The lipid profiles of
different genotypes of M.tuberculosis and its correlation to in vitro immune response
induced by the same stains. 39th Annual Conference of Indian Immunology Society
(IMMUNOCON 2012), 9-11 Nov, 2012.Varanasi.

10) Gupta P.K., Kulkarni S., Rajan M.G.R., Chakraborty P.,Singh P.K., Kumar S., Sainis K.B. G1-4A
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response in Tuberculosis’ Whistler, British Columbia Canada, Canada. Pampi Chakraborty.
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Title : Studies on the Separation and Recovery of Ruthenium
Abstract

The noble metal, ruthenium (Ru) is produced in significant quantity as a fission product in fast
breeder reactors and is one of the most troublesome fission products during the reprocessing of
spent nuclear fuels as well as the waste management processes due to its large fission yield,
relatively long half lives (**Ru: 39.26 days; ®Ru: 373.59 d) and its many oxidation states ranging
from 0 to +8. During the dissolution of irradiated nuclear fuel in nitric acid in the PUREX process,
various nitrosyl complexes formed by ruthenium show complicated distribution behavior
between the aqueous phase and the extract phase and a few of them remain in TBP/Dodecane
after stripping; therefore, it is difficult to completely separate ruthenium from uranium and
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plutonium which results in the possible release of radio-ruthenium in the environment. During
the nuclear waste management processes such as calcination, denitration and vitrification of the
high level liquid waste (HLLW), ruthenium undergoes oxidation to form highly volatile radiotoxic
RuO, which decomposes to non-volatile RuO, black solid and deposits over the cooler part of
equipment and hence, increases the radiation dose of plant. Hence, it is desirable to separate Ru
from HLLW, prior to waste treatment.

Parametric studies were carried out for the separation and recovery of ruthenium from pure
nitric acid as well as from simulated high level liquid waste (SHLLW) by chemical and
electrochemical volatilization methods. By chemical volatilization method using 0.02-0.04 M
ammonium ceric nitrate (ACN) as the oxidizing agent in presence of n-paraffin hydrocarbon,
removal of Ru both from pure RUNO(NO;); and SHLLW was quantitative at acidity 0.5 -1M.
Separation of Ru from SHLLW was also studied by electrochemical volatilization method using
divided/undivided cells, with and without the redox catalyst cerium, by applying constant
current/ potential. In the case of undivided cell, quantitative separation of Ru was possible from
pure RUNO(NOs); solution prepared in 1M nitric acid in the presence of 0.04 M Ce by applying 20
mA/cm? anodic current density, whereas only 50 % of Ru was separated from SHLLW under
similar experimental conditions. During the separation of Ru using divided electrolytic cell with
glass frit diaphragm, quantitative separation of Ru was possible both from pure RUNO(NOs);3
solution and SHLLW prepared in 4 M nitric acid by applying 20 mA/cm? anodic current density
and also without any redox mediator. Separation of Ru was also carried out by applying constant
potential using divided cell and near quantitative separation was possible from solutions
prepared in 1M nitric acid. As the HLLW is in 4 M nitric acid, the cell configuration with glass frit
as the separating membrane is recommended for the separation of Ru in the plant. The redox
behavior of [RuUNO]** species in nitric acid medium was investigated by cyclic voltammetry and
chronopotentiometry at both Pt and GC working electrodes. A quasi-reversible one electron
reduction of [RUNO]?" was observed at both GC and Pt. The diffusion coefficient (D,) of [RuUNO]**
species in the order of 10® cm’s™ was estimated by CV and CP techniques and the
heterogeneous electron transfer rate constant (k) for reduction of [RuUNO]** in the order of 107
cm.s™ was estimated using Klingler and Kochi equation using Pt and GC working electrode.

Publications

Journals

1. Pravati Swain, C. Mallika, R. Srinivasan, U. Kamachi Mudali, R. Natarajan,Separation and
recovery of ruthenium — A review. Journal of Radioanalytical and Nuclear Chemistry (2013)
298: 781-796.

2. Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi Mudali, R. Natarajan,
Separation of ruthenium from simulated nuclear waste in nitric acid medium using n-Paraffin
Hydrocarbon. Separation Science and Technology (2014) 49: 112-120.

3. Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi Mudali, R. Natarajan,
Separation and recovery of ruthenium from nitric acid medium by electro-oxidation. Journal
of Radioanalytical and Nuclear Chemistry (Communicated).

4. Pravati Swain, Dr. K. Sankaran, R. Srinivasan, C. Mallika, U. Kamachi Mudali, R. Natarajan,
Studies on the Feasibility of Separation of Ruthenium from High Level Liquid Waste by
constant potential electro-oxidation. Progress in Nuclear Energy (Under revision)

5. Pravati Swain, C. Mallika, Ch. Jagadeeswara Rao, U. Kamachi Mudali and R. Natarajan,
“Electrochemical studies on the reduction behaviour of [RuNQO]3+ in nitric acid medium”,
Journal of Applied Electrochemistry (Communicated).

Conference Proceedings
1. Pravati Swain, R. Srinivasan, C. Mallika, U. Kamachi Mudali and R. Natarajan, Ruthenium
Behavior on the Denitration of High Level Liquid Waste Generated in the Aqueous

Reprocessing of Fast Reactor Fuels. 9th International Symposium on Advances in
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2. Pravati Swain, R. Srinivasan, C. Mallika, K.S. Viswanathan, U. Kamachi Mudali and R.
Natarajan, Separation of Ruthenium during the Electrolytic Denitration of Simulated HLLW
Solution. NUCAR-2011, 22-26™ February 2011, Visakhapatnam, Andhra Pradesh, India.

3. S. Ramakrishna Reddy, Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi
Mudali and R. Natarajan, Influence of NaNO, on the Solvent Extraction of Ru into 30% TBP-
NPH. International Conference on Vistas in Chemistry, (ICVC-2011), 11-13 October, 2011,
IGCAR, Kalpakkam, India.

4. Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi Mudali and R. Natarajan,
Effect of Ceric lons in the Extraction of Ruthenium into 30%TBP/NPH Systems. DAE — BRNS
Biennial Symposium on Emerging Trends in Separation Science and Technology —SESTEC —
2012, February 27 - March 01, 2012, Mumbai, India. (Best Paper award).

5. Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi Mudali and R. Natarajan,
Separation of Ruthenium from a Simulated High Level Liquid Waste by Electro-Oxidation.
ISAEST-10, 28-30"" January, 2013, Chennai, India.
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1. Pravati Swain, S. Annapoorani, R. Srinivasan, C. Mallika, U. Kamachi Mudali and R. Natarajan,
Extraction Behaviour of Ruthenium with Tributyl Phbosphate and n-Paraffin Hydrocarbon.
CRSM 2011, IGCAR, Kalpakkam, India.
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Title : Study of Laser Driven Plasma Based Electron cceleration

and Bremsstrahlung Radiation Emission using
Ultra-High Intensity Laser Pulses

Abstract

In this thesis work, generation of quasi-monoenergetic electron beams with peak energy about
20 MeV and divergence » 10 mrad were demonstrated from laser wakefield acceleration in
forward Raman scattering assisted strongly self-modulated regime using sub- mm length helium
gas jet plasma as accelerating medium and > 45 fs, < 10 TW laser pulses of intensity > 1x10 W/cm
to drive ultrahigh gradient wakefield >100 GV/m in the plasma. It was also shown that the self-
modulation and consequently electron beam charge and energy could be enhanced up to about
100% and 40% respectively by introducing optimum amount of positive chirp in the laser pulse.
Further, the effect of ns duration prepulse pedestal (due to amplified spontaneous emission) on
pre-plasma channel formation, intense 45 fs laser pulse propagation and electron acceleration
was studied in detail and showed optimum level of pre-pulse for a given gas density forms low
density pre-plasma channel suitable for 45 fs laser pulse guiding over few times the natural
diffraction length and consequently electron acceleration to higher energy of about 50 MeV.
With reduced prepulse level, effect of different gas media (He, N2, and Ar) were investigated and
found optimum parameters for producing stable, high quality electron beams with average
divergence ~ 10 mrad and central peak energy ~ 35 MeV and 25 MeV from helium and nitrogen
gas jets respectively. From Ar gas jet, collimated electron beam of ~ 40 mrad was observed once
in a while with energy < 10 MeV. Further, laser wakefield acceleration in laser produced solid
plumes was investigated and demonstrated low divergence ~10 mrad, quasi- monoenergetic
electron beam with peak energy ~12 MeV from plasma plume produced from solid nylon target.
The results are promising for applications of the electron beam with high rep-rate operation of
laser wakefield accelerators.
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The thesis work also includes study of angular distribution of bremsstrahlung hard x- ray dose
due to energetic fast electrons generated from intense laser-solid target plasma interaction. The
fast electrons are also characterised under different laser polarization, intensity, and pulse
duration irradiation conditions to study angular and energy distribution of the electrons and
scaling laws were obtained. These results are useful to understand the physics of fast electron
generation and to control the fast electrons for their direct application or to control secondary
process like continuous or K, x-ray generation, ion acceleration, intense magnetic field
generation etc.

Publications

1. “Stable and high quality electron beams from laser wakefield acceleration inhigh density
plasma”, B. S. Rao, A. Moorti, R. Rathore, J. A. Chakera, P. A. Naik, and P. D. Gupta, Physical
Review Special Topics - Accelerators and Beams 2014, Vol. 17, p. 011301(6 pages).

2. “Effect of chirp on self-modulation and laser wakefield electron acceleration in the regime
of quasi-monoenergetic electron beam generation”, B. S. Rao, A. Moorti, R. Rathore, P. A.
Naik, J. A. Chakera, and P. D. Gupta, Physical Review Special Topics - Accelerators and Beams
2013, Vol. 16, p. 091301(6 pages).

3. “Highly collimated quasi-monoenergetic electron beam from laser wakefield acceleration in
laser produced plasma plume”, B. S. Rao, A. Moorti, P. A. Naik, and P. D. Gupta, Applied
Physics Letters 2013, Vol. 102, p. 231108(5 pages).

4. “Study of fast electron jet produced from interaction of intense laser beam withsolid target
at oblique incidence”, B. S. Rao, V. Arora, P. A. Naik, and P. D. Gupta, Physics of Plasmas
2012, Vol. 19, p. 113118(6 pages).

5. “Laser wakefield acceleration in pre-formed plasma channel created by prepulse pedestal of
terawatt laser pulse”, B. S. Rao, J. A. Chakera, P. A. Naik, M. Kumar, and P. D. Gupta, Physics
of Plasmas 2011, Vol. 18, 093104(9).

6. “Generation of highly collimated, mono-energetic electron beam from laser-driven plasma-
based acceleration”, B. S. Rao, A. Moorti, P. A. Naik , and P. D. Gupta, New Journal of Physics
2010, Vol. 12, p. 045011(9 pages).

7. “Initial experiments on laser-based electron acceleration at RRCAT, Indore” ,B.S. Rao, P. A.
Naik, V. Arora, H. Singhal, U. Chakravarty, R. A. Khan, P. D. Gupta, K. Nakajima, and T.
Kameshima, IEEE Transactions on Plasma Science 2008, Vol. 36, p. 1694 (5 pages).

8. Angular distribution and dose measurements of hard x-ray emission fromintense laser-
plasma interaction”, B. S. Rao, V. Arora, P. A. Naik, and P. D. Gupta, Journal of Applied
Physics 2007, Vol. 102, p. 063307(4 pages).

9. “Multi-MeV quasi-monoenergetic electron beam from relativistically intenselaser
interaction with solid target at grazing incidence”, B. S. Rao et al., Manuscript under
preparation.

10. “Stable high charge electron beam from laser wakefield acceleration using nitrogen
gas jet target”, B. S. Rao et al., Manuscript under preparation.
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2.  “High-quality stable electron beam generation by interaction of 10 TW, 45 fs laser pulses
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Gupta, 18™ DAE-BRNS National Laser Symposium, RRCAT, Indore, Dec. 1-4, 2010.“Update on
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Naik, B. S. Rao, H. Singhal, M. Tayyab, Y. B. S. R. Prasad, S. Barnwal, J. A. Chakera, and P. D.
Gupta, 2nd InternationalCommittee Meeting & Symposium of the Asian Laser Centre at
APRI, Gwangju, Korea, Nov., 4-5, 2010.

“Experimental studies on laser-driven plasma-based electron acceleration: Status in India”,
B. S. Rao, A. Moorti, P A. Naik, J. A. Chakera, and P. D.Gupta, 7 Asia-Pacific Laser Symposium,
Jeju Island, S. Korea, May 11 - 14,2010.

“Electron acceleration in self-modulation regime using 10 TW, 45 fs Ti:sapphire laser beam”,
J. A. Chakera, B. S. Rao, P A. Naik, M. Kumar, and P D. Gupta, International Symposium on
Waves, Coherent Structures & Turbulence in Plasmas, IPR, Gandhi Nagar, Jan. 12 - 15, 2010.

“Forward Raman scattering driven self-modulation of ultra-short, intense laser pulse and
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based electron acceleration at RRCAT, Indore”, A.S. Rao, P. A. Naik, H. Singhal, V. Arora, U.
Chakravarty, R. A. Khan, P. D. Gupta, K. Nakajima, and T. Kameshima, Laser and Plasma

Accelerators Workshop, Terceira Island, Azores, Portugal, Jul. 9-13, 2007.
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Title : Characterization of HHV-6 using an Indian Isolate : An in

in Vitro Study
Abstract

HHV-6B is a double-stranded DNA herpesvirus that is ubiquitous and latent throughout the adult
life of most healthy individuals. A HHV-6 positive B-cell line (designated PJH6) was derived from
an individual (donor) earlier in the laboratory. Characterization of this isolate in vitro and
development of two valuable research tools using the said isolate were undertaken in this study.

The first objective was limited characterizations of the virus isolate including infectivity. Electron
microscopy showed characteristic herpesvirus morphological feature and the cell line derived
spontaneously generated extracellular virus particles could successfully infect all the target cells
as confirmed by HHV-6B specific nested PCR. Further, serial passage of cell free virus particles in
SupT1 cells indicated that the isolate was capable of imparting productive infection to host cells.

The second objective was profiling chromosomal integration of the isolate where the site of
integration in PJH6 cell line, donor peripheral blood mononuclear cells (PBMC), as well as that of
PBMC from father was found to be identical, chromosome 12q14, thus indicating an event of
vertical transmission from father to son. This was an atypical integration seen in this cell line as
earlier studies of integration reported telomeric regions as preferred sites.

The third objective was to study the role of viral immediate early (IE) gene products on activation
of select cellular genes. Though co-transfection experiments using viral IE-1 gene and three
target promoters (of c-fos, c-myc and hsp-70 genes) exhibited an increase in their activity by a
luciferase assay, infection of SupT1 cell line with the virus showed most significant levels of up-
regulation of hsp-70 while c-fos showed marginal up-regulation.

The fourth objective was to develop a HHV-6 genome derived basic vector for gene transfer.
Amplicon unit (harboring a GFP expression cassette as the transgene) derived pseudovirions
were used to transduce various cell lines including HEK293, Daoy, SupTl, and U937. GFP
transgene expression was retained at high levels after antibiotic selection of the transduced
HEK293 cells thus validating the functionality and stability of the amplicon vector.

The fifth objective was to develop a luciferase reporter based single step relative viral titer
estimation assay for HHV-6 by developing an indicator HEK293 cell line. Using cell free virus
preparations the reporter gene expression from the indicator cells showed a positive correlation
with serial viral dilutions validating the assay.

The reported thesis thus made basic characterization of the only Indian HHV-6 isolate along with
development of two valuable tools, i.e., a gene transfer vector and a virus titer assay, which will
be helpful for further studies on HHV-6 biology.

Publications

Pallavi Goel, Prafullakumar Tailor, Ajit G. Chande, Atanu Basu, Robin Mukhopadhyaya,. An

infectious HHV-6B isolate from a healthy adult with chromosomally integrated virus and a
reporter based relative viral titer assay.
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Title : Spectroscopic Investigations on the Properties of Two

Drugs: Curcumin and Chlorin p6
Abstract

In this thesis the properties of two drugs, Curcumin and Chlorin ps (Cp6) in different
environments were studied by different spectroscopic techniques. The photophysical properties
of Curcumin in various toluene-polar solvent mixtures using time resolved fluorescence
spectroscopic technique. The results obtained shows that excited state hydrogen transfer (ESHT)
reactions in the excited state of Curcumin depend critically upon the hydrogen bonding property
of the polar solvent. The rate limiting step in the ESHT process of Curcumin in these solvent
mixtures might be the formation and reorganization of the intermolecular H-bonding between
the keto group of the pigment and the hydrogen bond donating property of the polar solvent.
The diffusion characteristics of Cp6 and two other dyes are studied using the interfacial second
harmonic (SH) generation spectroscopic technique. The diffusion of Cp6 across a liposome can be
measured at acidic pH (3-5). Further, at this pH range, increasing the bilayer rigidity significantly
affects the diffusion characteristics of the drug. The aspects of drug induced membrane
permeability were studied using the two drugs Curcumin and Cpé6. It has been observed that the
diffusion kinetics of two organic cations depends significantly upon the nature of the drug as well
as the pH of the medium.
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[11 “pH dependent reversible aggregation of Chitosan & glycol-Chitosan stabilized silver
Nanoparticles”, R. K. Saini, P. K. Gupta, K. Das, Chem. Phys. Lett. 2011, 511, 326-330.1
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harmonic generation”, R. K. Saini, A. Dube, P. K. Gupta, K. Das, J. Phys. Chem. B, 2012, 116,
4199-4205.

[3] “Plasmon-molecular resonance coupling: Chlorine ps adsorbed on poly-L-lysine coated
silver Nanoparticles”, R. K. Saini, P. K. Gupta, K. Das, J. Mol. Struc. 2012, 1024, 13-17.*

[4] “Picosecond Spectral Relaxation of Curcumin Excited State in a Binary Solvent Mixture of
Toluene and Methanol”, R. K. Saini, K. Das, J. Phys. Chem. B, 2012, 116, 10357-10363.

[5] “Picosecond Spectral Relaxation of Curcumin Excited State in toluene-alcohol Mixtures”, R.
K. Saini, K. Das, J. Lumin. 2013, 144, 169-175.
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K. Das, Langmuir, 2013, 29, 2912-2918.*

[71  “Photophysics of Curcumin Excited State in toluene-Polar Solvent Mixtures: Role of H-
bonding Property of the Polar Solvent”, R. K. Saini, K. Das, J. Lumin. 2014, 145, 832-837.

[8] “Hyper-Rayleigh scattering from gold nanoparticles: Effect of size and shape”, K. Das, A.
Uppal, R. K. Saini, G. K. Varshney, P. Mondal and P. K. Gupta. Spectrochim. Acta Part A:
Molecular and Biomolecular Spectroscopy, 2014, 128, 398-402.*

[91 “A comparative study on the effect of Curcumin and Chlorine pg on the diffusion of two
organic cations
across a negatively charged lipid bilayer probed by second harmonic spectroscopy”, R. K.
Saini, G. K. Varshney, A. Dube, P. K. Gupta, K. Das. (Under revision)

[10] “Surfactant Induced Aggregation Behavior of Merocyanine-540 Adsorbed on Polymer
Coated Positively Charged Gold Nanoparticles”, A. Uppal, R. K. Saini, G. K. Varshney, P. K.
Gupta and K. Das.* (Manuscript under preparation)
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Abstract

Cyanobacteria were the first organisms to generate oxygen during photosynthesis.They
originated ca. 3.5 billion years ago in the course of evolution of life and have evolved elaborate
mechanisms to resist several environmental stresses, metal stress being one of the important
stresses. All metals are toxic beyond a certain concentration. In natural habitats, aquatic micro-
flora may be chronically exposed to various toxic metals. Among the toxic metals, chromium (Cr)
is a major concern for aquatic photoautotrophs. Cr (VI) is highly mobile and hence available,
resulting in biological toxicity mainly due to oxidative damage to bio-molecules. Microorganisms,
including photoautotrophs, in the contaminated sites have evolved various mechanisms and
metabolic adjustments for chromate tolerance. Adaptive changes brought about in
photosynthesis in the chromate resistant photoautotrophs by chronic exposure to Cr (VI) have
not been studied.

In the thesis, entitled “Evaluation of Structure-Function Relationship of Photosynthetic
Machinery in Cyanobacteria Exposed to Chromium (VI) Stress“ two unicellular, non-nitrogen
fixing cyanobacteria, Synechococcus elongatus PCC7942 and Synechocystis sp. PCC 6803 were
examined for their tolerance to Cr (VI). Synechococcus showed 12 times higher tolerance as
compared to Synechocystis with ECsy of 150 + 15gM and 12 + 2gM, respectively. Interestingly,
Synechococcus showed stimulation of growth at concentrations of chromate less than 100gM,
which affected its cell size without disturbing ultra-structure and thylakoid organization. In
Synechocystis, growth with 12gM potassium dichromate damaged the ultra-structure and
thylakoid organization. Using labeled chromate, slight accumulation (< one nanomole/10%cells)
was observed in Synechocystis; no accumulation of chromate could be observed in
Synechococcus. IC50 values of chromate for sulfate uptake were higher in Synechococcus as
compared to Synechocystis. The results suggested that the sulfate transporters in Synechococcus
have lower affinity to chromate than those from Synechocystis indicating differences in affinity of
sulfate receptors for chromate in the two organisms. Therefore, lesser uptake of chromate may
be one of the reasons for tolerance to Cr (VI) in case of Synechococcus. Cr (VI) is known to
manifest its toxicity by causing oxidative stress. At lower concentrations, Cr (VI) caused excessive
ROS generation in Synechocystis as compared to that observed in Synechococcus. Intrinsic levels
of enzymatic antioxidants i.e. catalase and 2-Cys-Peroxiredoxin were considerably higher in
Synechococcus than Synechocystis. This correlated well with higher content of carbonylated
proteins observed in Synechocystis than Synechococcus. The data suggested that inherent
activity/content of antioxidant enzymes may also have an important role in determining
tolerance of these cyanobacteria to Cr (VI).

As cell membranes and photosynthetic apparatus are known to be the targets of Cr (VI), effect of
Cr (V1) on photosynthetic machinery in the cyanobacteria was studied. Growth with dichromate
reduced chlorophyll, phycocyanin and carotenoid contents in both the cyanobacteria without
affecting their spectral quality. It also reduced the rate of CO, fixation, PSIl and PSI activities and
PSII/PSI ratio in addition to F,/F,, as well as P, in both the cyanobacteria. However, effective
quantum yield of PSIl and PSl increased on growth with dichromate in Synechococcus whereas it
decreased in Synechocystis. The quantum yield of cyclic electron flow increased in both the
cyanobacteria on growth with Cr (VI). Thus in addition to intrinsic difference in photosynthetic
rate, the two cyanobacteria also showed differential modulation of photosynthetic machinery in
response to chronic Cr (V1) stress. The responses of the cyanobacteria exposed to Cr (VI) to other
oxidative stresses like high-intensity light and H202 were interesting. The photosynthetic
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machinery of Synechocystis exhibited better tolerance to the oxidative stresses after being
exposed to Cr (VI) as compared to Synechococcus. These results suggested that Cr (VI) stress
brings about adaptive modifications in Synechocystis which enable it to tolerate extra oxidative
stresses.

The first step of photosynthesis has inspired a major field of research of artificial photosynthesis.
As Synechococcus was able to maintain its major photosynthetic functions at relatively higher
dichromate concentrations by making adjustments in the photosynthetic apparatus, the antenna
functionality of its light harvesting pigments was studied for potential use as a sensitizer in dye
sensitized solar cells. Pigments of the antenna complex from control and chromate grown cells of
Synechococcus were isolated and analyzed for their suitability for energy capture and transfer in
the artificial system.

Thus, the comparative study on chromate tolerance in these two cyanobacteria showed
differential response and novel mechanisms of adaptation to excessive chromate in media.

Publications

1. Gupta A, Bhagwat SG., Sainis, JK., (2013) Synechococcus elongatus PCC 7942 is more
tolerant to chromate as compared to Synechocystis sp. PCC 6803; Biometals, 26, 2: 309-319.

2. Gupta A and Sainis JK., (2010) Isolation of C-phycocyanin from Synechococcus sp., Anacystis
nidulans BD1. Journal of Applied Phycology, 22, 3: 231-233.

3. Gupta A., Ballal A. Role of enzymatic antioxidants in contrasting tolerance of Synechocystis
and Synechococcus to Cr (VI). Under review in Biometals

4. Gupta A, Bhagwat SG., Sainis JK. Differential modulation of photosynthetic apparatus in
Synechocystis and Synechococcus grown with chromium (VI)”. In preparation

Publication related to the thesis

5. Verma S., Gupta A., Sainis JK., Ghosh HN., (2011) Employing a Photosynthetic Antenna
Complex to Interfacial Electron Transfer on ZnO Quantum Dot. Journal of Physical Chemistry
Letters, 2: 858-862
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Abstract

Radon is a natural radioactive gas that occurs ubiquitously in the environment. There are three
natural isotopes of radon namely *’Rn (radon), *°Rn (thoron), and ***Rn (actinon) formed from
the alpha decay of radium as a part of the decay series of *®U (uranium), >*’Th (thorium), and
251 (actinium), respectively. Based on the results of case-control studies in Europe & North
America, the World Health Organization indicated that exposure due to **’Rn, **°Rn and their
decay products in environment could be the second most important cause of lung cancer, next to
smoking. These findings and inference have led to a renewed interest in the subject of radon
studies. The quantification of the radon source terms in the environment requires accurate
techniques for the measurement of emission rates from various Naturally Occurring Radioactive
Materials (NORMs) such as soil, building materials etc. The most commonly used techniques,
which are also simple and convenient for large scale deployment, are based on measuring the
build-up of radon in soil chambers for the case of emissions from soil and closed cans for the case
of building materials. Through a careful study of literature, it was found that there exist several
shortcomings in the models used for the analysis of the response of systems. To overcome these
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shortcomings, this thesis primarily addresses the development of process based models, analysis
of their implications and experimental validations for the *?Rn/*°Rn emission measurement
techniques, both for outdoor and indoor environment. A two dimensional, two-region, diffusion
process based, Non Steady State (NSS) model is developed and solved analytically to quantify
the response of the soil chamber deployed on soil surface. The 2-D model enables a simple
surface chamber deployment protocol as compared to the deep insertion protocol, commonly
used to meet the assumptions of the case of 1-D model. Another important aspect of the 2-D
model is that it provides simultaneous information of pre-deployment emission flux and soil
diffusion coefficient. The model predicts an instantaneous flux drop due to change in the gas
mixing process during deployment of the chamber. The model also predicts other parameters
such as saturating concentration in the chamber and its time response, useful parameters for
selecting appropriate size of chamber for different applications in environmental specific
studies. Experimental validation of the 2-D model has been carried out by conducting systematic
experiments at a uranium mineralized zone, Jaduguda. Subsequent to its validation, practical
applicability of the 2-D model is demonstrated by studying flux profile across a sealed surface, a
mixed boundary value problem. A good matching has been observed between chamber based
measurement and diffusion theory based flux estimate. To correctly predict the indoor
emission source term due to walls, a semi-empirical model is proposed which requires input
parameters such as emission rate of building materials samples, radon diffusion length in the
materials, dimension of the samples and thickness of the wall. Study indicated that there exists
a large difference in the surface emission fluxes from building materials samples and that from a
wall made by these materials. This fact was also supported by experimental results. It is hoped
that the various developments presented in the thesis will go a long way in strengthening our
confidence in the assessment methods, so as to provide a realistic perspective of the radon,
thoron issues in the country and elsewhere in the world.

Publications

Journal

1. A model to predict radon exhalation from walls to indoor air based on the exhalation from
building material samples, B.K. Sahoo, B.K. Sapra, J.J. Gaware, S.D. Kanse, Y.S. Mayya, Sci of
Total Environment, 2011, 409, 2635-2641

2. Two dimensional diffusion theory of trace gas buildup in soil chambers for flux
measurements, B.K. Sahoo, Y.S. Mayya, Agric. and Forest Meteorol, 2010, 150, 1211-1224.

3. Radon exhalation studies in an Indian Uranium tailings pile, B.K. Sahoo, Y.S Mayya, B.K. Sapra,
J.J. Gaware, K.S. Banerjee, H.S. Kushwaha, Radiation Measurements 2010, 45, 237-241.

4. Estimation of radon emanation factor in Indian building materials, B.K. Sahoo, D. Nathwani,
K.P. Eappen, T.V. Ramachandran, J.J. Gaware, Y.S. Mayya, Radiation Measurements, 2007, 42,
1422-1425.

Conferences

1. Development of a fitting algorithm for the joint estimation of radon flux and diffusion
coefficient, B.K. Sahoo, B.K. Sapra, Y.S. Mayya, Proceeding of IARPNC, 2012, 82

2. A study on thoron exhalation from monazite beach sands at High Background Radiation
Areas, Kerala, B.K. Sahoo, S.D. Kanse, J.J. Gaware, B.K. Sapra, Y.S. Mayya, Conference
proceeding of International Conference 7-HLNRRA (High Levels of Natural Radiation and
Radon Areas), 2010, 56-57

3. Measurement of radon flux and tailings parameters to quantify the source term of radon
exhalation from U tailings pile at Jaduguda, B.K. Sahoo, Y.S Mayya, B.K. Sapra, J.J. Gaware,
H.S. Kushwaha, Proceeding of IARPNC, 2010, 35

4. Radon flux from a uranium tailings pond- A comparative study between measured and
estimated values, B.K Sahoo., K.P. Eappen, K.S. Banerjee, T.V. Ramachandran, D. Sengupta,
Y.S. Mayya, Proceedings of sixteenth National Symposium on Environment, 2008, 251-256.
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Abstract

MagnetoCardioGraphy (MCG), which is the magnetic counterpart of the surface
ElectroCardioGraphy (ECG), measures the magnetic field (typically 50pT at QRS peak) produced
by the electrical activity of the myocardial tissues constituting the heart in a non-invasive and
non-contact way by harnessing the highly sensitive Superconducting QUantum Interference
Devices (SQUIDs). The inherent advantages of the MCG technique have been explored in clinical
research over the last two decades and is now receiving considerable attention. In view of this,
several research groups, including that at IGCAR, Kalpakkam, have established multichannel MCG
systems. These enable simultaneous measurements of magnetic fields at a discrete set of points
on the thorax to generate a comprehensive picture of the magnetic field distribution, which
makes it possible to visualize the cardiac source in terms of current density maps and source
reconstruction through the solution of the inverse problem.

This thesis describes the efforts involved in the assembly and wiring of a multichannel MCG
measurement facility and in using the facility to record multichannel MCG data. Since the
measured MCG data often has a low signal-to-noise ratio (SNR), it was essential to explore
methods to denoise the measured data prior to using for estimation of source parameters.
Towards this, Ensemble Empirical Mode Decomposition (EEMD) based approach was developed
and its performance in enhancing the SNR was assessed by comparing it with other standard
denoising techniques based on wavelet transform and Independent Component Analysis (ICA). A
combination of EEMD and ICA applied to the multichannel MCG data is shown to have the twin
advantages of significant improvement in SNR and a lower computational burden. An assessment
of the performance of the combination of EEMD and ICA has been compared with other standard
techniques such as the use of ICA alone and wavelet enhanced ICA (wICA). The denoised data has
been used for the construction of pseudocurrent density maps and for estimation of source
parameters in the context of a single equivalent current dipole model. The effect of signal
denoising on the pseudocurrent density maps and on the estimation of source parameters is
discussed.

Publications

a. Published

1. Gireesan, K., Parasakthi, C., Sengottuvel, S., Mariyappa, N., Rajesh Patel, Janawadkar, M.P.,
and Radhakrishnan, T.S., Establishment of 13 Channel SQUID based MEG system for studies
in biomagnetism, Indian Journal of Cryogenics, 2012, 36(1-4):169-172.

2. Mariyappa, N., Parasakthi, C., Sengottuvel, S., Gireesan, K., Rajesh Patel, Janawadkar, M.P.,
Sundar, C.S., and Radhakrishnan, T.S., Dipole localisation using SQUID based measurements:
Application to magnetocardiography, Physica C, 2012, 477, 15-19.

3. Sengottuvel, S., Parasakthi, C., Mariyappa, N., Rajesh Patel, Gireesan, K., Janawadkar, M.P.,
Radhakrishnan, T.S., and Muralidharan, T.R., Enhancing the reliability in the non-invasive
measurement of the His bundle magnetic field using a novel signal averaging methodology,
Annals of Noninvasive Electrocardiology, 2012, 17(3):186-194.

b. Comm unicated;
1. Mariyappa, N., Sengottuvel, S., Parasakthi, C., Gireesan, K., Janawadkar, M.P.,
Radhakrishnan, T.S., and Sundar, C.S., Baseline Drift Removal and Denoising of
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Magnetocardiography data using Ensemble Empirical Mode Decomposition: Role of Noise
Amplitude and the Thresholding Effect (Communicated to Medical Engineering and
Physics).

2. Mariyappa, N., Sengottuvel, S., Rajesh Patel, Gireesan, K. Janawadkar, M.P.,
Radhakrishnan, T.S., and Sundar, C.S., Denoising of multichannel MCG data by the
combination of EEMD and ICA and its effect on the pseudo current density maps
(Communicated to Medical & Biological Engineering & Computing).

C. Conferences/Proceedings;

1. Mariyappa, N., Janawadkar, M.P., Radhakrishnan, T.S., Sundar, C.S., Sengottuvel, S.,
Gireesan, K., Parasakthi, C., and Rajesh Patel, Elucidation of Equivalent Current Dipole from
Magnetocardiography measurements, AIP Conference Proceedings, 2 Oil, 1349:449-450.

2. Mariyappa, N., Parasakthi, C., Sengottuvel, S., Rajesh Patel, Gireesan, K., Radhakrishnan,
T.S., Janawadkar, M.P., Sundar, C.S., Improving noise performance of the SQUID in the
presence of high resistive leads, AIP Conference Proceedings, 2012, 1447:891-892.

3. Parasakthi, C., Rajesh Patel, Sengottuvel, S., Mariyappa, N., Gireesan, K., Janawadkar, M.P.,
Radhakrishnan, T.S., Establishment of 37 Channel SQUID System for Magnetocardiography,
AIP Conference Proceedings, 2 012, 1447:871-872.

4, Sengottuvel, S., Parasakthi, C., Mariyappa, N., Rajesh Patel, Gireesan, K., Janawadkar, M.P.,
Radhakrishnan, T.S., His bundle activity by Magnetocardiography with QRS-onset as fiducial
point, (Proceedings of BIOMAG 2012).

5. Mariyappa, N., Parasakthi, C., Gireesan, K., Sengottuvel, S., Rajesh Patel, Janawadkar, M.P.,
Radhakrishnan, T.S., Sundar, C.S., Development of Multichannel MEG System at IGCAR, AIP
Conference Proceedings, 2 013, 1512:1152-1153.
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Abstract

Inertial Confinement Fusion (ICF) is an approach to attain controlled nuclear fusion by using high
power lasers or charged particle beams as drivers to create high energy density plasma. Plasma
heating by charged particles and neutrons, energy exchange between ions and electrons and
radiation losses are the primary mechanisms determining the ignition conditions in a
thermonuclear plasma. In this thesis, we analyze the effects of elastic nuclear scattering, large
angle Coulomb scattering and collective plasma effects on the thermalization distance and
energy leakage probability of the charged fusion products in a deuterium (D) and deuterium-
tritium (DT) plasma. We also develop a simple model for energy deposition by the neutrons as a
result of nuclear interaction with the ions. This improved energy deposition scheme is applied to
a zero-dimensional model which solves the rate equations for the ions and three temperature
(3T) energy equations for ions, electrons and radiation. The concept of internal T breeding is
reevaluated using this model and it is found that tritium breeding improves significantly in
comparison with earlier estimates. We obtain optimum parameters for the initial pellet
temperature, density and T fraction for which T acts as a catalyst, helps in reducing the ignition
temperature and the D in the pellet burns sufficiently before the pellet disassembles.
Modifications have been made in the model to include central ignition and yields have been
obtained for DT pellets having a wide range of initial densities and temperatures.

Radiation transport and its interaction with matter via emission, absorption and scattering of
radiation have a substantial effect on both the state and motion of materials in high temperature
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hydrodynamic flows occurring in high energy density systems. Non-equilibrium radiation
transport equation is non-linearly coupled to the material energy equations with the material
properties having complex dependence on the independent variables. Time dependent radiation
transport codes are commonly solved numerically. Nevertheless, analytical benchmark results for
test problems are necessary to validate and verify the numerical codes. In this thesis, new
analytical benchmark solutions have been obtained for a finite planar slab, sphere and spherical
shell using both the Laplace transform and eigenfunction expansion method. 1D codes are also
developed for hydrodynamics, radiation diffusion and transport simulation. Finally, a fully implicit
1D radiation hydrodynamics code is developed by coupling implicit finite difference
hydrodynamics with time dependent radiation transport. The results agree with the scaling law
for radiation driven strong shock propagation through Al in the planar geometry and point
explosion with heat conduction in the spherical geometry. Having, thus, benchmarked the code,
self convergence of the method w.r.t., time step is studied in detail for both the planar and
spherical problems. Spatial as well as temporal convergence rates are ~ 1 as expected from the
difference forms of mass, momentum and energy conservation equations. At the initial stages of
ICF implosion, when phase transition from the solid to liquid phase occurs, accurate knowledge
of the melting point for various pressures is essential for choosing the proper EOS to be used for
hydrodynamic simulation. The melting curves of Cu and Al have been obtained using classical
molecular dynamics simulation. Role of random and site-selective substitution of Ti in Cu is also
analyzed in terms of the Radial Distribution Function (RDF).

Publications
Journal

1. "Energy Deposition of Charged Particles and Neutrons in an Inertial Confinement Fusion
Plasma", Karabi Ghosh and S. V. G. Menon, 2007, Nuclear Fusion, 47, 1176-1183.

2. "Fully implicit 1D radiation hydrodynamics: Validation and verification", Karabi Ghosh and S.
V. G. Menon, 2010, Journal of Computational Physics, 229, 7488-7502.

3. "Analytical benchmark for non-equilibrium radiation diffusion in finite size systems", Karabi
Ghosh, 2014, Annals of Nuclear Energy, 63, 59-68.

Conferences

1. "Study of the ignition requirements and burn characteristics of DT, pellets for ICF", Karabi
Ghosh and S. V. G. Menon, 2010, Journal of Physics: Conf. Series, 208, 012003.

2. "Convergence studies of fully implicit 1D radiation hydrodynamics", Karabi Ghosh and S. V. G.
Menon, DAE-BRNS National Laser Symposium (NLS-19), Raja Ramanna Centre for Advanced
Technology, Indore, India, 1-4 December 2010. Paper No. 3281, P-6.09, Page 101.

3. "Melting curve of metals using classical molecular dynamics simulations", Karabi Ghosh,
2012, Journal of Physics: Conf Series, 377, 012085.

4. "Effect of site selective Ti substitution on the melting point of CuTi alloys", Karabi Ghosh and
M. Ghosh, 2013, AIP Conf. Proc., 1512, 58-59.

5. "Thermonuclear burn and fusion yields of DT pellets", Karabi Ghosh DAE-BRNS National Laser
Symposium (NLS-21), Bhabha Atomic Research Centre, Mumbai, India, 6-9 February 2013.
Paper No. 4007, CP-08-01, Page 87.
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Abstract

Consolidation of TiB, is a challenge due to its high melting point; covalent nature requires high
temperatures for sintering. However, borides undergo an abnormal grain growth at high
temperatures. The occurrence of microcracking at the grain boundaries is also promoted with the
increase in grain size. Thus, it is very difficult to achieve crack free dense borides by the
conventional cold compaction and sintering, as no shape accommodation occurs without an
external pressure and large pores tend to coarsen during high temperature sintering.

In order to overcome the above issues it is very essential to add a suitable sinter additive.
Choice of sinter additive is a challenge to obtain a density without losing its (TiB,) inherent
properties. Silicides have attracted considerable interest due to their compatibility with borides
to densify at lower temperatures. In the present investigations, various silicides were used to
densify the TiB, by hot pressing. Silicides not only lowered the densification temperature, but
also helped to improve the toughness and oxidation resistance. Reactive sintering and liquid
phase sintering were the main densification mechanism in all the cases. Silicon in the silicides
helped to reduce the surface oxides of TiB,, which is advantageous as mentioned above.
Presence of reaction product/secondary phase helped to improve the fracture toughness by
crack deflection or bridging mechanisms. However, presence of silicon also helped to improve
the oxidation resistance by formation of a thin glassy layer on the surface. Effect of various
silicides and its quantity on the densification, properties and oxidation behavior was mainly
studied in this thesis.

Publications

International Journal Publications out of this thesis

[1] T.S.R.Ch.Murthy, J.K.Sonber, C.Subramanian, R.C.Hubli N.Krishnamurthy and A.K.Suri,
“Densification, characterization and oxidation studies of (TiCr)B,+20%MoSi,,” Int. J. Refract.
Met. Hard Mater. 37, 12-28 (2013).

[2] T.S.R.Ch.Murthy, J.K.Sonber, C.Subramanian, R.C.Hubli N.Krishnamurthy and A.K.Suri,
“Densification and Oxidation behavior of a novel TiB, - MoSi, - CrB, composite” Int. J.
Refract. Met. Hard Mater. 36, 243-253 (2013)

[3] T.S.R.Ch.Murthy, J.K.Sonber, C.Subramanian, R.C.Hubli and A.K.Suri, “Densification,
Characterization and Oxidation studies of TiB, + WSi, composite” Int. J. Refract. Met. Hard
Mater. 33, 10-21 (2012)

[4] T.S.R.Ch.Murthy, J.K.Sonber, C.Subramanian, R.K.Fotedar, Sunil Kumar, M.R.Gonal and A. K.
Suri, “A New TiB, + CrSi, composite - Densification, Characterization and oxidation studies”
Int. J. Refract. Met. Hard Mater.28, 529-540 (2010)

[5] T.S.R.Ch.Murthy, C.Subramanian, R.K.Fotedar, M.R.Gonal, P.Sengupta, Sunil Kumar,
A.K.Suri “Preparation and property evaluation of TiB,+TiSi, composite” International
Journal of Refractory Metals and Hard Materials; 27, 629-636 (2009)

[6] T.S.R.Ch.Murthy, J.K.Sonber, C.Subramanian, R.K.Fotedar, M.R.Gonal and A. K. Suri; “Effect
of CrB, addition on densification, properties and oxidation resistance of TiB,”, Int. J.
Refract. Met. Hard Mater., 27[6], 976-984 (2009)

[7] J. K. Sonber, T.S. R. Ch. Murthy, C. Subramanian, Sunil Kumar, R. K. Fotedar and A. K. Suri,

Investigation on synthesis, pressureless sintering and hot pressing of chromium diboride Int.
J. Refract. Met. Hard Mater.; 27, 912-918 (2009)
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Software design, development and testing have become very intricate with the advent of modern highly
distributed systems, networks, middleware and interdependent applications. In nuclear power plants
(NPP) many systems are being used in Safety Critical and Safety Related applications, which demand a
very high reliability. As software becomes an increasingly important part of many different types of
systems that perform complex and critical functions in many applications, such as defense, nuclear
reactors, etc., the risk and impacts of software caused failures have increased. There is now a general
agreement on the need to increase software reliability by eliminating errors made during software
development.

Software is designed to perform a set of specified functions. Upon execution of a program, an input state
is translated into an output state. An input state can be defined as a combination of input variables or a
typical transaction to the program. When the actual output deviates from the expected output, a failure
occurs. Software faults are most often caused by design faults. Design faults occur when a designer,
misunderstands a specification or makes a mistake. Software reliability is defined as the probability of
failure-free software operations in a specified environment.

The main objective of the research is the estimation of software reliability for safety systems of NPP. In
the process of assessment of reliability the following sub-objectives are envisaged since software
reliability is more concerned with design, methodologies, practices and the tools used in the process of
software development. The sub-objectives are

(a) Development of software life cycle model for safety critical systems.

(b) Determination of software metrics & development of software metric tool.

(c) Development of Software Verification and Validation methodology.

(d) Development of Software Reliability Model.

(e) Estimation of Software Reliability for Safety systems of NPP

The Research work is specifically for the software development on Instrumentation & Control systems
employed in NPP. The reliability estimation is based on the following parameters: Cyclomatic Complexity,
Local & Global Variables, Nesting Levels, Kilo Lines of code, Adherence to the standards, V&V iterations,
Number of functions, Comment to code ratio and Number of interrupts. Robustness and validation of the
methodology has been demonstrated by applying it to software deployed in Safety Critical & Safety
Related systems of a Fast Reactor.

Publications
Journals

1) D. Thirugnana Murthy, T. Sridevi, A. Shanmugam and P. Swaminathan, Verification &
Validation for Safety Critical Real Time Computers (ISSN 0973-9238) International Journal on
Intelligent Electronic Systems, pp 15 -21, November 2007.

2) T.Sridevi, A.Shanmugam, D.Thirugnana Murthy, S.I. Sambasivan and, P.Swaminathan, Static
Analyzer for Computer Based Safety Systems, Journal of the Instrument Society of India
(1s0l), Vol. 37(1), pp. 40-48, 2007.

3) D.Thirugnana Murthy, N.Murali, T.Sridevi, S.A.V. Satya Murty, K.velusamy,Software
Reliability Growth Model For Safety Systems of Nuclear Reactor, acceptedby Journal of Life
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Cycle Reliability and Safety Engineering, Society for Reliability and Safety (SRESA), ISSN 2250
0820
4) D.Thirugnana Murthy, Software Reliability Assessment and Modeling for Safety Systems of
Nuclear Reactor Communicated to International Conference on Advances in Communication,
Network and Computing www.easychair.org/conferences/?conf=cnc2012 — CONC 2012, The
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Abstract

Cubic iron oxide nanoparticles such as magnetite find a wide ranging applications spanning from
high density magnetic memory devices, magnetically guided drug delivery, hyperthermia to
spintronic devices. Understanding of the Verwey transition (high temperature metallic to
insulating) in this system at 120 K still remains incomplete. The thesis mainly addresses some of
the important issues related to local structure and magnetic properties of the nanoparticles of
magnetite using a detailed *’Fe based Mossbauer spectroscopy.

Evolution of nanoparticles of off-stoichiometric magnetite and goethite formed in the co
precipitation process to stoichiometric magnetite due to controlled annealing treatment has
been studied in a detailed manner. Stability of magnetite nanoparticles capped with oleic acid
surfactant and bound in zeolite template based on the hyperfine parameters and their systematic
variations with annealing treatments. A strong binding of oleic acid by off stoichiometric
magnetite and goethite nanoparticles has been exploited to obtain stoichiometric nanoparticles
of magnetite limiting the size of these particles to less than 12 nm and a detailed Mossbauer
studies have been carried out at different temperatures between 300 — 80 K.

Point defects aspects in off stoichiometric nanoparticles of magnetite have been studied in a
detailed manner to understand the cationic occupation. Also the role of point defects in inducing
ferromagnetism in zinc ferrite nanoparticles is elucidated based on the systematics of the
Mossbauer results obtained due to the coarsening of the particles. These results are compared
with that of bulk zinc ferrite subjected to vacuum ( =~ 10° mbar) annealing at elevated
temperature.
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022101 (2013)

2. “Atomic scale study on the thermal evolution of local structure and magnetic properties in
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Abstract

Some aspects of the interplay between bipartite correlations and quantum channels”, Krishna
Kumar Sabapathy.

This thesis explores ways in which quantum channels and correlations (of both classical and
guantum types) manifest themselves, and also studies the interplay between these two aspects
in various physical settings. Quantum channels represent all possible evolutions of states,
including measurements, allowed by quantum mechanics, while correlations are intrinsic
(nonlocal) properties of composite systems. There are four main problems that was addressed
in each of the main Chapters in the thesis: (i) The role played by initial system-bath correlations
on the subsystem dynamics of an open quantum system. Only product initial system-bath states
lead to completely positive system dynamics, disproving a recent claim in literature.

(ii) Computation of correlations for two-qubit X-states, namely, classical correlation, quantum
discord, and mutual information: the optimal measurement is obtained by finding the root of a
single variable function. The method exploits the complete geometric nature of the problem and
clarifies and corrects many results recently published by a few authors.

(iii) The robustness of non-Gaussian entanglement under symmetric local noisy attenuator and
amplifier channels: we demonstrate simple examples of nonGaussian states with 1 ebit
entanglement that are more robust that all Gaussian states with arbitrary large entanglement.

(iv) Connection between nonclassicality breaking and entanglement breaking for single-mode
bosonic Gaussian channels: we introduce the notion of nonclassicality breaking channels are
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bring out the differences and similarities with respect to the well-known notion of entanglement
breaking channels.
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2) J.S.Ivan, K. K. Sabapathy, and R. Simon. Operator-sum Representation for Bosonic Gaussian
Channels. Physical Review A, 84, 042311 (2011);

3) Nonclassicality breaking is the same as entanglement breaking for bosonic Gaussian
channels. J. S. Ivan, K. K. Sabapathy, and R. Simon. Phys. Rev. A, 88, 032302 (2013).

4) Quantum discord for two-qubit X-states: A comprehensive approach inspired by classical
polarization optics. K. K. Sabapathy and R. Simon. arXiv:1311.0210 [quant-ph].Quantum
discord plays no distinguished role in characterization of complete positivity: Robustness of
the traditional scheme. K. K. Sabapathy, J. S. Ivan, S. Ghosh, and R. Simon. arXiv:1304.4857
[quant-ph].
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Abstract

2-ethyl hexyl phosphonic acid 2-ethyl hexyl mono ester (PC88A) and di-nonyl phenyl phosphoric
acid (DNPPA) are the close analog of di-2-ethyl hexyl phosphoric acid (D2EHPA). Extraction of
metal ions using these extractants occurs mostly via cation exchange mechanism. Our literature
survey shows that no detailed study has been done on extraction behavior of U(VI) from nitric
acid medium using PC88A as well as DNPPA as extractants. Therefore, the aim of the present
thesis is to investigate the extraction behavior of U(VI) from HNO; medium using these
extractants to establish the exteaction mechanism and the evaluation of the effects of various
parameters such as diluents, extractant and metal ion concentration, temperature and stripping
agents. The presence of neutral donors such as TBP, TOPO, MIBK (methyl isobutyl ketone), DOSO
(di octyl sulphoxide), Cyanex 923 showed synergism. Synergistic coefficients (S.C) at different
nitric acid concentrations were calculated and correlated with their acid uptake constants. An
attempt has been made to develop empirical model for the U(VI) extraction from H,SO,; medium
using PC88A and its mixture with neutral donors like TOPO in n-dodecane. Further studies were
carried out for process development for separation of U(VI)-Th(IV) from monazite leach solution
using novel solvent tris-2-ethyl hexyl phosphate (TEHP). Uranyl nitrate raffinate (UNR) waste
generated from uranium purification plant is an important secondary source of uranium which
contains <1 g/L uranium and a large number of other metal ions as impurities. In this thesis an
attempt has been made for Supported Liquid Membrane (SLM) treatment to recover high purity
uranium from this raffinate. Different organophosphorous extractants such as (a) acidic (HA):
PC88A, Cyanex 272, DNPPA, D2EHPA; (b) neutral (S): TBP, TEHP, TOPO, TEBP, Cyanex 923 and
their different synergistic combination dissolved in n-paraffin were used as carriers impregnated
in polytetrafluoroethylene (PTFE) membrane. Investigation have also been carried out on the
aggregation behavior of DNPPA under varying experimental conditions such as aqueous phase
acidity, nature of diluents, and ligand concentration using Dynamic Light Scattering (DLS),
spectrophotometry. The aggregation behavior has been correlated with the extraction properties
of metal ions such as U(VI) from HNO; medium. A simple spectrophotometric technique is
described in this thesis for the determination of uranium in ore leach solutions. The technique is
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based on the selective extraction of uranium from multi-elemental system using a synergistic

mixture of PC88A + TOPO in cyclohexane and simultaneous color development in organic phase
using 2-(5-bromo-2-pyridylozo)-5-diethyl aminophenol (Br-PADAP) as chromogenic reagent.

Publications
Journals
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phosphine oxide (TOPO) as extractants, S. Biswas, P.N. Pathak, D.K. Singh, S.B. Roy, V.K.
Manchanda, J. Radioanal. Nucl.Chem. 289 (2011) 557-564.
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Manchanda, Des. Water. Treat., 38 (2012) 151-158.

7. Carrier facilitated transport of uranium across supported liquid membrane using dinonyl
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Desalination 290 (2012) 74-82.

8. Development of an extractive spectrophotometric method for estimation of uranium in ore
leach solutions using 2-ethylhexyl phosphonic acid-mono-2-ethylhexyl ester (PC88A) and tri-
n-octyl phosphine oxide (TOPO) mixture as extractant and 2-(5-bromo-2-pyridylozo)-5-diethyl
aminophenol (Br-PADAP) as chromophore, S.Biswas, P.N.Pathak, S.B.Roy, Spectrochimica
Acta Part A 91 (2012) 222—-227.

9. Kinetic Modeling of Uranium Permeation Across a Supported Liquid Membrane Employing
Dinonyl phenyl phosphoric acid (DNPPA) as the Carrier, Sujoy Biswas, P.N. Pathak, S.B. Roy,
Int. J. Ind. Eng. Chem. 19 (2013) 547-553.

10. An insight into the speciation and extraction behavior of Eu(lll) with dinonyl phenyl
phosphoric acid and di(2-ethylhexyl) phosphoric acid: Solvent extraction and fluorescence
Studies, Sujoy Biswas, P.N. Pathak, S.V. Godbole, S.B. Roy, Sep. Sci. Technol, 48: 2418-2424,
2013.
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Abstract

A novel interfacial polymerization at liquid/air interface has been used for the synthesis of
freestanding polypyrrole films. In this method a solution consisting of 1mM porphyrin-derivative
(TPPOH) and 0.01-1M pyrrole is dropped onto 0.1M aqueous FeCl; solution kept in a beaker.
TPPOH/PPy bilayer forms spontaneously at the air/FeCl; interface, which after washing in
dichloromethane yielded in free-standing PPy nanosheets. Detailed investigation revealed that
TPPOH quickly forms J-aggregate films at air/FeCl3 interface, which acts as an in-situ template for
the growth of PPy nanosheets. These nanosheets are typically 100-150 nm thick. The room
temperature conductivity of polypyrrole sheets synthesized without and with TPPOH template
were respectively, 5*10' and 3x10" Scm"*. The charge carrier mobility (p) at 300K was found to
be 5.34x10"™ m’V''s"’. The low temperature resistivity measurements indicated that charge
transport occurs via variable range hopping conduction (VRH). Polypyrrole nanosheets exhibited
an enhanced response towards NH; with typical response and recovery times (for 50 ppm) of 240
s and 50 min, respectively.

We have fabricated first ever field effect transistors in top contact top gate geometry were
fabricated using freestanding polypyrrole nanosheets as an active channel. The on-off ratio of the
device was found to be ~20. However, there are still some issues pertaining to the mechanical
strength of the device, which need to be improved.

Freestanding polypyrrole films were also synthesized using another innovative method at
air/liquid interface via acidic oxidation of terpyrrole. The conductivity of these polypyrrole films is
found to be ~107 Scm™.The hysteretic current-voltage characteristics were gainfully used for
demonstration of resistive memory devices.

The flexible polypyrrole-silver nanocomposite films have been prepared on N-(3-
trimethoxysilylpropyl)pyrrole modified biaxially oriented polyethylene terephthalate (BOPET)
substrate by photopolymerisation of pyrrole using AgNOs; as a photo-initiator.

These nanocomposite films are well adherent, flexible and mechanical very strong. The room
temperature electrical conductivity of these films is ~15 Scm™, which is attributed to the high
conjugation length, incorporation of Ag nanoparticles and ordered structure due to the template
effect of the silanised pyrrole layer. The polypyrrole-silver nanocomposite films show a reversible
conductivity change in the opposite manner on exposure to ppm levels of H,S and NH; gases. A
mechanism has been proposed to explain these antagonistic responses for reducing gases.

We have demonstrated fabrication of flexible field-effect transistors (FETs) using poly[N-9'-
heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1',3'-benzothiadiazole)], PCDTBT, as an
active channel, poly(methyl methacrylate) (PMMA) as gate dielectric and biaxially oriented
polyethyleneterephthalate (BOPET) as supporting substrate.The devices exhibit on-off ratio of
~10° and mobility of ~10* cm?V'’s", which can be further improved. These devices were highly
stable under atmospheric conditions (temperature: 20-35°C and relative humidity: 70-85%), as no
change in mobility was observed on a continuous exposure for 70 days. The studies on the effect
of strain on mobility revealed that devices are stable up to a compressive or tensile strain of
1.2%, indicating that PCDTBT is a very promising active layer for the air stable and flexible FETs.
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Abstract

1. Context

Software based systems have several advantages over hardware based systems in terms of
functionality, cost, flexibility, maintainability, reusability, etc. However, software is prone to
failure. Poorly written safety-critical software may lead to catastrophic failures and life
threatening situations. Hence, safety-critical software must be adequately tested; and the
probability of occurrence of software failures must be studied.

Quantification of software reliability is considered an unresolved issue; and existing approaches
and models have assumptions and limitations which are not acceptable for safety applications.
Also, to build reliable software, it is necessary to study the factors which are likely to affect the
software reliability.

2. Objectives

1. To propose an automated method to generate test cases, and to determine test adequacy in
safety-critical software.
2. To propose an approach to quantify software reliability in safety-critical systems of nuclear
reactors.
To study the factors affecting software reliability in such safety systems.
4. To understand the relationship between the software reliability and number of faults
remaining in the software.

b
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5. To understand the relationship between the software reliability and safety in safety critical
systems.
3. Method

To quantify the software reliability, a hybrid approach using software verification and mutation
testing is proposed. Techniques to solve related issues such as quantification of software test
adequacy and detection of equivalent mutants are also presented. The steps proposed to
quantify software reliability are:

1. Generation of large number of test cases, where each test case has a unique execution path.
To achieve this, code coverage information and genetic algorithms are used.

2. Verification of test cases using a semi-formal model, which is traceable to requirements; and
acts as a test oracle.

3. Calculation of test adequacy for the above generated test cases in the range [0,1] using
mutation score and conservative test coverage.

4. Calculation of software reliability using the computed test adequacy and the amount of
verification carried out.

The formulae for software reliability are derived, and the factors affecting software reliability are

presented. The proposed methods are applied to software in the following instrumentation and

control systems for fast breeder reactors:

Fresh Sub-assembly Handling System (FSHS)

Reactor Startup system (RSU)

Steam Generator Tube Leak Detection system (SGTLD)

Core Temperature Monitoring System (CTMS)

Radioactive Gaseous Effluent System (GES)

Safety Grade Decay Heat Removal system (SGDHR)

Also for each case study, mutant characteristics during mutation testing, and the relationship
between software reliability and safety are presented.

4, Major results

v E W

1. For the case studies, the proposed test case generation technique has resulted in high test
adequacy. Using the generated test cases, the probability of software failure in the case
studies has been demonstrated to be < 10~ for a random input from the input domain,
with 95% confidence level.

2. In mutation testing, for an effective set of test cases, the unkilled mutants have been
found to have lower variance in their properties when compared to the killed mutants.

3. Three factors: (i) test adequacy, (ii) the amount of verification carried out, and (iii) the
amount of verified code reused; have been found to be affecting the software reliability.

4. The results of present study suggest that software reliability estimates based on the
number of faults present in the software alone, are likely to be inaccurate for safety-
critical software.

5. The empirical results indicate that: for safety-critical software, the required safety can be
achieved by improving the reliability; however the vice-versa is not always true.

5. Conclusion

The methods and analysis presented in this thesis demonstrate the use of software testing to
arrive at an estimate of the software reliability. The results on relationship between the software
reliability and safety in safety-critical systems would be helpful in understanding the dynamics
behind developing safer software based systems.

The proposed approaches can be used by safety-critical software developers to improve the

software reliability. Also, the regulators may use the techniques to verify reliability, safety, and
dependability claims.
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Abstract

The thesis contains theoretical investigations associated with the extreme state of matter, called
Quark-Gluon Plasma (QGP), which is created in the collisions of heavy nuclei at relativistic
energies in the laboratory. Different aspects of QGP have been inspected through: Direct photon
momentum correlation, Quenching of large momentum jets and Jet-triggered Compton back-
scattered photon production in this work.

Within the framework of hadron resonance gas model, we have constructed an equation of state
(EoS) of hot hadronic matter which consists of discrete hadronic states of mass (m)< 2 GeV and
continuous Hagedorn states in the mass range 2< m< 12 GeV and accounted for the finite volume
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of hadrons. This description is then switched over either to Bag model EoS or lattice EoS of QGP
at temperature 165 MeV. The EoS includes the Bag Model admits a first order phase transition
whereas the lattice based EoS shows a rapid cross-over from QGP to hadron gas. Using the two
EoS, we have calculated thermal particle and photon momentum spectra for the central collisions
of gold or lead nuclei at the top RHIC (200A GeV) and LHC (5.5A TeV) energy respectively. The
particle and photon spectra have shown marginal sensitivity to the difference between the two
EoS. However the thermal photon intensity correlation has been found to be quite distinct for
the two EoS, especially for the outward direction.  Thus the work could be proved valuable in
respect of probing the EoS of strongly interacting matter in experiment.

We have investigated the system size dependence of jet-quenching by analyzing the suppressed
production of hadrons in the collisions of gold and copper nuclei at RHIC (200A) and lead nuclei
at the LHC (2.76A TeV) energy. Next-to leading order perturbative quantum chromodynamics has
been used for the initial production of partons and then they are assumed to lose energy via
gluon radiation while traversing the QGP. The energy loss per collision, €, is taken proportional to
the energy of the parton (E), VE or constant for the incoherent, partial coherent and complete
coherent regimes of gluon radiation. The probability of multiple scattering of partons and nuclear
modification to the parton distributions are also taken into account. The QGP medium is
considered as an assembly of static scattering centers at some fixed temperature. By treating € as
the only free parameter, we have reproduced the centrality dependence of nuclear modification
factor (Raa) of hadron production measured at RHIC and LHC experiment. Thus the work has
demonstrated the change in parton energy loss mechanisms which is reflected through the
transverse momenta of final state hadrons.

The direct photons (real and virtual) are considered as an excellent messenger of QGP properties
because of their weak electromagnetic coupling with the medium. Several sources of direct
photon have been proposed so far in theory but separation of a single contribution is a
challenging task in experiment. The jet-medium Compton back-scattered photons are found to
contain valuable information about the temperature and parton energy loss mechanism in QGP.
We have proposed a novel way to separate these photons from other direct photon sources by
using the correlation with a trigger jet at large photon momentum. Only the hard prompt
photons are produced in coincidence with a jet, hence considered as a ‘background’ for this
study. We have evaluated the invariant yield and nuclear modification factor (Raa) of back-
scattering photons in coincidence with the trigger jet at leading order of strong coupling for the
central collisions of gold or lead nuclei at RHIC (200A GeV) and LHC (2.76A TeV) energy. The
back-scattering photons have caused a sharp peak in Raa around the trigger jet window which
could be considered as potential signal. However it has been found that inclusion of higher order
processes for the ‘background’ and account for the trigger jet energy loss tends to wash out the
signal. Thus we conclude that there exists a possibility to separate back-scattering photons from
other sources if the energy of the trigger jet can be determined reliably in experiment.

Publications
a. Published:
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1) Equation of state of strongly interacting matter: spectra for thermal particles and intensity
correlation of thermal photons. S. De, D. K. Srivastava and R. Chatterjee, J. Phys. G 37,
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S. De and D. K. Srivastava, J. Phys. G 39, 015001 (2012); Corrigendum: J. Phys. G 40, 049502
(2013).

3) Nuclear modification of charged hadron production at LHC. S. De and D. K. Srivastava, J.
Phys. G 40, 075106 (2013).
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4)  Predictions for p+Pb collisions at B syy = 5 TeV*. J. L. Albacete et al., Review paper 6.1 Direct
photon cross-section, R. J. Fries and S. De International J. of Mod. Phys. E 22, 1330007
(2013).

In conference/ symposium proceedings:

1) Equation of state of strongly interacting matter and intensity interferometry of thermal
photons. S. De, D. K. Srivastava and R. Chatterjee, Nucl. Phys. A 862-863 (2011) 290c-293c.
6" International Conference on Physics and Astrophysics of Quark Gluon Plasma, 6-10
December, Goa, India.

2) Centrality dependence of jet-quenching at RHIC. S. De and D. K. Srivastava Proceedings of
the DAE Symposium on Nucl. Phys. 56, 906-907 (2011).

3) Jet-Tagged Back-Scattering Photons for Quark Gluon Plasma Tomography. R. J. Fries, S. De,
D. K. Srivastava, Nucl. Phys. A 904-905 (2013) 569c-573c. Quark Matter 2012 International
Conference, 13-18" August, Washington DC, USA.

4)  Jet-Tagged Back-Scattering photons for Quark Gluon Plasma Tomography. R. J. Fries, S. De,
D. K. Srivastava, Nucl. Phys. A 910-911 (2013) 482c-485c. Hard Probes 2012, 27 May- 1 June,
Cagliari, Italy.

b. Accepted:

1. Extent of sensitivity of single photon production to parton distribution functions*.

S. De, arXiv: 1305.0624, To appear in Pramana, Journal of Physics.

3. Centrality dependence of nuclear modification factor at RHIC and LHC.S. De and D. K.
Srivastava, To appear in the proceedings of QGP meet-2012, 3-6 July, VECC, Kolkata.

N

c. Communicated:

1. Jet-Triggered Back-scattering Photons for Quark Gluon Plasma Tomography. S. De, R. J.
Fries, and D. K. Srivastava, arXiv: 1402.1568.
(*) These works are not included in the thesis.
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Title : Pattern Formation in Complex Systems
Abstract

This thesis is a study of emergent spatiotemporal patterns in an extended system of interactive
dynamical elements, under varying nodal dynamics and coupling architectures. In here, we have
incorporated a range of complexity, in both nodal dynamics and connections and studied their
role on the emergent spatiotemporal behavior of the extended system.

We have addressed the effect of various complexity classes on spatiotemporal dynamics of an
extended system using the framework of coupled maps and coupled oscillators. There are five
main problems which have been addressed in each of the main Chapters in the thesis:

(i) The role played by positive and negative links on spatiotemporal regularity of a random
weighted neuronal network: we have found regularity in this network when the connections
weights are predominantly positive or negative. However, for balanced connections we observed
spatiotemporal chaos in the network.

(i1) Effect of coupling heterogeneity on the formation of clusters in a coupled neuronal lattice:

91



Academic Report 201415

el AT

we found that not only the coupling heterogeneity but also a particular type of coupling
architecture is needed for a particular pattern.

(iii) How does the synchrony of a subpopulation depends on inter/intra-group connection
weights, relative size of the groups and their intrinsic dynamical behavior in a coupled neuronal
population through group interaction? We observed that, synchronization is crucially dependent
on the relative sizes of the interacting sub-populations.

(iv) Effect of parametric heterogeneity present at the nodal level and the random connections
in a coupled neuronal population on the temporal regularity of spikes events: we found that
largest coherence in the spike events for this network emerge when the coupling strength is
large, and the underlying connections are mostly random and dynamically changing.

(v) Effect of delayed connection and boundary condition on spatiotemporal patterns in an
array of chemical oscillators: we observed that spatiotemporal patterns are dependent on the
boundary conditions. Also, the phenomena of oscillation death is only observed in non-delayed
case whereas anti-phase patterns are only observed in delayed case.

Publications

1. Imbalance of positive and negative links induces regularity. N. K. Kamal, S. Sinha. Chaos,
Solitons & Fractals, 44, 71 (2011).

2. Pattern formation in arrays of chemical oscillators. N. K. Kamal. Pramana, 78, 705 (2012);

3. Cluster formation in populations of coupled chaotic neurons. N. K. Kamal, S. Sinha. EPJ-ST,
222,905 (2013).

4. Emergent patterns in coupled neuronal population with different sizes and types. N. K. Kamal,
Sinha.

5. nterplay of diversity and random connection on coupled neuronal populations. N. K. Kamal, S.
Sinha.
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Constituent Institute : Indira Gandhi Centre for Atomic Research, Kalpakkam
Title : Synthesis and Characterization of Magnetic

Nanoparticles with Enhanced Thermal Stability
Abstract

Superparamagnetic ferrite nanoparticles and their dispersions have been a topic of intense
research for the last few decades because of their practical applications. Irrespective of the
advances in this field, preparation of magnetic nanomaterials with high thermal stability and
desirable saturation magnetization still remains as a challenge. Further, for effective utilization of
ferrite nanoparticles for practical applications, control on polydispersity, purity and
magnetization are necessary. Due to ferrimagnetic to antiferromagnetic phase transition of Fe;0,
nanoparticles, the applications of these nanoparticles are limited to ~ 500 °C. The major
objectives of the present study was to develop methodologies to enhance the high temperature
phase stability of magnetite nanoparticles, to obtain insight into the effect of cation doping on
thermal stability and magnetic properties of magnetite nanoparticles and to study the effect of
reaction temperatures on high temperature phase stability of magnetite nanoparticles.

It has been found that the thermal stability of Fe304 nanoparticles can be dramatically enhanced
by doping it with a low concentration of Co, Zn and Na. Under air atmosphere, the maghemite to
hematite phase transition is enhanced by 100 °C with 0.1 fraction of Co. The enthalpy change
during the y-Fe,0; to a-Fe,03 phase transition decreases from 90 to 17 J/g as the Co fraction is
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increased from 0 to 0.6, which indicates that the degree of conversion from maghemite to
hematite decreases with the Co content. Under air atmosphere, the magnetic phase (y-Fe,0s) is
retained till 656 °C with 0.6 fraction of Zn doping. The saturation magnetization increases from 61
to 69 emu/g when doped with 0.2 fraction of Zn.

The Na doping in Fes0, nanoparticles confirms that y-Fe,0; to a-Fe,0; phase transition
temperature increases with Na+. The zeta potential results indicate that the Na+ ions are diffused
into the crystal lattice. In situ XRD study, under vacuum annealing, on Zn doped Fe;0, system
shows that 0.2 fraction of Zn doping can enhance the phase transformation temperature of Fe;0,
by ~300 °C. The spinel ferrite phase is found to be stable upto 1000 °C, when doped with 0.1
fraction of Co. Under vacuum annealing, no phase transition is observed up to 1000 °C in Fe;0,
nanoparticles doped with 500 ppm of Na.

Phase pure magnetite nanoparticles of size raging from 7-10 nm are prepared by varying the
reaction temperature from 50 to 200 °C, using microwave assisted method. The average particle
size obtained from SAXS is found to vary from 11 to 151 nm as the reaction temperature is
increased from 50 to 200 °C. The ferromagnetic y-Fe,0; to antiferromagnetic a- Fe203 phase
transition temperature is found to increase by 154 °C in the sample prepared at 200 °C, which is
attributed to the diffusion of Na+ within the cubic lattice during synthesis.

Microwave assisted synthesis method has been successfully used to prepare Mn,Zn,. ,Fe,0,
nanoparticles. The Curie point was found to increase linearly from 148 to 390 K as the Mn
fraction is increased from 0.1 to 0.55. The results showed that by varying the relative fraction of
Mn and Zn in ferrite structure, the particle size, lattice parameter, Curie temperature and the
magnetic properties of Mn-Zn ferrites can be tuned.

Publications

Publications

1. “High temperature phase transformation studies in magnetite nanoparticles doped with Co
ion”, S. S. Pati, S. Gopinath, G. Panneerselvam, M. P. Antony and J. Philip, J. Appl. Phys., 2012,
112, 054320.

2. “Afacile approach to enhance the high temperature stability of magnetite nanoparticles with
improved magnetic property”, S. S. Pati and J. Philip, J. Appl. Phys., 2013, 113, 044314,

3. “A simple approach to produce stable ferrofluids without surfactants and with high
temperature stability”, S. S. Pati, V. Mahendran and J. Philip, J. Nanofluids, 2013, 2, 94-103.

4. “Effect of Cation Trapping on Thermal Stability of Fe;0, Nanoparticles”, S. S. Pati and J.
Philip,mJ. Nanosci. Nanotechnol., 2014, 13,4114-23.

Accepted

5. “Microwave Assisted Synthesis of Magnetite Nanoparticles”, S. S. Pati, S. Kalyani, V.
Mahendran and John Philip, J. Nanosci. Nanotechnol. 2014 (In press).

Communicated

6. “Synthesis of Mn,Zn,,Fe,0, Nanoparticles with Tunable Curie Temperature using Microwave
Assisted Method”, S. S. Pati, S. Kalyani, V. Mahendran and J. Philip (Under review).

CONFERENCES & WORKSHOPS

1. Two days workshop on electron microscopy held at Indira Gandhi Centre for Atomic Research
(IGCAR), Kalpakkam, Oct 12-13 (2009).

2. Conference on chemistry in societal and environmental needs held at Central Leather

Research Institute, Chennai, Aug 29-31(2011).
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3. S. S. Pati and John Philip, “Enhancement in maghemite to hematite phase transition
temperature with very low fraction of Co (ll) doping”, International Conference on
Nanoscience Engineering and Technology (ICONSET), Sathyabhama University, Chennai Nov

28-30(2011), pp 323-325.
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Title : Studies on Narrow Bandwidth High Repetition Rate Dye
Laser

Abstract

Spectral stability a narrow bandwidth high repetition rate dye laser has been a major area of
research work over the years. With this in view, crucial factors such as dye cell geometries and
dye gain medium flow, which influence the spectral characteristics of copper vapour laser (CVL)
pumped Rhodamine 6G (Rh6G) dye laser, are investigated for the thesis work. Overall, the thesis
focuses spectral stability of high repetition rate dye laser and in particular, studies on dye cells,
dye laser gain medium flow, diagnostics techniques, pulsed dye laser resonator and other related
thermo-optic issues. For these purposes, new dye cells of different geometries such as curved,
pinched, convex-plano were designed and fabricated. The velocity profiles through the pinched
and convex-plano geometries were numerically analyzed, using computational fluid dynamics. A
special dye circulation and cooling system was designed, fabricated and incorporated into high
repetition rate dye laser system. A novel diagnostic technique for a large number of data
acquisition, presentation, and its precise measurements were formulated and effectively
executed to explore the dye laser spectral characteristics, over a period of time. The dispersion
theory for narrow bandwidth pulsed dye laser analyzed theoretically and numerically. The dye
laser resonator was investigated for maximum optical power extraction. Single mode operation
of dye laser was experimentally demonstrated. The dye laser spectral stability was investigated
using the dye cells developed. The dye laser gain medium thermal and flow characteristics as a
function of Reynolds number were investigated. The dye laser spectral fluctuations as a function
of Reynolds number were investigated. The dye fluorescence fluctuations in stationary as well as
in the flowing media have been experimentally investigated. The dye laser thermo-optical
properties have been investigated.

The above and other related works have been published in various peered reviewed journals.
Publications
Journal

1. “A study of flow characteristics of a high repetition rate dye laser gain medium”, Nageshwar
Singh, Abhay Kumar and H. S. Vora, Laser Physics, 2014, Vol.24, 025004-6

2. Studies on gain medium inhomogeneity and spectral fluctuations coupled with high
repetition rate dye laser”, Nageshwar Singh, Abhay Kumar and H. S. Vora, Laser Physics,
2013, Vol.23,125003-6

3. “Spectral fluctuations of a high repetition rate dye laser through a flowing gain medium”,
Nageshwar Singh and H. S. Vora, Laser Physics,2013, Vol.23, 085008-7

4. “Spectral intensity variation by the correlation function of refractive index fluctuations of the
liguid medium”, Nageshwar Singh, International Journal of Optics, 2013, Vol.2013, 525142-7

5. “High repetition rate dye laser spectral fluctuations through dye cells”, Nageshwar Singh and
H. S. Vora, Optik: International Journal for Light and Electron Optics, 2013, Vol.124, 7027-
7031
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6. “Studies on thermo-optic characteristics of a high repetition rate dye laser”, Nageshwar
Singh, R. Jain, S. K. Dixit and H. S. Vora, Optics & Laser Technology, 2013, Vol.48, 309-314

7. “Fluorescence fluctuation of Rhodamine 6G dye for high repetition rate laser excitation”,
Nageshwar Singh, H. K. Patel, S. K. Dixit and H. S. Vora, Journal of Luminescence, 2013,
Vol.134, 607-613

8. “Study of a new dye cell for a high repetition rate dye laser”, Nageshwar Singh, H. K. Patel
and H. S. Vora, Optics & Laser Technology, 2013, Vol.45, 256-261

9. “On the coherence measurement of a narrow bandwidth dye laser”, Nageshwar Singh and
H. S. Vora, Applied Physics B , 2013, Vol.110, 5283-3

10. “Design, modelling and performance evaluation of a novel dye cell for a high repetition rate
dye laser”, Nageshwar Singh, H. K. Patel, S. K. Dixit and H. S. Vora, Review of Scientific
Instruments, 2012, Vol.83, 105114-8

11. “On the microstructure of thermal and fluid flow field in a lasing medium of a high repetition
rate dye laser”, Nageshwar Singh, Optik: International Journal for Light and Electron Optics,
2010, Vol.121, 1642-1648

12. “Analysis of the spectral variation of a dye laser by gain medium inhomogeneity”,
Nageshwar Singh, Optics & Laser Technology 2010, Vol.42, 225-229

13. “Study of the influence of the input electric power on the spectral width of the 510.6 nm line
of an atomic copper vapor laser”, Nageshwar Singh and H. S. Vora, Optics & Laser
Technology, 2010, Vol.42, 866-872

14. “Composite (stacked) picture generation technique for spectral profile representation of dye
laser”, H. S. Vora and Nageshwar Singh, Optics Communication, 2009, Vol.282, 4259-4264

15. “Influence of buffer gas pressure on the spectral width of 510.6 nm line of an atomic copper
vapor laser”, Nageshwar Singh and H. S. Vora, Optical Engineering, 2009, Vol.48, 094201-
094207

16. “On the hyperfine spectral lines of an atomic copper vapor laser”, Nageshwar Singh and H. S.
Vora, Optics Communication, 2009, Vol.182, 1393-1398

Other publications relevant to the work

1. “Effect of liquid flow on spectral properties of a dye laser pumped a copper vapor laser”,
Nageshwar Singh, Optics Journal, 2008, Vol.2, 2-6
2. “The spectral measurement of a high repetition rate tunable dye laser output using Fabry-
Perot fringe”, Nageshwar Singh and H. S. Vora, Optics & Laser Technology, 2007, Vol.39,
733-737
3.  “Influence of the medium on the fluorescence of copper vapor laser pumped rhodamine 6G
dye: introduction, experimental details and stationary case”, N. Sharma, Nageshwar Singh,
H. S. Vora and S. Goyal, Optics Journal , 2007, Vol.1, 13-17
4. “Influence of the medium on the fluorescence of copper vapor laser pumped rhodamine 6G
dye: dynamic case”, N. Sharma, Nageshwar Singh, H. S. Vora and S. Goyal, Optics Journal ,
2007, Vol.1, 18-22
5. “Comparison of the performance of a near 360° curved and a straight channel dye cell for
high repetition rate copper vapor laser pumped dye laser”, Nageshwar Singh, Journal of
Physics D: Applied Physics, 2006, Vol.39, 2084-2089
6. “Influence of optical in-homogeneity in the gain medium on the bandwidth of a high
repetition rate dye laser pumped by copper vapor laser”, Nageshwar Singh, Optical
Engineering, 2006, Vol.45, 104204-104208
7. “Single mode operation of a narrow bandwidth dye laser in single prism grazing incidence
grating cavity”, Nageshwar Singh, Optics & Laser Technology, 2006, Vol.39, 1140-1143
8. “On the stability of the output characteristics of a grazing incidence grating dye laser
transversely pumped by a copper vapor laser”, Nageshwar Singh and H. S. Vora, Applied
Physics B, 2006, Vol.82, 71-74
9. “Design of a transversely pumped, high repetition rate, narrow bandwidth dye laser with
high wavelength stability”, R. Bhatnagar, Nageshwar Singh, R. Chaube and H. S. Vora, Review
of Scientific Instruments, 2004, Vol.75, 5126-5130
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Title : MicrorRNA Profile of Medulloblastomas
Abstract

Medulloblastoma, a tumor of the cerebellum, is the most common malignant pediatric brain
tumor. It is thought to arise from deregulated nervous system development. MicroRNAs
(miRNAs) are a class of non-coding RNA molecules that act as post-transcriptional regulators of
gene expression. MiRNAs have been reported to play a critical role in cell proliferation,
differentiation, stem cell maintenance and development. Altered miRNA expression has been
reported in various cancers. Therefore, in order to gain a better understanding of
medulloblastoma biology, miRNA profiling of medulloblastomas was carried out.

Medulloblastomas have recently been shown to comprise of 4 molecular subgroups viz. WNT,
SHH, Group 3 and Group 4. MiRNA profiling revealed differential miRNA expression in these 4
molecular subgroups with the WNT subgroup having the most distinctive miRNA profile. The
differential expression of 11 miRNAs across the 4 subgroups was validated in a total of 101
medulloblastomas by real time RT-PCR, which also confirmed the distinctive WNT subgroup
miRNA profile. Functional role of 3 WNT subgroup specific miRNAs in medulloblastoma cell
behavior was investigated wherein, miR-193a-3p was found to reduce proliferation, anchorage-
independent growth and increase radiation sensitivity of medulloblastoma cells, indicating its
therapeutic potential in the treatment of non-WNT medulloblastomas. A Real time PCR based
assay for molecular classification of medulloblastomas using 12 protein-coding genes and 9
miRNAs was developed and validated on an independent cohort from DKFZ, Germany with
known subgroup affiliation. This assay with an accuracy of 97 % could reliably classify formalin-
fixed, paraffin-embedded medulloblastoma and has the potential to serve as a simple, rapid and
cost-effective method in routine clinical diagnosis. Correlation of the miRNA profile data with
clinical characteristics identified miR-592 and miR-182 as indicators of better and poorer survival
respectively in case of non-WNT, non-SHH medulloblastomas. Since the assay includes oncogenes
like MYC, MYCN as well as miRNAs like miR-592 and miR-182, it is also useful for risk stratification
within the 4 subgroups. This is the first comprehensive study on medulloblastomas from the
Indian subcontinent. Although the demographic profile of the Indian cohort was similar to that
reported for the tumors from the American and European subcontinent, notable differences
were seen. The Indian cohort showed a two-fold higher incidence of WNT subgroup tumors,
absence of adult patients and high male: female ratio of 9:1 in Group 4 medulloblastomas.

Overall, the study not only demonstrated miRNAs as biomarkers for molecular classification and
risk stratification of medulloblastoma but also indicated their role in pathogenesis and their
therapeutic potential.

Publications

1. “Real-time PCR assay based on the differential expression of microRNAs and
protein-coding genes for molecular classification of formalin-fixed paraffin
embedded medulloblastomas.” Kunder R, Jalali R, Sridhar E, Moiyadi A, Goel N,
Goel A, Gupta T, Krishnatry R, Kannan S, Kurkure P, Deopujari C, Shetty P, Biyani
N, Korshunov A, Pfister SM, Northcott PA, Shirsat NV. Neuro Oncol., 2013 Dec;
15(12):1644-51.

2. “Distinctive microRNA signature of medulloblastomas associated with the WNT
signaling pathway.” Gokhale A, Kunder R, Goel A, Sarin R, Moiyadi A, Shenoy A,
Mamidipally C, Noronha S, Kannan S, Shirsat NV. J Cancer Res Ther., 2010 Oct-Dec;
6(4):521-9.
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1. “Detailed demographic profile of molecular subtypes of Indian medulloblastoma
patients.” Rahul krishnatry, Neelam Shirsat, Ratika Kunder, Sridhar Epari, Tejpal
Gupta, Purna Kurkure, Tushar Vora, B. Arora, Alisagar Moiyadi, Rakesh Jalali. 15th
International Symposium on Pediatric Neuro- Oncology, June 24-27 2012 Toronto,
Ontario, Canada. Neuro Oncol. 2012; 14(suppl 1):i43-48.

2.  “Outcome analysis based on clinico-pathologic factors and molecular sub-grouping in
Indian patients with medulloblastoma treated on prospective clinical trials.” Tejpal
Gupta, Rahul Krishnatry, Neelam Shirsat, Sridhar Epari, Ratika Kunder, Purna Kurkure,
Tushar Vora, Aliasgar Moiyadi and Rakesh Jalali. 15th International Symposium on
Pediatric Neuro-Oncology, June 24-27 2012 Toronto, Ontario, Canada. Neuro Oncol.
2012; 14 (suppl 1):i82-i105.
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Title : On the Use of Silicon Microcantilevers for Mass

Detection and Adsorption of Water Molecules

Abstract

Present thesis deals with two important aspects of microcantilever (MC) based sensors. In the
first part, methods to enhance the MC mass sensitivity are studied. Working at higher modes
and reducing the dimensions of MC are compared. Resonance frequency of MC is measured
using the laser photo diode arrangement of an Atomic Force Microscopy (AFM) head and Nano
Vibration Analyzer (NVA). Micro-Raman spectroscopy was used to estimate the residual stress in
MCs. Finite Element Modeling (FEM) analysis was extensively used to identify and assign the
mode shapes of MC, obtained experimentally. A precise dip coating setup is indigenously
developed to add polymer mass on MCs. It is shown that mass sensitivity increases linearly with
increase of eigenvalue (A,?) and decreasing dimensions (T/L?) where T is thickness and L is length
of MC. Using FEM simulations, mass sensitivities for various nanostructures like nanobelt,
nanowire and nanotube which can be attached to a conventional MC are studied. Factors
affecting the dynamic range of cantilever based mass sensors are discussed. Polymer (PAAM and
PVP) coated MCs are also explored for gamma radiation dosimeter application.

In the second part of the thesis, resonance frequency shift upon adsorption of water molecules in
MCs with reducing dimensions are investigated. AFM head placed inside an air tight chamber,
purged with dry/wet N, is used for these studies. Experimental evidence has been presented to
show that the effect of dimensions of MC leads to negative or positive frequency shift during
adsorption, clearly depicting the competition between mass loading and stiffness changes. The
relative change in stiffness of MC is seen to increase linearly with the surface stress scaled with
cube of width to height ratio of MCs, confirming the dimensional dependence of adsorption
induced stiffness change. Adsorption and desorption kinetics of water molecules on MC surface
are studied. Apart from this, various possible mechanisms responsible for deflection of uncoated
Si MC when exposed to water molecules is discussed. It is shown that the bending is a
consequence of difference in surface roughness on front and back side of uncoated MCs. The
results are explained in terms of the large number of “stress concentrators” on the back side
compared to front side of MC in accordance with the recent theoretical models. Finally it is
demonstrated that uncoated MCs can be effectively used as a humidity sensor both in static and
dynamic mode.

97



Academic Report 201415

Publications

a. Journal Publications

1. K.Lakshmoji, K.Prabakar, A.Kumar, J.Brijitta, J.Jayapandian, B.V.R.Tata, A.K.Tyagi and
C.S.Sundar, Microcantilever-based mass sensors:working at higher modes against reducing
the dimensions, Micro & Nano Letters, Vol.7, Iss.7, pp. 613-616, 2012.

2. K.Lakshmoji, K.Prabakar, Atul Kumar, J.Jayapandian and A.K.Tyagi, Enhancing the mass
sensitivity of nanocantilever, International Journal of Nanoscience, Vo.11, No.1, 1250002,
2012.

3. K.Lakshmoji, K.Prabakar, R. Mythili, J.Jayapandian, Effect of UV light on the bending
properties of piezoresistive microcantilevers, Proceedings of “International Conference on
Nanoscience, Engineering and Technology (ICONSET 2011)” held at Sathyabama University,
Chennai, IEEE Conf. series (December, 2011) 518 - 519.

4. K.Lakshmoiji, K. Prabakar, S. Tripura Sundari, J. Jayapandian, A.K. Tyagi and C.S. Sundar, Origin
of bending in uncoated microcantilever-Surface topography?, Appl. Phys. Lett., 104, 041602,
2014.

5. K.Lakshmoiji, K.Prabakar, S. Tripura sundari, J.Jayapandian and C.S.Sundar, Effect of surface
stress on microcantilever resonance frequency during water adsorption: influence of
microcantilever dimensions (Ultramicroscopy, Accepted)
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Title : Histone, Chromatin Structure and their Role in DNA

Repair During Carcinogenesis
Abstract

Chromatin acts as a natural barrier in DNA-damage recognition, repair and recovery. Histone and
their variants undergo differential post-translational modification(s) and regulate chromatin
structure to facilitate DNA damage response (DDR). Also, these histone marks are known to alter
during cell cycle to maintain distinct chromatin states in specific phases of cell cycle. Therefore,
cell cycle phase specific histone marks may be the key determinants for differential response of
ionizing radiation in different phase of cell cycle. The aim of the present study is to investigate
cell cycle phase specific alteration of histone marks and associated proteins in response to DNA
damage.

In this study we have unravelled alteration in H3Serine1l0 phosphorylation (H3S10P) in response
to ionization radiation (IR) induced DNA damage during cell cycle. Our data shows that H3S10P
decreases specifically from irradiated G1-enriched cells in ‘prime-repair’ phase with restoration in
‘recovery’ phase of DDR, whereas H3S10P level remains unaltered in S, G2/M and pro-M phase
cells after DNA damage. The pattern of H3S10P shows an inverse correlation with yH2AX during
DNA damage response. Further, dephosphorylation of H3S10P is observed in multiple cell lines
from different tissue origins and various DNA damaging agents concluding H3S10P as a universal
G1-specific DNA damage responsive histone mark. The decrease in H3S10P in response to DNA
damage is predominantly from H3.3 variant, a major H3 variant in G1 phase of cell cycle.
Interestingly, our data report for the first time that de-phosphorylation of H3510 occurs from the
same mono-nucleosomes bearing yH2AX after DNA damage. The global chromatin compaction is
observed during repair phase with restoration of native chromatin structure in ‘recovery’ phase
of DDR. Collectively, our data identifies H3S10P as a first universal G1-phase specific DNA damage
responsive histone mark and is inversely correlated with yH2AX, a DNA damage responsive mark.
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The studies further unraveled regulation of H3S10P in response to IR-induced DNA damage in G1-
phase of cell cycle. The dynamic reversible reduction of H3S10P is mediated by opposing
activities of phosphatase, MKP1 and kinase, MSK1 of the MAP kinase pathway. MKP1, recruits to
chromatin in response to DNA damage that correlates with decreased H3S10P, whereas MKP1
gets released from chromatin during recovery of damaged DNA which correlates with restoration
of H3S10P level in G1 phase of cell cycle. The specific inhibitors against MKP1 and MSK1 confirms
the dynamic alteration and association of enzymes with chromatin that regulate histone mark,
H3S10P in response to DNA damage. Collectively, our data suggest that phosphorylation status of
H3S510 is an essential G1-DNA damage responsive histone mark along with yH2AX for maintaining
the nucleosomal architecture for efficient recognition, repair and recovery of DNA lesion.

Publications

1. Ajit K Sharma, Abhilasha Mansukh, Ashok Varma, Nikhil Gadewal and Sanjay Gupta
Molecular modeling of differentially phosphorylated Serine 10 and acetylated lysine 9/14 of
histone H3 regulates their interactions with 14-3-37, MSK1 and MKP1. Bioinformatics and
Biology Insights. 2013:7 271-288

2. Ajit K. Sharma, Tejkiran Sagwekar, Shafgat A. Khan, Saikat Bhattacharyya and Sanjay
Gupta* Dynamic alteration in H3 Serinel0 phosphorylation is G1-phase specific during
IR-induced DNA damage response in human cells (Under Review).

3. Ajit Kumar Sharma, Shafgat A Khan, Divya V Reddy, Tejkiran Sagwekar, Sanjay Gupta. MKP1
phosphatase mediate dephosphorylation of H3Serinel0P during ionization radiation induced
DNA damage response in G1 phase of cell cycle. (Under Review).

Other Publications:

1. Khare SP, Sharma A K, Deodhar KK, Gupta S .Overexpression of histone variant H2A.1 and
cellular transformation is related in N-nitrosodiethylamine-induced sequential
hepatocarcinogenesis. Exp Biol Med (Maywood), 2011; 236(1):30-5.

2. Rhea Mohan, Ajit K. Sharma, Sanjay Gupta, C. S. Ramaa. Design, synthesis, and biological
evaluation of novel 2, 4-thiazolidinedione derivatives as histone deacetylase inhibitors
targeting liver cancer cell line. Med. Chem. Research, March 2011, pp, 1-10.

3. Shafgat A Khan, Monica Tyagi, Ajit K Sharma, Savio G Barreto, Bhawna Sirohi, Mukta
Ramadwar, Shailesh V Shrikhande, Sanjay Gupta. B-actin expression in gastric cancer: cell
type specificity and correlation with clinicopathological parameters. World Journal of
Gastroenterology (In Press)
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Title : Dosimetric Characteristics of Borate Based

Thermoluminescent Materials
Abstract

Thermoluminescence (TL) dosimetry is a widely used means of radiation dosimetric
measurements, especially for personnel and environmental monitoring. The energy of the
ionizing radiation is absorbed by thermoluminescent materials and some part of the absorbed
energy is stored in defect centers (trapped electrons and holes, radicals, displaced ions). In
thermoluminescence dosimetry, the stored energy is released in the form of light by thermal
stimulation, with the amount of light proportional to the amount of absorbed radiation energy
(absorbed radiation dose).

Luminescent detectors of radiation should meet several requirements, such as low detection
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threshold or high sensitivity, the absence of information losses in time (low fading), the absence
of false-dose effects due to visible light and near ultraviolet radiation, a good linear dose
response over a wide range of measurements and human tissue equivalence. Recently borate
based phosphors are gaining more importance because of the ease of synthesis in bulk quantites,
simple glow curve structure, increased neutron and gamma sensitivity, near tissue equivalence in
some cases.

This thesis presents detailed dosimetric studies of borate based phosphors. Four borate based
phosphors, viz., lithium tetraborate, magnesium tetraborate, zinc metaborate and cadmium
tetraborate have been synthesized by solid state diffusion technique and their dosimetric
properties are characterized for its crystallographic and thermoluminescence properties. The
kinetic parameters of the TL glow curves (like trap depth, order of kinetics and frequency factor)
for all the above phosphors were also evaluated by different methods. In addition, an attempt
has been made for the first time to elucidate the mechanism of TL in each of the above
phosphors using electron paramagnetic resonance (EPR) studies. Further, the scope for the
future work is also discussed.

Publications
Journals

1. O. Annalakshmi, M.T. Jose and G. Amarendra, Dosimetric characteristics of manganese doped
lithium tetraborate - An improved TL phosphor, Radiation measurements, Vol -46, (2011),
669 - 675

2. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, B. Venkatraman and G. Amarendra, Kinetic
parameters of lithium tetraborate based TL materials, Journal of luminescence, Vol -141,
(2013), 60 - 66

3. O. Annalakshmi, M.T. Jose, U. Madhusoodanan, J. Subramanian, B. Venkatraman G.
Amarendra and A.B. Mandal, Thermoluminescence dosimetric characteristics of Thulium
doped ZnB,0, phosphor, Journal of Luminescence, Vol - 146, (2014), 295-301

4. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, B. Venkatraman and G. Amarendra, Synthesis
and thermoluminescence characterisation of MgB,0,:Gd,Li, Radiation Measurements, Vol -
59, (2013), 15-22

5. 0. Annalakshmi, M.T. Jose, B. Venkatraman and G. Amarendra, Synthesis and luminescence
characteristics of cadmium borate phosphors, Materials Research Bulletin, Vol - 50, (2014),
494-498

6. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, J. Sridevi, B. Venkatraman G. Amarendra and
A.B. Mandal, Radiation induced defect centers in manganese doped lithium tetraborate
phosphor, Radiation protection dosimetry, first published online April 17, 2014
do0i:10.1093/rpd/ncull6

7. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, J. Sridevi, B. Venkatraman G. Amarendra and
A.B. Mandal, TL mechanism in RE doped magnesium tetraborate phosphors, Radiation Effects
and Defects in Solids: Incorporating Plasma Science and Plasma Technology, DOI:
10.1080/10420150.2014.918128

8. 0. Annalakshmi, M.T. Jose, J. Sridevi, B. Venkatraman G. Amarendra and A.B. Mandal, Kinetic
parameters and TL mechanism in cadmium tetraborate phosphors, Journal of Luminescence,
Vol - 147, (2014), 284-289

Conferences

1. O. Annalakshmi, M.T. Jose. S.R. Anishia and G. Amarendra, Dosimetric studies on tissue
equivalent TL phosphor Li,B40,:Mn, Proceedings of NCLA -2009, Feb 18- 20, 2009, Kolkata

2. 0. Annalakshmi, S.R. Anishia and M.T. Jose, Luminescence studies in cadmium borate TL
phosphor, National conference on Luminescence and its applications on Feb 9-11, 2010 held
at Gandhigram Rural Institute, Gandhigram, Tamilnadu

3. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, B. Venkatraman and
G. Amarendra, Dosimetric properties of Zn(BO,),:Gd thermoluminescence phosphor,
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National Symposium on Radiation Physics (NSRP-19) during December 12 - 14, 2012 held at
Radisson Blu Resort Temple Bay, Mamallapuram.

4. 0. Annalakshmi, M.T. Jose, U. Madhusoodanan, B. Venkatraman and
G. Amarendra, Synthesis and thermoluminescence dosimetric characteristics of MgB,;0,:Gd,
National Conference on Luminescence and its Applications (NCLA- 13) during January 8 - 10,
2013 held at PES Institute of Technology, Bengaluru.
Publications in journals not included in the thesis

1. A. R. Lakshmanan, M. T. Jose, and O. Annalakshmi, High-sensitive CaSO,:Dy
thermoluminescent phosphor synthesis by co-precipitation technique, Radiat Prot Dosimetry
(2008) 132 (1): 42-50

2. S.R. Anishia, M.T. Jose, O. Annalakshmi, V. Ponnusamy and V. Ramasamy, Dosimetric
properties of rare earth doped LiCaBO; thermoluminescence phosphors, Journal of
luminescence, Vol -130, (2010), 1834-1840

3. S.R. Anishia, M.T. Jose, O. Annalakshmi, and V. Ramasamy,
Thermoluminescence properties of rare earth doped lithium magnesium borate phosphors,
Journal of luminescence, Vol -131, (2011), 2492 -2498

4. M.T. Jose, S.R. Anishia, O.Annalakshmi, V. Ramasamy, Determination of thermoluminescence
kinetic parameters of thulium doped lithium calcium borate, Journal of luminescence, Vol -
46 (2011), 1026 - 1032

5. 0. Annalakshmi, M. T. Jose, and U. Madhusoodanan, Synthesis and characterisation of
BaSO,:Eu thermoluminescence phosphor Radiat Prot Dosimetry (2012) 150 (2): 127-133

6. 0. Annalakshmi, Varghese Anto Chirayath, S. Hari Babu, M. T. Jose, G. Amarendra, Positron
lifetime studies of CaSO,:Dy thermoluminescence phosphors, Physica Status Solidi (C), Vol - 6,
(2009) 2516 - 2518
Publications in Conferences not included in thesis

1. S.R. Anishia, M.T. Jose, O. Annalakshmi, and V. Ponnusawmy, Dosimetric Characteristics of
LiCaBO3Thermoluminescence Phosphor, Proceeding of NCLA -2009, Feb 18- 20, 2009,
Kolkata

2. 0. Annalakshmi, M.T. Jose and G. Amarendra, Thermoluminescence and Photo luminescence
Studies on BaSO,4:Eu Phosphor, Proceeding of NCLA -2009, Feb 18- 20, 2009, Kolkata

3. S.R. Anishia, O. Annalakshmi and M.T Jose, Thermo luminescence properties of lithium
magnesium borate phosphor, National conference of Luminescence and its applications on
Feb 9-11, 2010 held at Gandhigram Rural Institute, Gandhigram, Tamilnadu
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Title : Structural Studies on Geometrically Frustrated Systems :

AIV204 and LiMn204 - Role of Temperature, Pressure
and Chemical Substitution

Abstract

Whenever a conflict arises between some fundamental interaction and the underlying lattice
geometry, a geometrical frustration is said to result. The effect of such a geometrical frustration
can be one of the following: finite entropy at zero Kelvin (degenerate ground state) or relieving
of the frustration through a structural transition. The B sub-lattice of a spinel system (AB,Q,, Fd-
3m) made of corner sharing tetrahedra (pyrochlore lattice) is inherently geometrically
frustrated. When this lattice is occupied by a multiple valent ion then there is charge frustration.
There are just five spinel systems known so far that show ordering of charges from frustration.
They are Fe3;0,4, LiMn,0,, Culr,S,;, AlV,0, and LiRh,0,. In the present study two of them namely
AlV,0, and LiMn,0, have been chosen and the role of pressure, temperature and B site
substitution with respect to ordering of charges is examined.
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From the study carried out in the present thesis, it is observed that the rhombohedral (charge
ordered) to cubic (frustrated) structural transition occurs between 763 K-773 K in the case of
AlV,0,. Pressure of about 20 GPa also destabilizes the ‘heptamer’ vanadium clusters formed due
to the bonding interaction of d,, orbitals. The electron energy loss spectroscopic measurements
point out a novel non-integral charge state on all vanadium ions in the charge ordered structure.
Instead of an external pressure internal pressure is altered by substituting Ru for Mn in LiMn,0,
Pristine LiMn,0, shows partial ordering of Mn charges around 290 K. For samples with Ru more
than 3.75%, low temperature resistance studies show absence of jump in the resistance
associated with structural transition to partially charge ordered phase. On the contrary, low
temperature diffraction experiments have shown that the structural transition does not vanish
but is suppressed till 5% substitution of Ru. Hence as pressure retains frustration in AlV,0,,
partial substitution for B sub-lattice too retains frustration down to 240 K. Further experiments
are proposed to understand the nature of orbital ordering in these systems.

Publications

1. Pressure-induced frustration in charge ordered spinel AlV,0,S. Kalavathi, Selva Vennila Raju,
Quentin Williams, P.Ch. Sahu, V. S. Sastry and H. K. Sahu Fast Track Communication: J. Phys.:
Condens. Matter 25 (2013) 292201

2. Synthesis, Characterization and Observation of Structural. Transformation in AIV,0,4 S.
Kalavathi, B. Thamilarasi, H. K. Sahu and V.S. Sastry AIP Conference Proceedings 1349 (2011)
1307

3. Valence state, hybridization and electronic band structure in the charge ordered AlV,0, S.
Kalavathi, S. Amirthapandian, Sharat Chandra, P. Ch. Sahu and H. K. Sahu J. Phys.: Condens.
Matter 26 (2014) 015601
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Title : Corrosion Behaviour of Materials for the Nuclear High

Level Waste Storage Application
Abstract

The main objective of the present investigation is to study the corrosion behaviour of new
materials proposed for nuclear high level waste (HLW) storage application. Corrosion studies
were carried out on three nickel based superalloys (Alloy 600, 690 and 693) in synthetic HLW
solution simulated with fission and corrosion product elements in 3 M HNO3 using
electrochemical techniques like potentiodynamic anodic polarization and electrochemical
impedance spectroscopy. A comparison was made on the corrosion resistance of the superalloys
under various conditions like as-received, solution-annealed, sensitized and laser surface melted
treatment. Pitting corrosion resistance and intergranular corrosion resistance of these materials
was also compared using the electrochemical techniques.

All the alloys, in the as-received and heat treated condition were found to possess good
corrosion resistance in simulated HLW. X-ray photoelectron spectroscopic studies showed that
the passive films formed on the Alloy 690 and Alloy 693 consists of a mixed oxide of Ni-Cr-Fe in
simulated HLW, whereas only oxides of Cr could be observed in Alloy 600.

Laser surface melting of the Ni alloys resulted in cellular microstructure without any precipitates.
These alloys found to possess same crystal structure (cubic) in both as-received as well as LSM
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condition. Laser surface melting resulted in the enhancement of corrosion resistance of the alloys
in simulated HLW compared to the as-received and solution-annelaed specimens; nevertheless,
no discernable difference could be observed between LSM Alloys 600, 690 and 693 in simulated
HLW.

The DL-EPR test was carried for all the heat treated and laser surface melted specimens in 0.5 M
H,SO, containing 0.0001 M KSCN. The LSM specimens showed very low DOS. Alloy 690 was found
to contain no reactivation peak, due to the high chromium concentration.

From the Huey test, Alloy 690 was found to possess excellent IGC resistance compared to Alloy
600 and Alloy 693, which could be attributed to the higher chromium and lower carbon content.
Studies were undertaken to evaluate the pitting corrosion resistance of the alloys in all conditions
(as-received, solution annealed, sensitized and laser surface melted) in 3 M HNO3 containing
various concentrations of chloride ions (500, 1000, 2000 and 3000 ppm) under aerated condition.
A decrease in pitting corrosion resistance with increased chloride ion concentration was
observed for all the alloys. The population of pits was also observed to increase with chloride ion
concentration. Alloy 690 was found to possess superior pitting corrosion resistance compared to
Alloy 693 and Alloy 600. The LSM specimens showed better pitting corrosion resistance in
compared to the as-received and SA specimens, due to the refinement of microstructure and
dissolution of precipitates, which are the initiation sites for pitting. Superior pitting corrosion
resistance was exhibited by LSM Alloy 690 when compared to Alloy 600 and 693.

Publications
Journal

1) “Corrosion behavior of Alloy 690 and Alloy 693 in simulated nuclear high level waste
medium”, Pradeep Kumar Samantaroy, Girija Suresh, Ranita Paul, U. Kamachi Mudali and
Baldev Raj, Journal of Nuclear Materials, 2011, 418, 27-37.

2) “Effect of heat treatment on corrosion behavior of Alloy 690 and Alloy 693 in simulated
nuclear high-level waste medium”, Pradeep Kumar Samantaroy, Girija Suresh and U.
Kamachi Mudali, Corrosion, 2012, 68, 046001-1-046001-13.

3) “Corrosion behavior of Alloy 600 in simulated nuclear high level waste medium”, Pradeep
Kumar Samantaroy, Girija Suresh, N. G. Krishna and U. Kamachi Mudali, Journal of Materials
Engineering and Performance, 2013, 22, 1041-1053.

4) “Corrosion enhancement of Ni base superalloys by laser surface melting”, Pradeep Kumar
Samantaroy, Girija Suresh, Rakesh Kaul and U. Kamachi Mudali, Surface Engineering, 2013,
29, 522-530.

5) “Effect of heat treatment on pitting corrosion resistance of nickel based superalloys in acidic
chloride medium”, Pradeep Kumar Samantaroy, Girija Suresh and U. Kamachi Mudali,
International Journal of Material Science, 2013, 3,170-178.

6) “Corrosion investigation of nickel base superalloys in simulated high level waste medium
using electrochemical impedance spectroscopy”, Pradeep Kumar Samantaroy, Girija Suresh
and U. Kamachi Mudali, (communicated).

7) “Intergranular corrosion behavior of nickel base superalloys”, Pradeep Kumar Samantaroy,
Girija Suresh, T. Nandakumar and U. Kamachi Mudali, (to be communicated).

Conference Proceedings & Presentations:

1) Pradeep Kumar Samantaroy, Girija Suresh, Ranita Paul and U. Kamachi Mudali, "Corrosion
resistance of Ni 690 and Ni 693 in simulated nuclear high level waste", edited by T.S.
Sudarshan, U. Kamachi Mudali and Baldev Raj, Surface Modification Technology, XXIII (2009),
pp. 353-360.

2) Pradeep Kumar Samantaroy, Girija Suresh and U. Kamachi Mudali, Effect of heat treatment
on corrosion behavior of Alloy 690 and Alloy 693 in simulated nuclear high level waste
medium, International Conference on Advanced Materials - 2011 (ICAM-2011), Coimbatore,
Dec. (2011).
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3) Pradeep Kumar Samantaroy, Girija Suresh and U. Kamachi Mudali, "Pitting corrosion
behavior of heat treated nickel base superalloys in acidic chloride medium", 16™ National
Congress on Corrosion Control (16™ NCCC), Kolkata, India, Aug. (2012).

4) Pradeep Kumar Samantaroy, Girija Suresh, Rakesh Kaul and U. Kamachi Mudali, "Corrosion
behavior of laser surface melted nickel base superalloys in simulated nuclear high level
waste medium", 16" Asian Pacific Corrosion Control Conference (16™ APCCC), Kaohsiung,
Taiwan, Oct. (2012).

5) Pradeep Kumar Samantaroy, Girija Suresh, U. Kamachi Mudali, "Studies on nickel base
superalloys for nuclear high level waste storage application", International Corrosion
Prevention Symposium for Research Scholars (CORSYM-2013), Chennai, India, 28 Feb-02 Mar
(2013).

Awards
1) 1 Prize for Oral Presentation: Pradeep Kumar Samantaroy, Girija Suresh and U. Kamachi
Mudali, "Pitting corrosion behavior of heat treated nickel base superalloys in acidic chloride
medium", 16" National Congress on Corrosion Control (16" NCCC), Kolkata, India, Aug.
(2012)
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Title : X-Ray Spectroscopic Studies of Plasma Produced by

Intense Laser Beams
Abstract

In this thesis work, a detailed x-ray spectroscopic study of the plasmas generated from
nanosecond, picosecond and femtosecond laser pulses has been carried out to investigate the
dynamics of x-ray emission. For carrying out the above x-ray spectroscopy work, the required x-
ray spectroscopes were made in-house. An x-ray crystal spectrograph was made for high
resolution measurements of the x-ray emission in the range of 1- 8 keV from the plasma.
Dispersion-less spectrograph based on the x-ray CCD camera operation in single photon counting
technique was designed, set up, characterized, and used in a variety of laser plasma experiment
described in the thesis. It has been shown that x-ray emission from the plasma depends on the
ionization equilibrium linked with the laser pulse duration. Next, a comparative study of the keV
x-ray emission from gold-copper mix-Z targets of different atomic compositions has been carried
out. The keV x-ray yield was observed to decrease even for a small fraction of gold in the mix—Z
target.The results have been explained in terms of the enhanced absorption due to free—bound
opacity, followed by down-conversion of the absorbed radiation. The x-ray emission from
plasmas produced by the interaction of 45 fs Ti:sapphire laser pulses has been investigatedto
understand the partition of energy between the thermal and non-thermal plasma.. The plasma
conditions prevalent during the emission of x-ray spectrum have been identified by comparing
the experimental spectra with the synthetic spectra generated using a spectroscopic code.

Next, tabletop, short-pulse laser-based 1-8 keV K-oo x-rays source has been developed and
characterized for the time resolved x-ray diffraction studies.The absolute yield of the K-a x-rays
was measured as a function of the laser pulse duration and irradiation intensity.The results of
optimal laser pulse duration for the maximization of K-o. x-ray intensity have been explained in
terms of efficient generation of optimal energy hot electrons due to trade-off between the
electron energy and re-absorption of the emitted radiation in coming out of the target. We
observed the spectral broadening K-oo x-ray line shape and it has been attributed to the
preformed plasma. A correlation of the spectral broadening K-awith the 2m and 3/2 ® emission
harmonic in the optical spectrum is observed which can serve as a diagnostics for preformed
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plasma. The source was utilized for studying the time resolved x-ray diffraction from a laser
shocked silicon crystal with K-ax-ray probe. The dynamics of the strain propagation has been
inferred by monitoring the evolution of the rocking curve width of the shocked sample at
different time delays between the pump and the probe pulse.

Publications

A.Papers in refereed Journals :

1) Effect of gold on keV x-ray emission yield from laser produced plasma of gold copper
mix-Z targets
V.Arora, J.A.Chakera, P.A.Naik, N.K.Gupta, S.R.Kumbhare, and P.D.Gupta
J. Appl. Phys. 100, 033306 (2006)

2) Study of 2 w and 3/2w harmonics in ultra-short high-intensity laser plasma interaction
V.Arora, P.A. Naik, J.A. Chakera, R.A. Khan, and P.D. Gupta
Pramana J. Phys. 75, 1175 (2010)

3) Conversion efficiency and spectral broadening of the K-a line emitted from planar titanium
targets irradiated with ultra-short laser pulses of high intensity.
V.Arora, H. Singhal, P.A. Naik, and P.D. Gupta
J. Appl. Phys.110, 083305 (2011)

4) Strain and mosaic deformation in laser irradiated silicon.
M. Gupta, V.Arora, S. Bagchi, A. Gupta, J.A.Chakera, P.A.Naik, P.Chaddah, and P.D.Gupta.
Am. Inst. Phys. Conf. Proc. 1447, 785 (2011)

5) A comparative study of the ionic keV x-ray line emission from plasma produced by
femtosecond, picosecond, and nanosecond duration laser pulses.
V.Arora, P. A. Naik, B. S. Rao, and P. D. Gupta
Pramana J. Phys.78, 227 (2012)

6) Laser induced shock studies at RRCAT, Indore.
P.A. Naik, V.Arora, S. Bagchi, Y.B.S.R. Prasad, S. Barnwal, and P.D. Gupta.
J. Physics: Conference Series 377,012052 (2012)

7) Dispersion-less spectrograph for absolute measurement of multi keV x-ray flux from
highintensity laser produced plasmas
V.Arora, H.S. Vora, J.A. Chakera, M. Tayyab, P.A. Naik and P.D. Gupta
J. Instrum. 8, 01010 (2013)

8)  Study of strain propagation in laser irradiated silicon crystal by time-resolved diffraction of
K-a x-ray probe of different photon energies.
V.Arora, S. Bagchi, M. Gupta, J. A. Chakera, A. Gupta, P. A. Naik, P. Chaddah, and P.D. Gupta
J. Appl. Phys. 114, 023302 (2013)

9) Bright 1-8 keV K-a x-ray source generated by high intensity femtosecond laser produced
plasma for time resolved x-ray diffraction studies.
V.Arora, P.A. Naik, J.A. Chakera, S. Bagchi, M. Tayyab, and P.D. Gupta
AIP Advances 4, 047106 (2014)

10) Spectral analysis of K-shell x-ray emission of magnesium plasma produced by ultra-short
high intensity laser pulse irradiation.
V. Arora, U. Chakravarty, M. P Singh, J.A. Chakera, P.A. Naik, and P.D. Gupta
Pramana J. Phys.82, 365 (2014)

B. Publications in National Conferences/ Symposia:
1) X-ray CCD camera based crystal spectrograph for x-ray spectroscopy of laser produced
plasmas

V.Arora, H. Singhal, P.A. Naik, U. Chakravarty, R.A .Khan, J.A. Chakera, R. Jain, H.S. Vora,
and P.D.Gupta.
DAE-BRNS National Laser Symposium, (NLS-2006) Indore, Dec. 2006.

2) Optimization of the K-a radiation produced by interaction of high intensity femtosecond
laser pulses with thick titanium foils.
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V.Arora, H. Singhal, P.A. Naik, S.R. Kumbhare, and P.D. Gupta
DAE-BRNS National Laser Symposium, (NLS-2007) Vadodara, Dec. 2007.

3) Optimization of the K-a radiation produced by interaction of high intensity femtosecond
laser pulses with thick titanium foils.
V.Arora, H. Singhal, P.A. Naik, S.R. Kumbhare, and P.D. Gupta.
DAE-BRNS National Laser Symposium, (NLS-2007) Vadodara, Dec. 2007.

4)  Spectral broadening of K-a x-ray line emission from high-intensity ultra-short laser pulse
irradiation of planar titanium targets.
V.Arora, H. Singhal, P.A. Naik, S.R. Kumbhare, and P.D. Gupta.
23" National Symposium on Plasma Science and Technology, Mumbai, Dec. 2008.

5)  X-ray radiation from the rear side of foil targets irradiated by ultra-short high intensity laser
pulses
V.Arora, P.A. Naik, J.A. Chakera, S.R. Kumbhare, M. Tayyab, and P.D. Gupta.
24™ National Symposium on Plasma Science & Technology, Hamirpur, Dec. 2009

6) Correlation of the K-a x-ray line shape with the 2m and 3/2 ® emission in ultra-short high
intensity laser plasma interaction.
V.Arora, P.A. Naik, J.A. Chakera, and P.D. Gupta.
International Symposium on Waves, Coherent Structures & Turbulence in Plasmas.
Institute for Plasma Research, Gandhinagar. 12-15 January, 2010.

7) Spectroscopic study of laser light specularly reflected from solid targets irradiated by ultra-
intense laser pulses.
V.Arora, P.A. Naik, J.A. Chakera, R.A. Ganeev, S.R. Kumbhare, and P.D. Gupta. DAE-BRNS
National Laser Symposium (NLS-19), Indore, Dec. 2010

8) Study of shock wave propagation in silicon crystal by picosecond time-resolved x-ray
diffraction.
V.Arora, S. Bagchi, R.A. Khan, M. Gupta, J. A. Chakera, A. Gupta, P. A. Naik, P. Chaddah, and
P. D. Gupta.
26" National Symposium on Plasma Science & Technology, Patna, Dec. 2011.

9) Study of strain propagation in laser irradiated silicon crystal by time-resolved diffraction of
K-a x-ray probe of different photon energies.
V.Arora, S. Bagchi, M. Gupta, J. A. Chakera, A. Gupta, P. A. Naik, P. Chaddah, and P. D
.Gupta.
DAE-BRNS National Laser Symposium (NLS-20), Chennai, Jan. 2012.
(Awarded best poster prize)
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Title : Fused & Bridged Expanded Porphyrins and Expanded

Calixphyrin : Structural Diversity and Receptor property
Abstract

Expanded porphyrins are macrocyclic compounds where pyrrole and / or heterocyclic rings are
connected through meso-carbon bridges and show enhanced chemical and physical properties
due to extended aromaticity. However, upon increasing the macrocycle size with more than six
heterocyclic rings leads to deviation from planarity, which is mainly due to the intrinsic
conformational distortion about meso positions. Suppression of the intrinsic twisting to figure
eight structures is the challenge in the meso-aryl expanded porphyrins. The main objective of this
thesis is to design a system which retains the planarity in solution and solid state; hence, one can
use it for NLO applications. First part of the thesis describes the synthesis of bridged 1, 21 and
fused 3, 42 expanded porphyrin systems.3 1 and 2 exhibit aromaticity with different nt electron
conjugation pathway. The fused derivatives 3 and 4 show protonation induced conformation
change. Second part of the thesis demonstrates the synthesis, spectral, structural
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characterization core-modified expanded calixphyrin (5)4 and their important properties such as;
Aggregation induced enhanced emission and anion receptor properties.

Publications

1. Core-Modified meso-Aryl Hexaphyrins with an Internal Thiophene Bridge: Structure,
Aromaticity, and Photodynamics Ganesan Karthik,Mahima Sneha, V. Prabhu Raja, Jong Min
Lim, Dongho Kim, A. Srinivasan, and Tavarekere K. Chandrashekar

2. Calix[2]thia[4]phyrin: An Expanded Calixphyrin with Aggregationinduced Enhanced Emission
and Anion Receptor PropertiesGanesan Karthik, Pallavee Vitti Krushna, A. Srinivasan, and
Tavarekere K. Chandrashekar

3. Conformational Change from a Twisted Figure-Eight to an Open-Extended Structure in
Doubly Fused 36p Core-Modified Octaphyrins Triggered by Protonation: Implication on
Photodynamics and Aromaticity Ganesan Karthik,Jong Min Lim, A. Srinivasan, C. H. Suresh,
Dongho Kim, and Tavarekere K. Chandrashekar

4. Photophysical properties of bridged core-modified hexaphyrins: conjugational perturbation
of thiophene bridges, Jong Min Lim, Karthik Ganesan, Young Mo Sung, Alagar Srinivasan,
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Abstract

Breast cancer is one of the common causes of death among women. Noting the growing number
of breast cancer cases across the world, | decided to explore structures of the functional domains
of the breast cancer gene product, BRCA1, specifically its BRCT domain. BRCT domains have long
been documented as protein-protein interaction modules. The BRCA1 BRCT domain is inferred to
be essential for BRCAL to perform tumor suppressor functions, as it is found to be mutated in
breast and ovarian cancers.

The protein-protein interactions are mediated through recognition, by BRCT domain, of a
continuous stretch of amino acids containing the consensus sequences of S-X-X-F motif, and
phosphorylated at one or two Ser residues. The singly phosphorylated binding partners are
NCoA2, Nup153, RNA binding domain and Abraxas. Each of these selected proteins has different
functions in association with the BRCT domain. Singly phosphorylated oligopeptides from these
proteins are selected for structural and interactions studies. In the case of Abraxas, a doubly
phosphorylated oligopeptide also is found to interact with the BRCA1 BRCT domain. The ITC
analysis of these binding partners showed different binding affinities with BRCA1 BRCT. The
crystal structures of BRCA1 BRCT complexed with NCoA2 and singly and doubly phosphorylated
Abraxas peptides have been determined, by using the molecular replacement method. The BRCT-
NCoA2 and BRCT-Abraxas singly phosphorylated peptide complex structures are determined at
1.7 A and 3.5 A resolution respectively. Crystallographic refinement of the structures revealed a
“two knob” binding of both the oligopeptides with the BRCA1 BRCT domain. The phosphorylated
Ser residue, pSer (0), is bound to N-terminal BRCT while Phe (+3) residue is inserted in the
hydrophobic cleft formed at the interface region between the two BRCT domains.
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The complex structure of BRCA1 BRCT with doubly phosphorylated Abraxas is determined at 3.8
A resolution. In this structure the doubly phosphorylated Ser binds majorly to the N-terminal
BRCT domain, with the pSer-404 rather than the expected pSer-406, occupying the phosphate
binding pocket of BRCT domain. The cancer-associated BRCA1 H1686Q mutant is expressed and
purified in a bacterial system. The CD and fluorescence spectroscopy analysis suggests that the
secondary and tertiary structures are slightly changed upon mutation. Most of the other
mutants, though expressed in bacterial system, but could not be purified in soluble forms. |,
therefore, performed a molecular modeling analysis. The in-silico models of mutants predict
alterations in the intramolecular hydrophobic interactions due to mis-sense mutations.
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Abstract

Dispersion fuels are in general used for research and test reactors around the world and often
termed as cold fuel. However there are reports available in the literature where its application in
power reactors is also categorized. The concept/idea of dispersion fuel in Nuclear Reactor is very
old. The examples of UO, dispersion in BeO matrix as the fuel elements for Daniels Pile
experiment in 1946 and dispersion of UO, in stainless steel matrix as initial fuel for the first
commercial power reactor licensed in United States in the year 1956 (e.g. Vallecitos Boiling
Water Reactor) reiterates the fact. However the major application of dispersion type fuel
elements remains for research and test reactors where HEU (High Enriched Uranium) based UAl,
compound is dispersed in aluminium matrix and clad with Al-alloy in plate type geometry around
the world. However during mid 70’s due to global concerns on proliferation the commerce in
HEU based fuel was discouraged and international stipulation for LEU (Low Enriched Uranium)
based fuel was formulated under RERTR (Reduced Enrichment for Research and Test Reactor)
programme. The programme has now been put under the umbrella of GTRI (Global Threat
Reduction Initiative) with broader objectives. The whole idea is to develop a fuel with higher
fissile atom density so that loss of fissile atom enrichment can be compensated without affecting
any major reactor core design.

In view of this and also keeping in line with the present International practice it was decided by
the Department to fabricate the fuel core of modified APSARA indigenously on LEU. Hence a
detailed fuel development activity with UsSi, and U-Mo alloy as dispersoid in aluminium is
included in the present study. These fuel compounds were prepared by an innovative powder
metallurgy route with succinct intragranular porosity. The other advantage of synthesizing the
compound/alloy by powder metallurgy route is getting a homogeneous product in single step
with lesser impurity pickup since the processing temperatures are lower as compared with the
melting casting route. Therefore for the synthesis of UsSi, compound the starting powders of
uranium and silicon were pressed together at high pressures (600 MPa) to induce plastic flow to
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ensure intimate contact between powder particles. A small exothermic reaction (AH = —39.37
kJ/mole at 750 °C) coupled with external heating was adequate to synthesize the compound.
However, the product was deliberately heated in steps (i.e. 950 °C & 1400 °C) to accomplish the
intended alloying reaction between uranium and silicon and also avoid any unalloyed phases. It
was necessary to avoid bulk liquid formation in the process leading to inhomogeneous product.
The product was finally heated at 1550 °C for 4 hours to complete the alloying to form the
congruent melting compound well below its liquidus by taking advantage of mushy zone (liquid
plus solid region shown in U-Si phase diagram).

However it is also understood that U;Si, dispersoid in aluminium matrix can at best give heavy
metal loading of 4.8 g/cm?® which is insufficient for core conversion of ultra high power compact
reactors. Hence another study on development and characterization of U-Mo alloy were carried
out so that heavy metal loading in fuel meat can be increased to 8 to 9 g/cm®. This study on U-Mo
alloy preparation by powder metallurgy route showed that 2, 5 and 10wt% Mo concentration in
uranium could be prepared with uranium and molybdenum metal powders as starting materials.
In addition to this the phase transformation study in U-Mo alloys was also carried out to study
the effect of temperature on the stability of cubic @-phase of uranium. The study is relevant from
the point of view that U-Mo alloy kernels are required to be coated by silicon by either CVD or
PVD technique which requires them to be heat treated at around 450 to 500 EC. It was also
observed that in case of U-Mo alloy particles dispersed in aluminium matrix, the chemical
interaction between fuel granule and matrix will result in enveloping of fuel dispersoid by an
intermediate phase. The interaction layer undergoes metamictization or becomes amorphous
under irradiation and result in breakaway swelling. Since the free volume of the amorphous
phase is highly compositional dependent therefore optimization of ‘Mo’ content in uranium to
retain cubic B-phase under furnace cooling condition was also studied.
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Abstract

We know that heavy ions colliding with relativistic energies may lead to the production of a very
dense and thermally equilibrated system of quarks and gluons in a very small volume of space
and for a very short time. Most of the contemporary works in this field is related to the studies of
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this unique state called quark gluon plasma. My Thesis work is primarily related to heavy quark
production in relativistic heavy ion collision and its evolution through quark gluon plasma.
Because of its large mass as compared to infrared cut-off limit in QCD, its production rate can be
controlled using perturbative techniques. Also we know that in heavy ion collision, heavy quarks
are produced in early and preequilibrium stage when the interacting quarks and gluons possess
large momenta. Some of the chapters in this thesis of my Ph.D. work deal with various heavy
quark production mechanisms those can be realized and studied in heavy ion collision. The
results show relative importance of these various mechanisms. Secondly heavy quark owing to its
thermalization time greater than the typical lifetime of quark gluon plasma, remain isolated from
bulk of the thermalized medium and hence it serves as a probe for the quark gluon plasma
medium. The properties of the medium can be studied using heavy quark as probe via its energy
loss and evolution of its properties while traveling through quark gluon plasma. Some of the
chapters in my thesis deal with the studies of energy loss mechanisms and calculation of
observables such as nuclear modification factor, Raa, azimuthal anisotropy, V,, and azimuthal
correlation, C(A?) for heavy quarks. Also calculations related to heavy quark evolution using
Boltzmann transport equation have been done and some transport coefficients and observables
like momentum broadening, and medium path length dependence of heavy quark collisional and
radiative energy loss have been calculated. Most of the results from the calculations done for this
thesis work have been compared with the available data from heavy ion experiments being done
at RHIC, BNL and LHC, CERN.
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Abstract

The statistical model has been often used to predict the distribution of evaporated particles from
the excited compound nucleus populated by the energetic collision and subsequently the fusion
of the target and the projectile. In statistical model, the particle emission probabilities are linked
with the corresponding available phase spaces, which in turn are crucially dependent on the
nuclear level density. An accurate determination of nuclear level density (NLD) and its
dependence on excitation energy, atomic mass and angular momentum, is required to predict
the cross-sections using statistical model. The dependence of level density on atomic mass and
excitation are fairly well established. However, information available about the angular
momentum dependence of level density is quite limited.

In the present thesis work, detailed experimental study of the angular momentum dependence
of nuclear level density for the heavy nuclei in the mass region (A ~ 170 - 200) has been made by
measuring the energy distribution of emitted neutrons in coincidence with y - ray multiplicity.
The compound systems **Tm, *®*Re and 2°'Tl have been populated at different excitations by the
reactions “He + '*Ho, *He + ®'Ta and “He + ®’Au respectively, using *“He beams of 28 - 40 MeV
energies from K130 cyclotron at VECC. Energy spectra of the evaporated neutrons have been
measured in coincidence with the y -rays of different multiplicities (folds) using liquid - scintillator
(BC501A) based neutron detectors through time of flight(TOF) technique and the y - multiplicity
was measured using a 50 element BaF, based low energy y - ray filter array. It has been observed
that the extracted level density parameter remained constant as angular momentum increases
for all three systems at all excitation energies used in the present work. This trend is different
from those observed in lighter systems, where NLD was found to be sensitive with the change in
angular momentum. This findings open up prospects of detailed studies both theoretical and
experimental on NLD over the whole mass range.

The present thesis is also devoted to the study on measurement and simulation of neutron
response function of above mentioned neutron detectors, developed in - house. Neutron and y -
ray pulse-height responses of the neutron detector were simulated using GEANT4 toolkit (
version 4.9.2) and compared with experimental data in the energy range 2 - 20 MeV. The
response functions of mono energetic neutrons of energies below 6 MeV have been extracted
from the experimentally measured neutron energy spectrum obtained from the **’Cf neutron
source, and for energies > 6 MeV have been taken from the literature.

It was found that, for neutron energies <7 MeV, the measured response functions are well
reproduced by GEANT4, but for energies >7MeV, GEANT4 could not predict the response
functions properly. The reasons for discrepancies between the experimental and the GEANT4
simulated responses are due to the incompleteness of the physics processes NeutronHP model
included in GEANT4 calculations. At higher neutron energies (E>8-10 MeV), higher order reaction
channels like 2C(n, a)°B* A 2 a + n, ’C(n, n') *C*3 a become very important and should be
properly taken into account.
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10. ”Study of light-particle evaporation spectra (n, p, a) in “He+ *>Nb reaction”: Pratap Roy, K.
Banerjee, S. Kundu, T. K. Rana, C. Bhattacharya, M. Gohil, G. Mukherjee, J. K. Meena, R. Pandey,
H. Pai, A. Dey, T.K. Ghosh, S. Mukhopadhyay, D. Pandit, S. Pal, S. R. Banerjee, and S.
Bhattacharya, Proc. of DAE- BRNS symposium on Nucl. Phys. Vol. 56, 540 (2011).

11. ”"Extraction of angular momentum gated nuclear level density parameter” : K. Banerjee, C.
Bhattacharya, M. Gohil, S. Kundu, T. K. Rana, G. Mukherjee, R. Pandey, H. Pai, Pratap Roy, T. K.
Ghosh, J. K. Meena, S.Mukhopadhyay, Pandit, S. Pal, S. R. Banerjee, and S. Bhattacharya, Proc. of
DAE- BRNS symposium on Nucl. Phys. Vol. 56, 594 (2011).

12. ”Angular momentum gated neutron evaporation studies”: K. Banerjee, S. Kundu, T. K. Rana, C.
Bhattacharya, G. Mukherjee, M.Gohil, J. K. Meena, R. Pandey, H. Pai, A. Dey, M. Biswas, S.
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Nanomaterials for Hydrogen Energy Applications
Abstract

The main objective of the thesis has been to design novel molecular systems and materials for
hydrogen energy applications using the available tools of computational chemistry. The studies
are focussed on three important aspects of the hydrogen energy, viz. Hydrogen generation, its
storage and effective usage in fuel cells. To generate hydrogen using the renewable solar energy
through the photocatalytic water splitting, an appropriate photocatalyst is important. Through
first principle studies, the thesis investigates s-triazine based graphitic carbon nitride and its non-
metal doped counter parts as the possible metal- free photocatalyst to generate hydrogen.
Hydrogen being light in weight, its storage with appropriate gravimetric and volumetric densities
to use it as fuel is challenging. Through computational studies, it is shown here that the simple
van der Waals surfaces are not capable of holding hydrogen efficiently and the presence of an
ionic site can improve the adsorption considerably. Alkali metal decorated carbon and boron
hydrides are explored as potential candidates for hydrogen adsorption and the stability of these
systems has been correlated to the concept of aromaticity. Role of the curvature present in
carbon nanomaterials towards alkali metal binding energy and hydrogen adsorption has been
studied. Porous carbon nitride fullerene CyN,4 has been shown to effectively bind with transition
metal atoms and the metal decorated systems were reported to adsorb molecular hydrogen.
Newly explored carbon allotropes, graphyne and graphdiyne were shown to be potential
candidates for energy storage and nanoelectronics. Substitutional doping with boron in metal
organic frameworks has been reported to improve the alkali metal binding as well as hydrogen
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adsorption characteristics. New super cubane based three-dimensional porous carbon allotropes
with different porosity were designed and their hydrogen adsorption characteristics were
explored. In designing materials for fuel cell applications, we have explored the new catalysts for
the oxygen reduction reaction, which is found to be the rate limiting step in fuel cell reaction.
Transition metal (Fe, Co and Ni) decorated graphyne materials as well as the silicene based
materials were shown to be effective catalyst for oxygen reduction reaction.
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1. Quantum chemical studies on hydrogen adsorption in carbon-based model systems: role of
charged surface and the electronic induction effect, Srinivasu, K.; Chandrakumar, K. R. S.;
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2. Nanoscale curvature-induced hydrogen adsorption in alkali metal doped carbon
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3. Computational investigation on hydrogen adsorption by alkali metal doped organic
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Title : On Certain Invariants of Random Digraphs and Uniform
Hypergraphs
Abstract

This thesis studies four problems on graphs using the Probabilistic Method. The first two are
finding the maximum size of an induced acyclic tournament and acyclic subgraph respectively, in
random directed graphs. The third one deals with finding the maximum size of an induced path,
cycle or tree, in a random graph, while the last one is about an improved lower bound on the
independence number of certain uniform hypergraphs.

Given a simple directed graph D = (V, A), let the size of the largest induced acyclic tournament be
denoted by mat(D). Let D G D(n,p) (with p = p(n)) be a random instance, obtained by choosing
each of the (n) possible undirected edges independently with probability 2p and then orienting
each chosen edge in one of two possible directions with probability 1/2. We show that for such a
random instance, mat(D) is asymptotically almost surely (a.a.s.) one of only 2 possible
consecutive values, given explicitly as a function of p and n. Sufficient conditions for mat(D) to be
1-point concentrated are given. As a consequence, it is deduced that mat(D) is 1-point
concentrated for all n belonging to a subset of positive integers of density 1 if p is independent of
n. It is also shown that there are functions p = p(n) for which mat(D) is provably not concentrated
in a single value. Thresholds (on p) are also established for the existence of induced acyclic
tournaments of size i which are sharp for i = i(n) » <x. Further, a polynomial time heuristic is
analysed and it is shown that produces a solution whose size is at least log, n + @(yTog, n). All of
these results also carry over (with some slight changes) to a related model which allows 2-cycles.

For the next problem, given a simple directed graph D = (V, A), let the size of the largest induced
acyclic subgraph (dag) of D be denoted by mas(D). Let D G D(n,p) be a random instance as in the
previous chapter. We obtain improved bounds on the range of concentration, upper and lower
bounds of mas(D). Our main result is that mas(D) > [2 log, np — Xj, where g = (1 — p)Y, X=1ifp
> n3*¢ (e > 0 is any constant), X = W/(In q) if p > C/n, and C, W are suitably large constants. This
improves the previously known lower bounds given by Spencer and Subramanian, where there is
an O(Inln np/ In g) term instead of X. We also obtain a slight improvement on the upper bound,
using an upper bound on the number of acyclic orientations of an undirected graph. We also
analyze a polynomial-time heuristic to find a large induced dag and show that it produces a
solution whose size is at least log, np + @(ydog, np). Our results also carry over to the related
model Dy(n,p).

The next problem deals with random undirected graphs. We study the concentration of the
largest induced paths, trees and cycles (holes) in the random graph model G (n,p), and prove a 2-
point concentration for the size of the largest induced path and hole, for all p > n”? In* n. As a
corollary, we obtain an improvement over a result of Erdos and Palka concerning the size of the
largest induced tree in a random graph.

In the last problem, we consider the independence number of K,-free graphs and linear k-uniform
hypergraphs in terms of the degree sequence, and obtain new lower bounds for them. This
answers some old questions raised by Caro and Tuza. Our proof technique is an extension of a
method of Caro and Wei, and we also give a new short proof of the main result of using this
approach. As byproducts, we also obtain some non-trivial identities involving binomial
coefficients, which may be of independent interest.
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1. Kunal Dutta, D. Mubayi, C. R. Subramanian: New lower bounds for the independence
number of sparse graphs and hypergraphs. SIAM Journal of Discrete Mathematics (2012)
26(3) 1134-1147.

2. Kunal Dutta, C. R. Subramanian: Induced acyclic tournaments in random digraphs: Sharp
concentration, thresholds and algorithms. Accepted in Discussiones Mathematicae Graph
Theory.

Conferences

1. Kunal Dutta, C. R. Subramanian: Largest Induced Acyclic Tournament in Random Digraphs: A
2-point concentration. Proceedings of LATIN 2010 (9th Latin American Theoretical
Informatics Symposium), Oaxaca, Mexico, April 2010.

2. Kunal Dutta, C. R. Subramanian: Induced acyclic subgraphs in random digraphs : Improved
bounds. Proceedings of AofA'10 (21st International Meeting on Probabilistic, Combinatorial
and Asymptotic Methods for the Analysis of Algorithms), Vienna, Austria, June 2010. K.
Dutta, C. R. Subramanian: On induced acyclic subgraphs in sparse random digraphs.
Proceedings of EuroComb'l1l (European Conference on Combinatorics, Graph Theory and
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Radionuclides from Aqueous Medium
Abstract

Safe management of radioactive waste with minimum impact to environment is emerging as one
of the major challenges in separation science. Advances in macromolecular chemistry such as
invention of dendritic polymers (dendrimers) are providing unprecedented opportunities to
develop effective separation processes for treatment of aqueous waste. Dendrimer
macromolecules are a new class of polymeric material with tree-like architecture having unique
properties such as high degree of branching unit, high density of surface functional groups and
narrow molecular weight distribution. Size, shape and reactivity of dendrimers are determined by
their generation and chemical composition. Studies on removal of radionuclides from aqueous
waste have been carried out by the following four indigenously synthesized compounds; (i)
Poly(amido)amine (PAMAM) dendrimer chelating agent by Dendrimer Assisted Ultrafiltration
(DAUF), (ii) PAMAM dendron grafted-styrene divinylbenzene (PAMAM-SDB) chelating resin by
adsorption, (iii) Diglycolamic acid functionalized-PAMAM dendron- styrene divinylbenzene (DGA-
PAMAM-SDB) chelating resin in both aqueous and nitric acid medium by adsorption and (iv)
Xanthate functionalized PAMAM dendrimer (XFPD) by precipitation.

Studies on ultrafiltration of U(VI) and Th(IV) through regenerated cellulose acetate membrane
reveal that about 76-97% of U(VI) and Th(IV) are removed at pH 5-7. Removal of U(VI) and Th(IV)
is due to adsorption/mass deposition of hydrolyzed actinide species on the membrane surface.
The water soluble PAMAM dendrimer chelating ligand has shown greater ability to bind with
U(VI) and Th(lV) metal ions. PAMAM dendrimer assisted ultrafiltration is effective in selectively
concentrating the actinides in the retentate at weakly acidic to neutral medium. Studies on the
adsorption of U(VI) and Th(IV) on PAMAMG;-SDB chelating resin reveals that adsorption capacity
of PAMAMG;-SDB is dependent on contact time, pH, initial concentration of U(VI) and Th(lV) and
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temperature. High decontamination factors were achieved for actinides by solid-phase
adsorption using PAMAM-SDB chelating resin. Kinetic study shows that the adsorption process is
fast and equilibrium is reached within 60 minutes. Adsorption follows pseudo-second order
kinetics and Langmuir isotherm model suggesting chemical adsorption. Adsorption capacity of
the chelating resin increases exponentially with increase in dendron generation. PAMAMG;-SDB
has adsorption capacity (g.) of 493 and 261.5 mg g™ for U(VI) and Th(IV) respectively. DGA-
PAMAM-SDB chaleting resin is effective in removal of U(VI) and Th(IV) from both aqueous and
nitric acidic medium. The adsorption capacity of DGA-PAMAMG;-SDB for U(VI) and Th(IV) are 682
and 544 mg g respectively. PAMAM dendrimer and dendron grafted-SDB chelating resins could
be regenerated at acidic pH (< 2) and reusable. Xanthate Functionalized PAMAM Dendrimer
(XFPD) ligand removes various metal ions from aqueous solution by precipitation at pH > 4.
Actinides (U & Th) are precipitated as metal hydroxides along with other metal ions during the
xanthate precipitation. Studies with radioactive liquid waste (RLW) show that percentage
removal of radionuclides are in the following order; Zr(IV) ~ Eu(m) ~ Co(ll) (> 99.8) > Ce(lll) (98.84)
> Sb(l11) (83.31) > Ru(lll) (79.44) > Mn(ll) (54.29) > Cs(l) (24.02). Hence, XFPD ligand possesses
potential applications in total decontamination of radioactive wastes. The overall objective of the
research described here is to develop dendrimer based chelating agents for treatment of
radioactive waste streams in nuclear facilities. The potential applications of dendrimer based
chelating agents for removal of actinides and other radionuclides from aqueous medium are
demonstrated in the thesis.

Publications

1. Removal of thorium from aqueous solution by adsorption using PAMAM dendron-
functionalized styrene divinyl benzene, P. llaiyaraja, Ashish Kumar Singha Deb, K. Siva
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Venkatraman, J. Hazard. Mater., 2013, 250- 251, 155- 166.

3. Removal of cobalt from aqueous solution by chemical precipitation using Xanthate
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Desalin. Water Treat. doi: 10.1080/19443994.2013.808454 (2013) 1-8.

4. Xanthate Functionalized Dendrimer Chelating Ligand for Decontamination of Radionuclides
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Trends in Separation Science and Technology (SESTEC), March 1-4, 2010, Kalpakkam, India.
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waste by xanthate functionalized dendrimer, Nuclear and Radiochemistry Symposium
(NUCAR), p. 497, February 22-26, 2011, Visakhapatnam, India.
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Mumbai, India.
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for removal of heavy metal ions from aqueous waste, Interdisciplinary Symposium on
Materials Chemistry (ISMC), P. 507, Dec.11-15, 2012, Mumbai, India.

7. P. llaiyaraja, Ashish Kumar Singha Deb, D. Ponraju, B. Venkatraman, Adsorption of thorium
form aqueous solution by PAMAM dendron grafted chelating resin, Nuclear and
Radiochemistry Symposium (NUCAR), p-409, Feb.19-23, 2013, Madhya Pradesh, India.
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Abstract

The thesis described the development of economical and environment friendly organosilicon
precursors and deposition of different morphological SiC on graphite, zircaloy and carbon
composite using different techniques to make composite materials suitable for use in nuclear
industry and other purposes.

The thesis is divided into six chapters. Chapter 1, described the relevant literature survey to
screen out non toxic, non corrosive and economical SiC precursors and different deposition
techniques for SiC deposition on various materials including carbon and other surfaces. Chapter 2
deals with the synthesis of potential precursors of SiC. The molecular precursors such as 2,4,6-
trimethyl-2,4,6-trisila-heptane, 2,4,6-trisilacyclohexane and a mixture of organosilicon
compounds (named as CVDP) were synthesized for CVD application. The process parameters
were optimized for bulk synthesis of CVDP precursor. In Chapter 3, coating studies were carried
out on nuclear important materials such as graphite / zircaloy substrate using synthesized CVDP
precursor and commercial available Hexamethyldisilane (HMDS). Both precursors yielded dense
SiC coating on graphite and zirconia substrate at low deposition temperature. The comparative
SiC deposition study on TRISO particles using commercial available precursors
Methyltrichlorosilane (MTS), HMDS and Tetramethylsilane (TMS) have shown that the non toxic
and non corrosive precursor HMDS can replace the corrosive and toxic MTS precursor. Further
Taguchi method has been used to optimize the parameters in CVD process for growth of SiC
nanowires. Chapter 4 deals with different sol-gel process for deriving SiC. Two step sol gel
process was used for generating SiC material using tetraethylorthosilicate and phenol
formaldehyde resin. A fabrication process has been developed to prepare SiC nanowire
embedded-dense SiC matrix/carbon fiber composite. Chapter 5 comprised of the studies on
thermal degradation behavior and kinetic of thermal decomposition of dense and nanowires
morphology coated carbon samples and SiC impregnated carbon composites. Chapter 6
summarized the thesis and future outlook of the present investigation.

Publications
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1. “Taguchi Method optimization of Parameters for growth of nano dimensional SiC wires by
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Chemical Vapor Deposition Technique”, Jyoti Prakash, Sunil Kumar Ghosh, D.
Sathiyamoorthy, R. Venugopalan, B. Paul, Current Nanoscience, 2012, 8, 161-169.

2. “Study of thermal degradation behavior of dense and nanostructured Silicon Carbide coated
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Sunil Kumar Ghosh, D. Sathiyamoorthy, Corrosion Science, 2013, 67, 142151.
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compounds”, Jyoti Prakash, Sunil Ghosh, Ramani Venugopalan, D. Sathiyamoorthy, AIP Conf.
Proc., 2013, 1538, 26-29.

4. “A new approach to fabricate SiC nanowire embedded-dense SiC matrix/carbon fiber
composite”, Jyoti Prakash, Kinshuk Dasgupta, B.M.Tripathi, J. Bahadur, Sunil Kumar Ghosh,
J.K.Chakravartty, Journal of Materials Science, 2014, 49, 6784-6792.
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D-13-02450 (Under Review).
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nanostructures”, Jyoti Prakash, Ramani Venugopalan, B. M. Tripathi, Sunil K. Ghosh, J.K.
Chakravartty, A. K. Tyagi, Progress in Materials Science, 2014 (Under Review).

7. “Role of SiC nanowire coating on oxidation behavior of carbon fiber: Kinetic and
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Review).
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2. “Microstructural analysis of silicon carbide coating on the carbon fibre”, Jyoti Prakash, Sunil
Ghosh, Ramani Venugopalan, D Sathiyamoorthy, Proceedings of International conference on
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Abstract

This thesis deals with mathematical objects known as planar algebras. These were introduced by
Vaughan Jones in order to study the so-called ‘standard invariant’ of a I*-subfactor and have
provided a powerful pictorial viewpoint with which to approach various computations in the
theory.

Planar algebras are, at their simplest, a collection of vector spaces along with a (large) family of
maps between their tensor products. The maps are indexed by pictures in the plane called planar
tangles and are postulated to be compatible with simple planar operations on the planar tangles.

A fundamental result of Jones in [5] may be considered as ensuring a plentiful supply of planar
algebras. According to this result, every finite index Il; subfactor N C M yields, in a natural way, a
planar algebra P = P"-". This planar algebra satisfies several niceness conditions, such as, for
instance, finite dimensionality of the vector spaces involved. Planar algebras arising from sub-
factors are called subfactor planar algebras and have an intrinsic definition, independent of
subfactors. It is these subfactor planar algebras that we will be interested in.

As in group theory, there is a notion of universal planar algebras akin to that of free groups and
any planar algebra is a quotient of a universal planar algebra. A universal planar algebra is
determined by just a set L (which is a graded set and referred to as a set of labels). By imposing
relations on a universal planar algebra we may obtain an arbitrary planar algebra. Such a
generator-relation approach to a particular planar algebra is called a skein theory for that planar
algebra. We will use the term in this thesis only when both generators and relations are finite
sets.

Among the subfactor planar algebras, the analytically trivial ones are said to be of finite depth.
These planar algebras are determined completely by a finite amount of data. Nevertheless they
are interesting enough to include several classes of well studied planar algebras such as those
associated to finite groups and subgroups or to finite-dimensional Kac algebras, the Temperley-
Lieb planar algebras, the ADE type planar algebras as well as some exotic planar algebras such as
the Haagerup and extended Haagerup planar algebras.

In each of these planar algebras, there has been work done to show that they have an interesting
skein theory. Some of the papers dealing with skein theories include [9] for group subfactors, [6]
for Kac algebra subfactors, [3] for higher exchange relation planar algebras, [1] for the ADE planar
algebras and [10] and [2] for the Haagerup type planar algebras. In all these papers, one of the
main points is an explicit construction of a skein theory for the planar algebras being considered.

In this thesis, we prove two results that are suggested by the previous work. These appear in
Chapters 2 and 3 after a preliminary introduction to planar algebras in Chapter 1. A detailed
summary of Chapters 2 and 3 follows.

The main theorem of Chapter 2 asserts that a finite depth planar algebra admits a skein theory,
i.e., a presentation with finitely many generators and finitely many relations. Thus finite depth
planar algebras constitute a subclass of analogues of finitely presented groups.

The first section is devoted to showing that for an arbitrary planar algebra P satisfying an
analogue of the finite depth condition for subfactor algebras, there is a Py;-Py.; bimodule
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isomorphism P, Coc_ 1 Py » Pi#n-(k-1) for all m, n > k where k is the ‘depth’ of P.

The next section introduces the technical tools that we use to prove our main result. These are
the notions of templates and consequences. A template is simply an ordered pair of planar
tangles and thus is not a planar algebra dependent object. However, given any planar algebra P
together with a subset B of P, there is a notion of a template being satisfied in (P, B).
Consequences of a set of templates roughly correspond to closing this set under certain planar
operations. It is not hard to see from the definitons that if certain templates are satisfied for
(P,B), then so are all their consequences. The main result in this section is a collection of various
consequences of a set of templates that we call basic templates.

The third section of this chapter proves our main theorem that subfactor planar algebras of finite
depth have a finite skein theory. The approach is to show that the basic templates hold for such a
planar algebra (together with the distinguished subset being a basis of Pk where k is the depth)
and then use their consequences and the bimodule isomorphism referred to above to deduce the
theorem.

The last section gives a very simple proof that finite depth subfactor planar algebras are actually
singly generated and further have a skein theory with this single generator. This last result is
analogous to a finitely presented group having a finitely generated kernel for any surjective
homomorphism of a finitely generated free group onto it, and the proof is also an imitation of
that proof.

The main problem that we deal with in Chapter 3 takes off from the single generation result
proved in Chapter 2. If P is a subfactor planar algebra of depth k, then it is easily seen that it is
singly generated by an element of P,.

However the number 2k is not the best possible and while we do not settle what is the best, we
show that if 2t is the even number of k + 3 and k + 4, then min{2k, 2t} will do. This is, of course,
better in case k > 4.

Much of the effort in reducing the bound on the degree of the generator is spent in proving a
result about finite dimensional complex semisimple algebras that might be of independent
interest. In the first section of this chapter, we show that if S is an anti-automorphism of such an
algebra without an M,(C) summand, then there exists an element a in it such that a and Sa
generate it as an algebra. The restriction about not having an M,(C) summand is necessary. The
proof of this result exploits a factorization theorem due to Takagi [4] and some simple
considerations about the Zariski topology.

The second section proves the bound asserted. This is a consequence of a graph theoretic lemma
applied to the principal graph of the subfactor planar algebra along with the generation result of
the earlier section.

Publications
1. Vijay Kodiyalam and Srikanth Tupurani, Universal skein theory for finite depth subfactor
planar algebras, Quantum Topology 2, No. 2, 157 - 172, (2011)

2. Vijay Kodiyalam and Srikanth Tupurani, A note on generators for finite depth subfactor
planar algebras, Preprint, arXiv:1004.1240 [math.OA]
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Abstract

Room temperature ionic liquids (RTILs) have come up as a class of novel compounds primarily
because of their interesting physicochemical properties like very low vapour pressure, wide liquid
range, moderate to high viscosity, high ionic conductivity etc. However, molecular-level
understanding on the intermolecular interactions, structure, and dynamics of new solvent
systems are very much essential so that these substances can be used to their full potential. The
main objective of the present thesis is to understand the kinship among the structures,
intermolecular interactions and dynamics in ionic liquids. A brief introduction on RTILs and
outcome of the previous literature reports of studies on solute rotation and solvation dynamics
in RTILs are presented in the first chapter of the thesis. In the second chapter, details of
instrumental techniques and data analysis have been presented. The third and fourth chapters
delineate the effect of solute-solvent interaction, ionic constituents on solvation®? and rotational
dynamics® * of solute probes. The last two chapters (fifth and sixth) discuss in detail the effect of
cosolvents on solute rotation and solvation dynamics®® and heterogeneity of RTILs” 2. The future
prospect and challenges are outlined at the end of the last chapter.
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(1) Solvation and Rotational Relaxation of Coumarin 153 and 4-Aminophthalimide in a New
Hydrophobic lonic Liquid: Role of N-H. . . F Interaction on Solvation Dynamics. Das, S. K.;
Sarkar, M. Chem. Phys. Lett. 2011, 515, 23.

(2) Studies on the Solvation Dynamics of Coumarin 153 in 1-Ethyl-3-Methylimidazolium
Alkylsulfate lonic Liquids: Dependence on Alkyl Chain Length. Das, S. K.; Sarkar, M.
ChemPhysChem 2012, 13, 2761.

(3) Rotational Dynamics of Coumarin-153 and 4-Aminophthalimide in  1-Ethyl-3-
methylimidazolium Alkylsulfate lonic Liquids: Effect of Alkyl Chain Length on the Rotational
Dynamics. Das, S. K.; Sarkar, M. J. Phys. Chem. B 2012, 116, 194.

(4) Solvation and Rotational Relaxation of Coumarin 153 in a New Hydrophobic lonic Liquid: An
Excitation Wavelength Dependence Study. Das, S. K.; Sarkar, M. J. Lumin. 2012, 132, 368.

(5) Steady-state and Time-Resolved Fluorescence Behavior of Coumarin-153 in a Hydrophobic
lonic Liquid and lonic Liquid-Toluene Mixture. Das, S. K.; Sarkar, M. J. Mol. Lig. 2012, 165, 38.

(6) Investigating the Interaction of a Nitrobenzoxadiazole Derivative with Metal lons:
Photophysical and Theoretical (DFT) Study. Das, S. K.; Patra, A. S.; Jose, D.; Sarkar, M. Chem.
Phys. Lett. 2012, 528, 11.

(7) Photophysical and Density Functional Studies on the Interaction of a New
Nitrobenzoxadiazole Derivative with Anions. Das, S. K.; Mishra, S. S.; Sahu, P. K;
Nijamudheen, A.; Mohan,V. ; Sarkar, M. Chem. Phys. Lett. 2012, 528, 11.

(8) lon Interactions with a New Ditopic Naphthalimide-Based Receptor: A Photophysical, NMR
and Theoretical (DFT) Study. Mohan, V.; Nijamudheen, A.; Das, S. K.; Sahu, P. K; Kar, U. P. ;
Rahaman, A.; Sarkar, M. ChemPhysChem 2012, 13, 3882.

(9) Diffusion-Viscosity Decoupling in Solute Rotation and Solvent Relaxation of Coumarin153 in
lonic Liquids Containing Fluoroalkylphosphate (FAP) Anion: A Thermophysical and
Photophysical Study. Das, S. K.; Sahu, P. K.; Sarkar, M. J. Phys. Chem. B 2013, 117, 634.

(10 ) Probing the Microscopic Aspects of 1-Butyl-3-Methylimidazolium Trifluoroacetate lonic
Liquid and Its Mixture with Water and Methanol: A Photophysical and Theoretical (DFT)
Study. Das, S. K.; Sahu, P. K.; Sarkar, M. J. Fluoresc. 2013, 23, 1217.

(11 ) Synthesis, Photophysics, Live Cell Imaging and Aggregation Behaviour of some Structurally
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Similar Alkyl Chain Containing Bromonaphthalimide Systems: Influence of Alkyl Chain Length
on the Aggregation Behaviour. Soni, M.; Das, S. K., Sahu, P. K.; Kar, U. P.; Rahaman, A,
Sarkar, M. J. Phys. Chem. C 2013, 117, 14338.

(12 ) Picosecond solvation dynamics of coumarinl53 in bis(1-methyl-1H-imidazol-3-ium-3-
yl)dihydroborate cation containing room temperature ionic liquid and ionic liquid-DMF
Mixtures. Sahu, P. K.; Das, S. K., Sarkar, M. J. Appl. Solution Chem. & Modeling 2013, 2, 47.

(13) Probing Solute-Solvent Interaction in 1-Ethyl-3-Methylimidazolium-Based Room
Temperature lonic Liquids: A Time-Resolved Fluorescence Anisotropy Study. Das, S. K.;
Sarkar, M. J. Fluoresc. 2014, 24, 455.

(14 ) Towards Understanding Solute-Solvent Interaction in Room-Temperature Mono and
Dicationic lonic Liquids: A Combined Fluorescence Spectroscopy and Mass Spectrometry
Analysis. Sahu, P. K.; Das, S. K., Sarkar, M. J. Phys. Chem. B 2014, 118, 1907.

(15 ) Fluorescence response of a dipolar organic solute in a dicationic ionic liquid (IL): Is the
behavior of dicationic IL different from that of usual monocationic IL? Sahu, P. K.; Das, S. K.,
Sarkar, M. Phys. Chem. Chem. Phys. 2014, 16, 12918.
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Abstract

In the thesis we have addressed some of the issues which can help enhance the utilization of
spectral Mueller matrix polarimetry for applications in biomedical imaging and diagnosis. One of
the important problems addressed by us is the measurement of Mueller matrix in backscattering
geometry with same set of polarization optics in PSA and PSG. In this geometry a complete set of
polarizer-analyser combinations cannot be generated with conventionally used polarization
optics. We showed that by incorporating a Faraday rotator, a non-reciprocal polarization device,
a complete set of polarization analyser states can be generated. This geometry will facilitate
combining Mueller matrix measurements with optical coherence tomography or confocal
microscopy to improve the information content in these imaging techniques.

Another important outcome of the thesis is the development of mathematical methods for
characterizing the polarization parameters from partial Mueller matrix measurement performed
using linear polarization measurements alone. This development avoids the need for wave-plates
and thus allows a much larger spectral coverage. In addition a reduction in the required number
of components and intensity measurements make the system simpler. We showed that under
the assumption that the depolarization of incident light with linear polarization is independent of
the orientation of linear polarization the partial Mueller matrix can be decomposed to obtain
polarization parameters such as linear retardance, diattenuation and depolarization. We also
showed that for non-depolarizing samples the incomplete Mueller matrix measurement
performed using 9 linear polarization measurements, can be converted in to the 4><4 Mueller
matrix. Therefore, the polar decomposition algorithms developed for the complete Mueller
matrix can be used for determination of the polarization parameters (retardance and
diattenuation) of a non-depolarizing medium.

Studies were also carried out on the use of depolarization properties of turbid medium for
obtaining useful optical parameters. Our experiments showed that while for turbid medium
containing Rayleigh scatterers, an increase in absorption leads to an expected decrease in
depolarization due to truncation of long path photons, for large size scatterers, an increase in
depolarization with an increase in absorption was observed. This was explained to be arising due
to the fact that an increase in absorption causes a decrease in the fraction of multiply scattered
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photons thereby increasing the contribution of the single scattered photons in the backscattcred
light. For large sized scatterers the polarization of scattered light varies significantly with angle
and would lead to depolarization when averaged over finite angle. Therefore an increase in the
contribution of single scattered photons to backscattered light leads to an increase in the
depolarization. Further we showed that depolarization map, which can be constructed by
plotting depolarization for different elliptically polarized light Stokes vectors, shows significant
scatterer size dependence while showing no significant absorption dependence.

Our studies on different gold nanoparticles showed that for all the shapes investigated the
depolarization for circularly polarized light is a factor of two larger than that for linearly polarized
input light. The results also suggest that the use of rod shaped particles and circularly polarized
input light will lead to best depolarization contrast. Further, our results indicate that the use of
depolarization contrast could be useful in imaging techniques such as polarization sensitive
optical coherence tomography and in confocal microscopy, for which the multiple scattering
contribution is small.

Publications
Journals

1. “Effect of gold nanoparticles on depolarization characteristics of Intralipid tissue phantom",
M. K. Swami, H. S. Patel, P. Geethu, A. Uppal, P. K. Kushwaha, and P. K. Gupta, Optics
Letters, 2013, 38, 2855-2857.

2. “Spectral Mueller matrix measurements for characterization of depolarization from non-
spherical gold nanoparticles”, M. K. Swami, H. S. Patel, A. Uppal, P. K. Kushwaha and P. K.
Gupta, Optics Communications, 2013, 308. 136-41

3. “Backscattering Mueller matrix measurement scheme using the same polarizing- analyzing
optics”, M. K. Swami, H. S. Patel, and P. K. Gupta, Journal of Optics, 2013, 15, 035709 1-6.

4.  “Conversion of 3*3 Mueller matrix to 4x4 Mueller matrix for non-depolarizing samples”, M.
K. Swami, H. S. Patel, and P. K. Gupta, Optics Communications, 2013, 286,18-22.

5. “Mueller matrix measurements on absorbing turbid medium”, M. K. Swami, S. Manhas, H. S.
Patel, and P. K. Gupta, Applied Optics, 2010, 49, 3458-3464.

6. “Mueller matrix-based optimization of reflective type twisted nematic liquid crystal SLM at
oblique incidences”, R. S. Verma, M. K. Swami, S. S. Manhas, and P. K. Gupta, Optics
Communications, 2010, 283, 2580-2587.

7.  “Polar decomposition of 3 x 3 Mueller matrix: A tool for quantitative tissue polarimetry”, M.
K. Swami, S. Manhas, P. Buddhiwant, N. Ghosh, A. Uppal, P. K. Gupta, Optics Express, 2006,
14, 9324-9337.

8. “Size Dependent Patterns in Depolarization Maps from Turbid Medium and Tissue”,M. K.
Swami, H. S. Patel, and P. K. Gupta, Communicated to Applied Optics.

Book Chapter
1. “History and Fundamentals of Light Tissue Interactions”, P. K. Gupta, M. K. Swami, and H. S.

Patel, In M. R. Hamblin and Ying-Ying Huang eds, ‘Handbook of Photomedicine' CRC pres
(2013).
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Abstract

Let (M, w) be a finite dimension symplectic manifold with symplectic formw. The loop space
LM := C°°(Sl,M) is a nuclear Fr'echet manifold modeled onLR?®. ForyeLMand X, Y €

T, LM,define Q9(X, Y) = [ 0, (X(v(0), Y(v(D)dt.

V’is a weak symplectic structure on the loop space. We proved that the loop space admits a
Darboux chart for any w. As a corollary of existence of Darboux chart, we showed that the
symplectic cohomology of the loop space is equal to the de-Rham cohomology of loop space.
Further we proved that the almost complex structure on LM compatible with Qis weak
integrable in local sense.

Next we move to a general class of a Frechet manifold known as PLB (ProjectiveLimit of Banach)
manifolds. We define a notion of a compatible symplectic structure on the PLB manifolds. We
associate to each point x € M, a Frechet space Hx. We prove that if Hxare locally isomorphic,
then with certain smoothness and boundedness condition, there exists aDarboux chart for the
weak symplectic structure.

Publications

1. Pradip Kumar, Almost complex structure on path space. International Journal of Geometric
Methods in Modern Physics Vol. 10, No. 3 (2013) 1220034.

2. Existence of ‘Darboux chart' on loop space(submitted to Journal) Darboux chart on
projective limit of weak symplectic Banach mani- fold, arXiv:1309.1693.
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Title : Interface Characterization of Multilayer Mirrors
Abstract

Thrust of this thesis is centered on development of short period grazing incidence hard x-ray
mirrors and soft x-ray normal incidence mirrors with an aim that they can be used in Indus-1 and
Indus-2 beamlines. Thesis focuses on development of preparation and analysis facilities for thin
films and multilayers. To reach this objective moderate resolution reflectometer capable of
carrying out x-ray reflectivity, grazing incidence diffraction and powder diffraction has been
developed. Also, development of lon Beam Sputtering based thin film deposition system has
been carried out. These developed instruments were used for systematic analysis of W/Si, W/B4C
and NbC/Si multilayers as function of thickness and multilayer period. The main achievement of
this work is the identification of the minimum bilayer thickness which does not show intermixing
across the internal interfaces during or after preparation. This information was revealed by
systematic investigation of surface and interface of large number of single layer, bilayer and
multiayer structures using x-ray reflectivity data and made the conclusion by comparing the
determined parameters as function of the as-grown structure parameters. A second achievement
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is the investigation of short period multilayers as function of annealing temperature. It is found

out that the combination NbC/Si shows much higher thermal stability (up to 700°C) compared to
Mo/Si multilayers which has similar reflectivity at room temperature in VUV spectral range.

Thesis has focused its investigation on the main reasons for interface degradation as function of
film thickness. It has been established that the process of interaction of back reflected sputter
gas atoms/ions with the deposited material is the most important reason for interface
degradation at shorter periods. It has been confirmed by means of STRIM calculation that a
measureable number of such ions/atoms can reach high energy and can release freshly
deposited host atoms from the surface. These results are very important and have not been
described in literature before.

Thesis also covers surface and interface studies carried out on NiMnSb thin films, Nb thin films,
and Co/Si bilayers and multilayers. These studies were carried out to understand the structure
and to relate the physical properties with the structure.

Publications
In Journals

1. “NbC/Si multilayer mirror for next generation EUV light sources”, Mohammed H. Modi, S. K.
Rai, Mourad Idir, F. Schaefers, and G. S. Lodha, Optics Express 20, (2012) 1514.

2. “lon beam sputter deposited W/Si multilayers: Influence of re-sputtering on the interface
structure and structure modification at ultra short periods” S.K. Rai, Arijeet Das, A.K.
Srivastava, G.S. Lodha, Rajnish Dhawan. Applied Surface Science 257, (2011) 10704.

3. “X-ray characterization of thin foil gold mirrors of a soft X-ray telescope for ASTROSAT
Characterization of SXT mirrors by X-ray reflectivity” Archna Sagdeo, S. K. Rai, Gyan S. Lodha,
K. P. Singh, Nisha Yadav, R.Dhawan, Umesh Tonpe and M. N. Vahia, Experimental
Astronomy 28, (2010) 11.

4. “Oxidation studies of niobium thin films at room temperature by X-ray reflectivity” K.J.S.
Sokhey, S.K. Rai, G.S. Lodha, Applied Surface Science 257, (2010) 222.

5. “Effect of surface roughness on multilayer film growth” Modi M.H., Rai S.K., Thomasset A,,
Lodha G.S. and Idir M. The European Physical Journal 168, (2009) 27.
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Jaiswal, Sanjay K. Rai, MK Tiwaril, V R Reddy, G S Lodha, and R V Nandedkar, J of Phys :
Condens Matter 19, (2007) 016001

7. “Surface and Interface study of pulsed-laser-deposited off-stociometric NiMnSb thin films on
Si(100) substrate” S. K. Rai, S. Rai, M.K.Tiwari, G. S. Lodha, M. H. Modi, M. K. Chattopadhyay,
S. Majumdar, S. Gardelis, Z. Viskadourakis, J.Giapintzakis, R. V. Nandedkar, S. B. Roy, and P.
Chaddah. Physical Review B 73, (2006) 034517.

In conference Proceedings

8. 8. “Growth of Short period multilayers for x-ray mirror” Sanjay K. Rai, Arijeet Das, R. Dhawan
and G. S. Lodha, 53 DAE Solid State Physics Symposium (2008) Mumbai, 367.

9. 9. “Hard x-ray reflectometer/ diffractometer station” Sanjay K. Rai, Archna Jaiswal,
B.Gowrishankar and G. S. Lodha 52™ DAE Solid State Physics Symposium held at Mysore
University, Mysore (2007), 421.

10. 10. "lon-Beam Sputtering System for depositing thin films and multilayers" Rajnish Dhawan,
Sanjay K. Rai, M.H.Modi, B.Gowri Sankar, Shradha Tiwari, Anand Valecha, M.A.Ansari, V.P.
Bhanage, C.P.Navathe,G.S.Lodha, RRCAT report reference no. RRCAT/2012-02
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Abstract

In this chapter we report results of ab-initio calculations for the zerotemperatureisotherm for Al
in compressed states. Zero-pressure properties, phase stability and phase coexistence have been
studied for Al. Possible high pressure phases of Al are examined by comparing the total internal
energies and enthalpies for three structures, viz., FCC, BCC and HCP. The energies are calculated
using the density function formalism and the FP-LAPW method. Perdew-Burke- Ernzerhof 96
parametrization of the Generalized Gradient Approximation (GGA) is used for exchange and
correlation. Zero pressure lattice constants and the bulk modulus have been calculated for three
phases of Al, and show good agreement with published experimental results. Our results for the
minimum energy c/a ratio for hcp match well with the experimental value. Coexistence of FCC &
HCP phases for a wide range of pressures near phase transformation is indicated by volume
energy curves, in agreement with a recently reported powder X-ray diffraction experiment. The
calculated lattice parameters at high pressures show good

Publications

Journals

1. FP-LAPW Calculations of Equation of State and Elastic Properties of _ and _ phases of
Tungsten Carbide at High Pressures, Vinayak Mishra and Shashank Chaturvedi, Journal of
Physics and Chemistry of Solids 74 (2013) 509.

2. Equation of State of Al for Compressed and Expanded States from First- Principles
Calculations, Vinayak Mishra and Shashank Chaturvedi, Physica B: Condensed Matter 407
(2012) 2533.

3. A Comparison of Quotidian EOS of Al with Ab Initio Calculations, V. Mishra, Sijoy C.D., P.
Pahari and S. Chaturvedi, Journal of Physics: Conference Series 377 (2012) 012105 (1-5)

4, EOS and Conductivity of Expanded States of Aluminium,V. Mishra V. Mehra and S.
Chaturvedi, Journal of Physics: Conference Series, 377(2012) 012103 (1-5).

5. Generation of Electrical Conductivity Data of Al using ab-initio MolecularDynamics
simulations, Vinayak Mishra and S. Chaturvedi AIP Conf. Proc., 1349 (2011) 799.

6. FCC- HCP Phase Coexistence in Al at High Pressure: Explanation in Terms of Density of States,
Vinayak Mishra and Shashank Chaturvedi Physica B: Condensed Matter, 403 (2008) 2676.

7. Theoretical Study of FCC-HCP Phase Coexistence and Phase Stability in Al by FP-LAPW
Method with GGA for Exchange and Correlation, Vinayak Mishra and S. Chaturvedi Physica B:
Condensed Matter, 393 (2007) 278. Note: In the following papers [8-10], the EOS data
generated in this study, have been used for hydrodynamic simulation. These papers are not
the part of this thesis.

8. Comparisons between Fast Shock Tube Simulations and Tests, V. Mehra, V. Mishra, C. D. Sijoy
and S. Chaturvedi, Journal of Physics: Conf. Ser., 377 (2012) 012101 (1-4).

9. Tensile instability and artificial stresses in impact problems in SPH, V.Mehra, C. D. Sijoy V.
Mishra and S. Chaturvedi, Journal of Physics: Conf. Ser, 377 (2012) 012102 (1-4).

10. Burn Phase Calculations and One-Dimensional Optimization Studies for an Inverse Z-pinch
Magnetized Target Fusion System P. V. Subhash, S. Madhavan, N. Sakthivel, V. Mishra, P.
Pahari, A. Majalee and S. Chaturvedi, Plasma Physics and Controlled Fusion 53 (2011)
085013.
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1. First Principles Investigation Of Structural Transformation In Tungsten Carbide, Vinayak
Mishra and Shashank Chaturvedi, presented at National Conference on Advances in Materials
Science and Technologies (AMST - 2012), Kakatiya University Warangal, A. P.

2. First Principles Determination of Al EOS and its Application to 2-D MHD Simulation of Metallic
Liner Implosion, Vinayak Mishra, S. Madhavan, P. Pahari and S. Chaturvedi,presented in
International Conference on High Pressure Science and Technology, AIRAPT-23, BARC,
Mumbai, 25-30 Sept, 2011.

3. A Comparison of Quotidian EOS of Al with Ab Initio Calculations, V. Mishra, Sijoy C.D., P.
Pahari and S. Chaturvedi, presented in International Conference on High Pressure Science
and Technology, AIRAPT-23, BARC, Mumbai, 25-30 Sept, 2011.

4, EOS and Conductivity of Expanded States of Aluminium, V. Mishra V. Mehra and S.
Chaturvedi, presented in International Conference on High Pressure Science and Technology,
AIRAPT-23, BARC, Mumbai, 25-30 Sept, 2011.

5. Equation of State of Aluminium in Expanded States, V. Mishra and S. Chaturvedi, presented
and published in the Proc. 54th DAE Solid State Physics Symposium, M. S. University of
Baroda, 14-18 Dec. 2009

6. Elastic Properties and Equation of State of bcc Bismuth at High Compressions Vinayak Mishra
and S. Chaturvedi, presented and published in Proc. 52nd DAE Solid State Physics
Symposium, University of Mysore, 27-31 Dec. 2007. Note: In the following papers [7-9], the
EOS data generated in this study, have been used for hydrodynamic simulation. These papers
are not the part of this thesis.

7. Computer Modelling of Electric Gun Aaditya V. Majalee, V. R. Ikkurthi, P. Pahari, V. Mishra, S.
Chaturvedi, presented in International Conference on High Pressure Science and Technology,
AIRAPT-23, BARC, Mumbai, 25-30 Sept, 2011.

8. Exploding foil simulations based on Equation of State data from ab-initio Molecular
Dynamics, A. V. Majalee, V. Mishra, P. Pahari, V. R. Ikkurthi and

9. Chatturvedi, presented and published in the Proc. of Indo - Russian Workshop on High Energy
density Physics for Innovative Technologies & Industry Applications, 12IT Pune , 19-21 Nov
2008.

10. Production of Megabar Pressure in Metallic Liner: A Computational Study S. Madhavan, V.
Mishra, A. Majalee, P. Pahari and S. Chaturvedi, presented and published in the Proc. 52nd
DAE Solid State Physics Symposium, University of Mysore, 27-31 Dec. 2007.
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Signals

Abstract

1. Context

Nuclear reactors must follow stringent norms for their reliable and safe operation. To meet such
requirements, all safety critical systems in Nuclear Power Plants (NPPs) must be validated using
diverse methods. Presently in NPPs, measurement of generated thermal power is performed
through neutronic channels, which also require validation. The neutronic readings are calibrated
using absolute/steady state value of the core temperature at regular time intervals. Hence, there
is a need for a diverse method to complement the existing power measurement. Also, presence
of alternative method may help in facing complex and unforeseen situations such as
unavailability of other monitoring systems. Hence, a new method for power measurement must
be investigated to meet safety requirements.
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2. Objectives

(i) To investigate the feasibility of using temperature fluctuations in coolant at the outlet of
subassemblies to estimate reactor power.

(ii) To study the properties of associated temperature fluctuations at various reactor thermal
power levels.

(iii) To propose a method to derive generated thermal power information from temperature
fluctuations.

(iv) To estimate the resource utilization for a signal processing implementationon a FPGA-based
reference platform.

Publications

Journals:

1. Sharma, P., Murali, N., & Jayakumar, T. (2014). Effect of thermocouple timeconstant on
sensing of temperature fluctuations in a fast reactor subassembly. Journal of Sensors and
Sensor Systems, 3, 55-60.

2. Sharma, P., Murali, N., & Jayakumar, T. (2013). Statistical testing of temperature fluctuations
for estimating thermal power in central subassembly of fast reactor. Annals of Nuclear
Energy, 60, 406-411.

3. Sharma, P., Nagarajan, M., Mohanakrishnan, P., & lyer Swaminathan, P. (2012). Signal
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Abstract

Water chemistry studies related to the decontamination of stainless steel based nuclear reactors
and also application of ion exchange resins for maintaining the specific water chemistry has been
carried out. Optimization of parameters for synthesis of vanadium in low oxidation state has
been undertaken. Vanadium (ll) compounds are suitable for reductive dissolution of oxide
materials formed on stainless steel. Various solution conditions as well as different electrodes
have been evaluated to synthesise V(llI) optimally. Carbon based electrodes have been shown as
better cathode material for electrolytic preparation of V(ll). Solubility of V(V) and V(IV) in
aqueous formic acid media has been evaluated to optimize the precursor solution concentration
for electrolysis. The maximum aqueous solubility of V(IV) formate has been found to be more
than that of V(V) formate. Controlled current electroreduction of these compounds at
concentrations around 125 mM has resulted in formation of soluble V(II) formate in the medium
while at higher concentrations, V(lll) formate precipitated out upon electrolysis. Reduction of
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V(IV) formate at 350 mM concentration using zing amalgam resulted in precipitation of V(Il)
formate. The chemical formulae of the vanadium compounds precipitated out by exceeding their
solubility limits in the different oxidation states viz. V(V), V(IV), V(llI) and V(Il) were determined
by a combination of chemical analysis, spectroscopic techniques, thermogravimetry, XPS and
XRD. The formulae of the synthesized compounds were found to be V205, VO(HCOO)2-H20,
V(OH)(HCOO0)2 and V(HCO0)2-2H20 respectively.

Methodology for redox speciation of aqueous vanadium solutions has been evolved. As
vanadium (ll) and Vanadium (lll) are air-sensitive, inert atmosphere has to be maintained during
the preparation. This is based on continuous solution potential monitoring with a redox electrode
impressed with a high frequency alternating voltage to overcome polarization of the electrode.
The redox speciation method for periodic batch samples has also been evolved which is based on
simple, rapid and sensitive indirect spectrophotometric measurement. The samples were first
converted into a V(V)/V(IV) mixture by adding excess V(V). V(V) in solution was then evaluated by
adding Fe(ll) and estimating the Fe(lll) formed by the spectrophotometric determination of the
sulfosalicylic acid complex where neither V(IV) nor Mn(lIl) has shown any interference over a wide
range of concentration.

Chromate reduction on magnetite in presence of gamma irradiation has also been studied. The
chromate reduction with dose follows a Lagergren’s pseudo first order kinetic model. This
process was found to be a surface phenomenon. The effect of reducing radiolytic species on both
chromate solution and dispersed magnetite could be ascertained. XPS data for magnetite
equilibrated with chromate under y irradiation has shown a different surface composition as
compared to the one obtained in absence of yirradiation.

Nitric acid leachout characteristics from weak base anion exchanger has been experimentally
evaluated as a function of total nitric acid loading at a given flow velocity. An empirical first order
model is used to explain the column outlet behaviour. Based on the experimental evaluation, a
column configuration of a strong acid cation exchanger topped mixed bed of strong acid cation
exchanger and weak base anion exchanger followed by a 5% nitric acid loaded weak base anion
exchanger as a bottom layer has been used to remove Gd(NOs); from water while maintaining
the column outlet pH in the range of 5.0 - 5.5 which conforms to the technical specifications for
moderator system during gadolinium removal.
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Abstract

Integration of myriad signals is required for the activation of T cells. Among these, the Notch
signaling pathway facilitates short range communication between cells. Indeed, transmission of
Notch signals requires physical contact between cells under most circumstances. It is becoming
increasingly clear that Notch signaling regulates peripheral CD4+, CD8+, Tregs and NK cells
responses. In the present study, we evaluated the role of Notch in regulation of peripheral y&
(gamma delta) T cells and regulatory T cell functions.

We describe for the first time, to our knowledge, the role of Notch in regulating the effector
functions of human y& T cells. y6 T cells are involved in combating infectious diseases and have
non-redundant capacities in the inhibition of tumor development and progression. The present
study showed Notchl and Notch2 expression in y& T cells derived from healthy individuals and
oral cancer patients at both mRNA and protein levels. Inhibiting Notch signaling in
phosphoantigen/anti CD3mAb-stimulated y& T cells resulted in marked decrease in proliferation
of y& T cells, confirming TCR engagement as a key initiating event. It was also observed that
blocking of Notch signaling in y& T cells by GSI-X as well specific silencing of either Notchl or
Notch2 by siRNA inhibits the ability of y6 T cells to lyse tumor targets. Similarly, obstructing
Notch signaling inhibited the IFN-y secretion by y& T cells stimulated with phosphoantigens/anti
CD3 mAb. These results showed that Notch signaling pathway plays an important role in
regulating effector functions of y& T cells. Furthermore, it was found that rDIl1 and rDIl41
augments whereas rlagl significantly decreases phosphoantigens driven proliferation of y6 T
cells. Similarly, rlagl significantly decreases IFN-y secretion by phosphoantigen/anti CD3
activated yd T cells. Interestingly, we also found that blocking of Jagl ligand on regulatory
reduces their suppressive potential against y& T cells. These studies may have important
implications in clinical situations where new strategies for the clinical manipulation of y& T cells
for cancer immunotherapy are being investigated.
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Fuel Reprocessing
Abstract

Tri-w-butyl phosphate (TBP) dissolved in w-dodecane, has been used as workhorse in nuclear fuel
reprocessing industry for the last five to six decades, yet a few drawbacks associated with it.
Based on pioneering work of Siddall, N,N-dialkyl amides have been identified as alternative
extractants of TBP due to their completely incinerable nature. N,N- dihexyloctanamide (DHOA)
has been identified as a promising alternate to TBP in spent nuclear fuel reprocessing of
Pressurized Heavy Water Reactor (PHWR).

The present research work deals with evaluation of DHOA vis-a-vis TBP as extractants for the
reprocessing of fast reactor and Advanced Heavy Water Reactor (AHWR) spent fuels. Extraction
data have been generated by batch experiments as well as by mixer settler/centrifugal
contactors under the relevant conditions of fast reactors and AHWR fuels, respectively. A process
flow sheet has been developed for the reprocessing of AHWR spent fuels under simulated
conditions. DHOA shows better extraction ability for Pu and extraction of U is comparable to TBP.
DHOA shows better stripping behaviour for U, Pu and Np as compared to TBP. Radiolytic and
thermal degradation studies proved that DHOA is a promising alternative of TBP for spent fuel
reprocessing. Np extraction studies and conditions for co-recovery of U, Pu and Np have been
optimized using 1.1M TBP and 1.1M DHOA dissolved in w-dodecane as solvents under PHWR-
HLW conditions. Tc extraction behavior was studied using DHOA and TBP solutions in w-
dodecane, under varying experimental conditions. The experimental results suggested that 1.1 M
DHOA is better than 1.1 M TBP with respect to co-extraction of Tc and U, and U decontamination
with respect to Np/Pu.

Dynamic Light Scattering (DLS) studies were also carried out to investigate the aggregation
behavior of 1.1 M solutions of TBP and DHOA. A significant enhancement in the aggregate sizes
was observed with increasing concentration of thorium in the organic phase. The effect of
uranium extraction on third-phase formation behavior was also studied using 1.1 M TBP and
1.1M DHOA solutions in different diluents viz. w-dodecane, 10% 1-octanol + w- dodecane, and
decahydronaphthalene (decalin). An empirical correlation was developed for predicting the
concentrations of uranium and thorium in HOP for both the extractants. Thermal decomposition
studies of DHOA/w-dodecane system were carried out to explore the possible runaway reaction
and red-oil formation in nitric acid medium.
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Agent on Integrin Mediated Adhesion and Induced
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Abstract

Triple Negative Breast Cancers (TNBC) raises an urgent need to develop an effective treatment
since targeted therapies fail to combat the same. In this context, drug repurposing a process of
ascertaining newer roles of existing drugs had been demonstrated. PTX, a methylxanthine
derivative is an FDA approved drug for the treatment of peripheral vascular diseases. The project
unravels the anti-metastatic effects of Pentoxifylline (PTX) in human MDA-MB-231 breast cancer
cells. PTX affects the processes of cellular proliferation, adhesion, invasion, migration, apoptosis
and angiogenesis. The process of adhesion to Extracellular Matrix (ECM) is in part mediated by
cellular receptors such as the integrins. Loss of this adhesion mediates cellular death. PTX affects
cellular adhesion to ECM components and its allied receptors integrins. The integrins lack the
enzymatic activity and thus need accessory molecules such as Focal adhesion kinase (FAK) to
mediate its downstream effect. Thus, effect of PTX was evaluated on FAK and its downstream
effectors such as MAPK/ERK and Akt pathways, PTX affected active levels of MAPK and Akt,
affecting cellular proliferation and culminating into cellular death or apoptosis. The effect of PTX
was also ascertained on certain anti-apoptotic proteins such as Bel-2 family members and
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caspases. PTX also affects cellular migration by affecting the actin cytoskeleton and activity of
RhoGTPases. Finally, PTX causes a delay in tumor growth and affects the process of angiogenesis
using in vivo model system. PTX along with liposomal doxorubicin also causes tumor growth
delay. These investigations surely underlie the potential of PTX in the management of breast
cancer
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Abstract

My thesis is divided into two parts.

In the first part, we prove the semistability of logarithmic de Rham sheaves on log conical
pair, under suitable conditions. This is related to existence of Kahler-Einstein metric on the
open variety. We investigate this problem when the Picard number of smooth projective
variety is one. We prove semistability of the logarithmic de Rham sheaf on log canonical
pair under suitable hypothesis on the divisor components . We also extend the
semistability result for Kawamata coverings, and this gives examples whose Picard number
can be greater than one. Finally, we proved semistability of log Fano manifolds of
dimension at most 6.

In the second part, we investigate linear systems on hyperelliptic varieties. We prove
analogues of well-known theorems on abelian varieties, like Lefschetz's embedding
theorem and higher higher jet embedding theorems on hyperelliptic varieties. Syzygy
properties are also deduced for appropriate powers of ample line bundles on hyperelliptic
varieties.
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Abstract

The reported work addresses the important problem of change in the behaviour of the H,- F,
flame reactor under the influence of various parameters such as, excess hydrogen, flow rates,
preheating of the reactor wall, addition of different types of diluents etc., through experimental
studies and computational modeling. An extensive review of the existing literature on H,-O, and
H,-F, systems has been presented in the thesis. Meticulously planned experiments with adequate
safety in design for H,-F, handling and reaction have been carried out in two types of reactors; a
vertical cylindrical reactor (VCR) for flow trials, and, a horizontal cylindrical reactor (HCR) for
batch operations. The experiments conducted in the VCR have among other things, indicated the
following: (1) the reaction takes place a little away from the feed nozzles, (2) the influence of
excess hydrogen is limited to a distance of 120 mm from the tip of the fluorine feed nozzle, (3)
the reactor wall temperature significantly affects the temperature profile of the reactor, and (4)
the diluents such as helium, nitrogen and argon cause a significant decrease in the temperatures
near the fluorine feed nozzle, thereby reducing the thermally induced fluid velocities. The
temporal behaviour of gas temperatures inside the HCR are reasonably predicted by the
analytical model. The CFD model has been developed using the commercial software, FLUENT,
which allows to simulate the complex geometries while solving momentum, energy, species
transport, reactions and turbulence in the computation of the flow experiments. Selection of k-s
as the turbulence model and grid size of 1 mm have produced results which match well with the
experimental temperature data. The radiative mode of heat transfer is found to be not so
significant in the flame reactor. The validated CFD tool has been used for predicting the operating
conditions of the scale-up designs of the reactor. Three scale-up designs of the H2-F2 flame
reactor have been simulated and the results are reported in the work. Different criteria have
been studied for the feed nozzle design and similar enthalpy per unit reactor volume has been
considered as the basis for reactor sizing. The scale-up based on the similar velocities at the
feeding nozzle exits has yielded better results but needed some improvisation in order to extend
the higher temperature regime in the reactor. This to some extent is achieved by addition of
nitrogen in the fluorine stream.

The work presented in the thesis is a good contribution to the development of an industrial
scaleflame reactor which can serve as a model for several other similar applications, especially
where the reactions are potentially dangerous because of possibility of explosions under
uncontrolled conditions.
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Abstract

The radio frequency and microwave power amplifiers are key systems for superconducting
accelerating structures. Major constituent blocks of a typical high power solid-state amplifier are
power amplifier modules, power combiner, dividers and directional coupler. The objective of this
research work is to explore newer design techniques and topologies suitable for high power and
efficient operation of these constituent blocks, followed by their experimental verification.

For amplifier modules, the traditional and newer continuous operating modes are investigated
for high power application. Unlike conventional designs at low power, the present analysis aims
to explore a design space at high power, to operate the commercially available device, within its
practical limits of drain voltage excursion. The traditional designs (Class A, B and AB modes)
include two low power (10 W) and two high power (270 and 400 W) amplifiers. The newer
designs include, two efficient variants of the Class J mode UHF amplifier in 500-700 W power
regime, and an extended continuous Class F mode amplifier, capable of delivering 600 W. For
power combiners, design of a novel multi-way radial topology is proposed. Using segmentation
method, 8-way and 16-way combiners were physically demonstrated for their operation in kW
level power range, having combining efficiency as good as 98.9%. For low power dividers,
performance enhancement was achieved by its loading, separately with a capacitive stub and a
dielectric-resonator. Similarly, for the directional couplers an improved design using
asymmetrical and uniformly aperture coupled transmission line, is investigated. These
constituent blocks, once integrated using a suitable architecture, yield kW level of power. In an
effort to study such integrated system, an analysis is presented for the graceful degradation and
amplitude/phase imbalance using a scattering parameter based model, followed by experimental
investigation of 2 kW, 20 kW and 50 kW solid-state amplifier systems. This research work
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provides useful design and experimental data for the high power radio frequency and microwave
solid state amplifiers.
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Chromatography

Abstract

Separation and determination of lanthanides, thorium and uranium are of great significance in
nuclear technology, environmental science, geochemistry, material science etc. Present thesis
deals with the development of liquid chromatographic methods to suite the requirement of
nuclear industry and environmental samples, where interferences from matrix elements is a
perennial problem in addition to the challenges posed by the close similarities in the properties
of the analyte elements. One of the objectives was to develop a method for the separation of
lanthanides based on ion interaction chromatography. An ion interaction reagent, octadecyl
sulphonate, which would offer high resolution separation and long term adsorption stability to
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the stationary phase, was identified for the individual separation of lanthanides. Another LC
method for the determination of lanthanide fission products was developed and this method
does not involve any pre-separation of matrix elements. The direct method thus minimizes the
chances of analyte loss or cross contamination during the sample preparation steps. In the
present work, reversed phase chromatography was used for the separation of thorium and
uranium as they form hydrophobic complexes with hydroxycarboxylic acid eluents. The unique
elution pattern exhibited by mandelic acid eluent was explored for the development of a method
for the determination of small amounts of uranium in thorium matrix. Studies were also carried
out to unravel the reason behind this unusual elution order by employing different ion
interaction reagents. Studies for the pre-concentration as well as analytical separation were
carried out with an aim to determine uranium present at ultra-trace levels in seawater and
processed seawater samples. In addition to good sensitivity and wide dynamic range, the
developed method offers excellent tolerance to iron. Speciation studies of uranyl-
hydroxycarboxylic acid systems were carried out using electrospray ionisation mass spectrometry
to identify the species responsible for their adsorption/elution under chromatographic
conditions. Influence of solution phase conditions as well as instrumental parameters on the
distribution of major uranyl species was studied in detail to obtain sensitive and representative
mass spectra. In nutshell, the thesis presents the work carried out to systematically study the
effect of various chromatographic parameters to develop methodologies suiting specific samples
and requirements.’
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ofUranium in Seawater P.G. Jaison, Vijay M. Telmore, Pranaw Kumar, and Suresh K. Aggarwal
Journal of Chromatographic Science, 49 (2011)72-78.

6. Determination of Uranium in Seawater Samplesby Liquid Chromatography using Mandelic
Acidas a Complexing Agent P.G. Jaison, Vijay M. Telmore, Pranaw Kumar and Suresh K.
Aggarwal Journal of Chromatographic Science, 49 (2011) 657-664.

7. Electrospray ionization mass spectrometric studies onuranyl complex with a-
hydroxyisobutyric acid in watermethanolmedium P.G. Jaison,Pranaw Kumar, Vijay Telmore
and Suresh K. Aggarwal Rapid Communications in Mass Spectrometry, 27 (2013) 1105 -
1118.Symposia / Conferences:

International

1. Determination of Uranium in Seawater by Liquid Chromatography Using Mandelic Acid as a
Complexing Agent P.G. Jaison, V.M. Telmore, Pranaw Kumar and S.K. Aggarwal 34"
International Symposium on High-Performance Liquid Phase Separations and Related
Techniques (HPLC2009) held in Dresden, Germany during June 28 - July 2,2009, Paper No.
ENV10, p. 324.

2. Coupled Column Liquid Chromatography Using Mandelic Acid for the Determination of
Lanthanides in Thorium Matrix P.G. Jaison, Pranaw Kumar, V.M. Telmore and S.K. Aggarwal
Ibid, Paper No. MCSQ9, p. 558.
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Title : A Journey towards QCD Radiative Corrections in the SM

and Beyond at the LHC
Abstract

In this thesis, our main endeavor has been to pave the way towards next-to- leading order (NLO)
QCD corrections for processes in the Standard model (SM) and beyond to the fullest extent. We
mark off available standard techniques to perform NLO QCD corrections at the hadron collider
and fit out a brief introductory portion on few beyond standard model scenarios in the first
chapter. In the second chapter, we study the prospects of probing large extra dimension model
at the Large Hadron Collider (LHC) through neutral triple gauge boson production processes. In
theories with extra dimensions, these processes result from the exchange of a tower of massive
graviton modes between the SM particles. We consider yyy, vvZ, yZZ and ZZZ production
processes and present our results for various kinematic distributions at the LHC with center of
mass energy VS = 14 TeV. Also, we perform a detailed calculation of 5-point tensor integral
reduction using Passarino-Veltman technique and present its analytical results in a ready-to-use
format, so that they can be used whenever attempts to do NLO corrections of these processes
are being made. The third chapter consists of NLO QCD corrections to the associated production
of the vector boson (Z/Wz) with the Kaluza—Klein modes of the graviton in the large extra
dimension model at the LHC. We have obtained various kinematic distributions using a Monte
Carlo code which is based on the two cutoff phase space slicing method that handles soft and
collinear singularities appearing at the NLO level. We estimate the impact of the QCD corrections
on total cross section as well as on various observables and find that they are significant. We also
show the reduction in theroretical scale uncertainty when QCD corrections are included. Further,
we discuss the ultraviolet sensitivity of the theoretical predictions. We present the NLO
predictions for diphoton production in the ADD model in the fourth chapter. Fixed order NLO
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results are matched to the HERWIG parton shower using the MC@NLO formalism. A selection of
the results is presented for d = 2—6 extra dimensions to NLO+PS accuracy, using generic cuts as
well as analysis cuts mimicking the search strategies as pursued by the ATLAS and CMS
experiments. Finally, in the last chapter, we summerise our pivotal observations.
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Title : Orbits of Pairs in Finite Modules over Discrete Valuation

Rings and Permutation Representations
Abstract

ABSTRACT. Let A be a discrete valuation ring whose maximal ideal is generated by a
uniformizing element 7, and which has a finite residue field F,. Let A denote the set of
all sequences of symbols of the form

(1) . ),

where A\; > A2 > ... > Ag is a strictly decreasing sequence of positive integers and
p1, P2, - - -, Pk are positive integers. We allow the case where k = 0, rcs%ulting in ‘thc empty
sequence, which we denote by 0. Every finite A-module A, is, up to isomorphism, of the
form

(2) Ax = (/T A)%7 & (A/T*2A)%2 @ ... & (A/m™A) O

for a unique A € A. Let G, denote the automorphism group of Ay. . ‘
Fix a A € A, the corresponding finite torsion A-module A, and its automorphism

group Gx. The group Gy acts on A," by the diagonal action
g-(x1,...,2a) = (9(x1),...,9(xy)) for T; € Ay and g € G).

In this thesis we study the set of Gy-orbits in A," under the above action for n = 2.
We find that the cardinality of each orbit is a polynomial in g with integer coefficients
and moreover, given such a polynomial, the number of orbits with that cardinality is a
polynomial in ¢ with integer coefficients which does not depend on A, but only on the
cardinality of the residue ficld of A.

We use these results to analyze the permutation representation of G, on the vec-
tor spaces C[O] where O runs over Gy-orbits in Ay. We are able to prove that these
permutation representations are multiplicity free.
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Representations of the Automorphism Group of a Finite Torsion Module over a Discrete
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142



Academic Report O 201415

W8

Name : Manju Taxak

Enrolment No. : CHEMO01200804028

Date of Award of degree : 25.09.14

Constituent Institute : Bhabha Atomir Research Centre, Mumbai
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Abstract

Tantalum is a potential candidate material for the hydrogen separation membrane due to its
large hydrogen solubility and good hydrogen diffusivity. The permeability is a product of
solubility and diffusivity. The hydrogen solubility in tantalum and its alloys is one of the
parameters responsible to estimate the permeability. The hydrogen embrittlement associated
with tantalum at low temperature is the main limitation of its use in membrane applications.
Alloying with the elements which are having less hydrogen solubility or destabilize the hydrides
can be a way to overcome this limitation. In the present work, the effect of nickel, chromium,
iron and aluminium on the solubility of hydrogen in tantalum has been investigated. Ta-alloys
with Ni, Cr, Fe and Al within solid solubility limit were prepared using arc melting in an inert
atmosphere. Pressure- composition-isotherms (P-C-T) equilibrium measurements have been
investigated in the temperature range (673-873) K for Ta-H and Ta-M-H systems [M = Ni, Cr, Fe
and Al] using a Sievert’s apparatus. The dissolved hydrogen was within the solid solubility range
corresponding to the temperature and followed the Sievert’s law. From the equilibrium P- C-T
data, the thermodynamic parameters: the relative partial molar enthalpy, entropy and Gibb’s
free energy for the solution of hydrogen in these alloys are evaluated using Sievert’s relationship.
The hydrogen solubility in tantalum-alloys decreases with increase in the alloying elements
composition. This decrease in solubility is attributed to increase in lattice strain energy of the
alloys or due to very less solubility of hydrogen in these elements or the chemical inertness of
these alloying elements towards the hydrogen. The relative partial molar enthalpy becomes less
negative with increase in alloying elements composition whereas entropy values are almost
constant.

In addition, the isothermal hydrogen absorption kinetics of unalloyed tantalum and tantalum-
aluminium alloys has been investigated in the temperature range of (673973) K. The reacted
fraction of hydrogen, a, was calculated from the experimental data of hydrogen absorption in
different tantalum-aluminium alloys as a function of time using pressure drop method. The
function g(a), giving the best linearity with time is indicative of the mechanism of hydrogen
absorption. The rate function of hydrogen absorption and the kinetic parameters are obtained
from the linear regression fitting of g(a) versus time plots. The mechanism of three-dimensional
diffusion is the intrinsic rate-limiting step of hydrogen absorption processes in the studied
temperature range. The apparent activation energy for the absorption of hydrogen in these
alloys also calculated using Arrhenius equation that increases linearly with increase in the
aluminium content in the alloys.

The thermodynamic and kinetics data for the solution of hydrogen in tantalum and its alloys can
be used to process the design for Ta-based materials for various hydrogen atmosphere
applications and can also be utilized in various modeling studies for hydrogen solubility and
permeability.
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Title : Some Aspects of Gamma-Ray Astronomy
Abstract

This thesis focuses on some aspects of gamma-ray astronomy. The substantial part of this thesis
deals with the experimental project in gamma-ray astronomy based on High Altitude GAmma
Ray (HAGAR) telescope system which is located at an altitude of 4270 m in the Ladakh region of
the Himalayas in India. Detailed Monte Carlo simulations pertaining to HAGAR system are carried
out to determine the performance parameters of the system. Various performance parameters
like energy threshold, effective area and detection rates have been estimated for vertically
incident showers of different primaries (y-ray, proton, helium, etc) as well as for inclined
showers. We found that the energy threshold of the HAGAR telescope system is about 208 GeV,
and it is able to detect Crab like sources at 5 sigma significance in ~ 17 hours of observation. In
addition, we have compared our simulated results with the observed results. The estimated
trigger rate agrees well with the observed trigger rate of 13Hz. It has also been found that= the
simulated trigger rates at various zenith angles are consistent with the corresponding observed
trigger rates. We have observed the Crab nebula with the HAGAR telescope array. Regular source
observations have begun with the complete setup of 7 telescopes since September 2008. The
analysis of 10.4 hours (after data quality selection) of the Crab nebula data from the period
2008-2011 gives 5.6 = 0.6 y-rays/min with 8 o significance. In addition, several Galactic sources
such as LSI 61+303, MGRO J2019+37 are studied through the analysis of data taken with the
HAGAR system.
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The remaining part of this thesis is on phenomenological aspects of gamma-ray astronomy. In
this context, two Galactic sources are studied through multi-wavelength modelling. The Milagro
collaboration has recently reported an extended TeV gamma-ray source MGRO J2019+37 in the
Cygnus region. No confirmed counterparts of this source are known although possible
associations with several known sources have been suggested. We studied the spectral energy
distribution (SED) of the source using a leptonic model for the TeV emission within the context of
a Pulsar Wind Nebula (PWN), using constraints from multi-wavelength data from observations
made on sources around MGRO J2019+37. These include a radio upper limit given by the Giant
Meter wave Radio Telescope (GMRT), GeV observations by Fermi-LAT, EGRET and AGILE and
VHE data taken from Milagro. We find that, within the PWN scenario, while leptonic model can
explain the TeV flux from this source, the upper limit from the radio observation using GMRT
imposes a stringent constraint on the size of the emission region.

Additionally, multi-wavelength modelling was done for another galactic source Cassiopeia A (Cas
A). Non-thermal X-ray emission from the shell of Cas A has been an interesting subject of study,
as it provides information about relativistic electrons and their acceleration mechanisms in the
shocks. The Chandra X-ray observatory revealed the detailed spectral and spatial structure of this
SNR in X-rays. The spectral analysis of Chandra X-ray data of Cas A shows unequal flux levels for
different regions of the shell, which can be attributed to different magnetic fields in those
regions. We have explained the GeV — TeV gamma-ray data in the context of both leptonic and
hadronic scenario. We use the synchrotron emission process to explain the observed non-
thermal X-ray fluxes from different regions of the shell. These result in estimation of the model
parameters, which are then used to explain the TeV spectrum. We also use a hadronic scenario
to explain both GeV and TeV fluxes simultaneously. We show that leptonic model alone cannot
explain the GeV — TeV data. Therefore, we need to invoke a hadronic model to explain the
observed GeV — TeV fluxes. We found that although a pure hadronic model is able to explain the
GeV —TeV data, a mixed lepto-hadronic model provides the best fit to the data.

Publications

Journals
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Abstract

The Thesis entitled “Chromatographic and Mass Spectrometric Studies for Lanthanides, Actinides
and Platinum Group Elements” by Mr. Pranaw Kumar consists of six Chapters. Chapter 1
describes the introduction of the Chromatography and Mass Spectrometry. In this regard the
basic principles of these two techniques are explained. This Chapter also presents the literature
survey of the existing methods for the separation of Lanthanides, Actinides and Platinum Group
Elements and need for the development of the new methodologies.

Chapter 2 presents the importance and difficulties in the separation of the rare earths in bulk of
the rare earth. Here, liquid chromatographic method was developed for the separation of
lanthanides and yttrium from Dy,0;. Comparison of two reversed phase columns viz. Cig and Cg
were carried out in order to enhance the resolution amongst the adjacent lanthanides. Cs column
using n-octane sulphonate as IIR provided better resolution and it was possible to resolve Y from
Dy using a-hydroxyisobutyric acid (HIBA) as a single eluent.

Chapter 3 highlights HPLC based method for the separation of Lns, Th, U and Pu in the irradiated
(Th, Pu)O, fuel. Two steps separation procedure was developed for the separation of lanthanides
and actinides. A dynamically modified reversed phase column using n-octane sulfonic acid as an
ion interaction reagent and dual gradient (pH and concentration) of HIBA were employed for
separation of lanthanide fission products from the irradiated samples.

Chapter 4 describes the use of mandelic acid as an eluents for the separation of Th, U and Pu
from the irradiated (Th, Pu)O, fuel. Using this method, U and Pu were eluted prior to the Th
which prevents the interference from the Th.

Chapter 5 presents the usefulness of the electrospray ionization mass spectrometric studies for
different species of platinum benzoylthiourea. Various species of platinum and benzoylthiourea
were identified in positive and negative modes. The possible formation pathways were presented
and the spatial arrangement predicted using density functional theory.

In Chapter 6, ESI-MS method was investigated for the determination of palladium in simulated
high level liquid waste. Preconcentration of Pd-BTU complex was carried out selectively on
disposable pipette containing Ciz material. The suitability of the method was studied for
determination of Pd in simulated high level liquid waste and there were no interferences from
the neighboring elements namely Ag, Au, Cd, Rh and Ru.
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Title : Lentiviral Vector Mediated Long Term Expression of

Therapeutic Proteins
Abstract

Lentiviral vector (LV) mediated gene transfer has been put to varied uses and versatility of the
system is continuously expanding. New vector platforms with expanded utility as well as its novel
use for potential therapeutic benefits are also being investigated.

In the present study, the candidate has successfully delivered shRNA using LV against elastase in
HEK-293. Increased production of rhEPO was found with this knock down strategy. Also the
recombinant protein was purified and shown to have bioactivity. He has demonstrated the
increased therapeutic potential of LV delivered cpp tagged murine interferon-a both in vitro and
in vivo. Also the Galectin3 pseudotyped LV mediated targeted delivery and consequent antitumor
therapeutic benefit was shown in vivo. He has effectively demonstrated therapeutic potential of
Gal3 pseudotyped LV for targeted tumor cell killing through apoptosis mediated by the LV
particle carrying mutSOD1 and Bcl2. He has also a developed a new platform with hygromycin
resistance thereby increasing the options for multiple selection and gene delivery to same target
cells. In summary, this thesis provides new insights and reported results are very useful in the
context of translational research.
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Niobium, Titanium, Silicon and Uranium Oxides
Abstract

The process of direct oxide electrochemical reduction (DOER) of solid metal oxides to metals in
molten salts is a recent development in the area of pyro-electrometallurgy. In this process, the
metal oxide is converted to the metal via electrolysis by the application of a potential between
the metal oxide (cathode) and graphite (anode) in a suitable molten salt electrolyte medium. A
number of metal oxides such as TiO,, Cr,0; etc. have been converted to the respective metals by
this process. Since the process is a new one, many fundamental issues still remain unexplored.
The thesis focuses on the study of the fundamental aspects of the DOER of Nb,Os, TiO,, SiO, and
UO, in various molten salts. The thesis is segmented into 7 chapters, whose contents are
described below.

Chapter 1 introduces the DOER process and discusses briefly the results of studies reported in
literature, the discrepancies observed there in and the potential areas to be explored. Chapter 2
gives an account of the experimental aspects associated with the DOER process such as the
preparation of salt, cathode, anode and reference electrode, assembling of the cell etc. in
addition to the analytical techniques employed to characterise the products after electrolysis
such as XRD, SEM-EDX and oxygen analysis. Chapter 3 brings out the fundamental issues of the
DOER process taking Nb,0Os as the candidate oxide. The electrolysis experiments were carried out
for different durations of time and the chemistry of the melt was studied by analyzing the same.
From the results of XRD, SEM-EDX, electrochemical data and the melt analysis, the pathways of
reduction of Nb,Os were determined. The effects of the factors influencing the electrochemical
reduction such as time of electrolysis, temperature, applied voltage, open porosity of pellets,
mode of electrolysis, configuration of the cathode, composition of melt etc. were also
determined. Chapter 4 deals with the electrochemical reduction studies carried out on TiO, and
SiO, pellets particularly to investigate the effect of the conducting nature of the oxide on DOER.
The results showed that TiO, pellet acted as a conductor by itself whereas SiO, pellet strictly
followed three phase interline (conductor-oxide-melt) mechanism during electrochemical
reduction. Electrochemical reduction studies were also carried out on TiO, powder sintered at
1423 K and 1673 K in molten CaCl,. The reduction was found to be better with the powder
sintered at 1423 K. In Chapter 5, the electrochemical reduction studies carried out on UO, were
discussed. Analysis of the partially reduced samples from experiments, carried out in CaCl,-
48mol.% NaCl melt at 923 K, showed that the electrochemical reduction of UO, to U metal
occurred directly without the formation of ternary intermediate compounds and sub-oxides of
uranium. The rate of electrochemical reduction increased with increase in time of electrolysis,
temperature, applied voltage and open porosity of pellets whereas it decreased with increase in
temperature from 923 K to 1173 K. This was attributed to the sintering of the uranium metal to
form a nonporous layer on the surface of the pellets. Studies carried out in LiCl-KCI-CaCl, melt at
673 K established that the reduction of UQ, is feasible in the melt. Chapter 6 is dedicated to the
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development of a new method for the determination of the extent of reduction in the partially
reduced UO, samples obtained from DOER studies. The method is based on the use of a fuel cell
type, polymer electrolyte based, hydrogen sensor for the online measurement of the hydrogen
released during the dissolution of uranium metal from partially reduced U-UO, mixtures in acid.
From the amount of the liberated hydrogen, the amount of uranium metal in the sample and
hence the extent of reduction of UO, was determined. Chapter 7 summarises the results of all
the chapters and projects some unexplored areas where there is a scope for further work.
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study of the electrochemical reduction of solid SiO, in LiCl and CaCl, melts, Proceedings of
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Title : Lentiviral Vector Mediated Gene Transfer as an Antiviral

and Antitumoral Intervention Strategy
Abstract

Lentiviral Vectors have emerged as promising tools for gene delivery for both in vitro and in vivo
studies. Our laboratory earlier reported development of an Indian HIV-2 isolate derived LV with a
novel versatile MCS; the isolate was also propagated in this laboratory. In the present thesis, we
report use of this LV for targeted gene delivery and other modifications in the LV backbone to
expand its potential utility.

We have achieved targeted gene delivery into specific cell types by engineering LV with chimeric
molecules, receptors/co-receptors and envelope proteins from other virus. A novel envelope was
developed by fusion of Galectin-3 and VSV-G transmembrane domain and LV pseudotyped using
this envelope was shown to efficiently transduce B16F10 cells. Using a B16F10 mouse melanoma
mouse model, we acheived targeted reporter gene delivery into the desired cells. Using HIV entry
receptors like CD4/CXCR4 and/or CCR5 as envelopes for pseudotyping LV, HIV envelope
expressing cells (HIV 1 infected SupT1 cell line) was specifically targeted and transduced with no
transduction in the uninfected cells. Envelope proteins of HHV6 (light and heavy chain envelope
glycoproteins) were successfully utilised to pseudotype LV. These pseudotyped LV showed
selective tropism for SUPTI (T cell line) with moderate transduction efficiency and good stability
even after concentration by ultra-centrifugation.

In the second part, we report the first LV derived single step assay for evaluation of drug
candidates that can potentially inhibit HIV replication by interfering with Rev-RRE mediated HIV
MRNA transport. This antiviral screening assay ensures that the only manipulation required in the
assay is addition of the putative interfering drug which ensures complete bypassing of the time
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consuming transfections/ co-transfections or cell viability based assay. Two compounds, PRF and
K-37 were used to prove the efficacy of the assay. Availability of a cell line with LV integrated
indicator constructs offers a selection free cell line and both the drugs showed similar end point

profiles confirming the specificity of this assay.

Another study was aimed at generation of a regulatable platform for controlled gene expression
of our HIV-2 vector. To achieve this, a drug inducible single LV construct was developed and
stable cell lines were generated using these inducible constructs. The efficiency of the constructs
was confirmed by regulated expression of the reporter genes in the presence of the doxycycline.
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Bunch Compressor)
Abstract

The aim of the thesis is the beam optics design of a transfer line (Transfer Line-2) for CTF3 at
CERN with the ability to compress the electron bunch length under the given constraints. A study
of different optics usually employed for bunch length compression is also carried out.

The optics of bunch compressors are studied for two different cases i.e. in one case, the exit
beam from bunch compressor is along the same axis as of the incoming beam in the bunch
compressor and second case includes where the exit beam is shifted parallel from the incoming
beam. In first case, a very general optics often employed is the chicane optics. But in this optics,
Rss, Which is the major optical parameter to compress the bunch length, has a fixed value. In
thesis, by including quadrupole magnets in chicane optics tuning range of Rsg is analyzed along
with its chromatic behavior. Thesis also includes similar studies of two different arcs, in which
beam at the exit is shifted parallel to the axis of incoming beam.

The thesis focuses on a design of beam optics, carried out for Transfer Line-2 (TL-2) of CTF3 for a
very wide tuning range of Rsg (-0.30 m to +0.30 m) to compress the bunch length. The design
satisfies all the requirements of CERN, which also include utilization of available magnets and
installation of the line in a given geometry of the pre existing building. The bunch length at the
entrance of the line is 8.3 ps, which is to be compressed to ~1.5 ps.

At such short bunch length, second order effects of the magnetic optics also become important.
Bunch length can be deteriorated by the second order aberration in optics and major second
order aberration for bunch length deterioration is Tses. In order to correct Tsgs, @ Nnew sextupole
scheme has been evolved and has been applied successfully in entire range of Rsg tuning in this
transfer line, keeping dilution in transverse emittance below 10%.

When electron travels in a curved path inside the dipole magnet, it emits synchrotron radiation.
At shorter bunch length, the emitted radiation can become coherent. Coherent Synchrotron
Radiation (CSR) can increase the bunch length and also can dilute the transverse emittance.
Detailed simulation studies are carried out to quantify the effect of CSR on bunch length and
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transverse emittance in TL-2, which is found to be insignificant in the domain of operation of this
line.

In addition, the exact analytical expressions of transfer functions of a hard edge dipole magnet
using a basic geometrical approach has been derived. This new formulation shows that higher
order effects are more pronounced in longitudinal plane and therefore have more importance for
the optics of bunch compressors. Application of these expressions to chicane type bunch
compressors shows deviation in results for bunch length obtained using computer codes which
simulate up to third order. This expression can be used in quick estimation of bunch length and
emittance more accurately.
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Fluids

Abstract

To comprehend how the complex and diverse environments of ionic liquids and reverse micelles
influence processes such as solute rotation and photoisomerization the present work has been
undertaken. This thesis examines rotational diffusion of a pair of structurally similar nonpolar and
ionic solutes in 1-alkyl-3-methylimidazolium-based ionic liquids with strongly and weakly
associating anions. The results have been analyzed with the aid of Stokes-Einstein-Debye
hydrodynamic and quasihydrodynamic theories and the observed deviations have been
explained by considering the organized structure of these ionic liquids. In the case of
imidazolium-based ionic liquids with strongly associating anions, the influence of organized
structure on solute rotation has been observed. However, in case of weakly associating anions,
the affect of organized structure on solute rotation becomes significant only when the number of
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carbon atoms in the alkyl chain attached to imidazolium cation exceeds eight. Besides these
rotational diffusion studies, photoisomerization studies have been investigated in ionic liquids to
find out whether the process of photoisomerization of carbocyanine derivative is different
compared to that observed in conventional solvents and also test the applicability of Kramers
model. As in case of alcohols, the isomerization data could not be explained by the hydrodynamic
Kramers model. Therefore, to improve agreement between experiment and theory, frequency
dependence of the medium needs to be considered. The factor of two higher activation energy
obtained for solute isomerization in ionic liquids compared to alcohols is probably due to the
organized structure of the medium, which hinders the excited-state twisting motion. Apart from
ionic liquids, photoisomerization of carbocyanine derivatives has been carried out in AOT reverse
micelles to identify the parameter that characterizes interfacial friction. An inverse correlation
has been obtained between nonradiative rate constants and critical packing parameter,
indicating that the interfacial friction experienced by the solute molecule is essentially described
by this parameter.
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Abstract

Present thesis aims to understand the chemical biology of action of two aureolic acid antibiotics,
mithramycin (MTR) and chromomycin A3 (CHR) and one plant alkaloid, chelerythrine
(CHL).Physico-chemical properties of antibiotics like the size and shape of antibiotics, degree of
ionization, state of aggregation play important roles in their mode of action. Studies of the
association of these small molecules with the potential cellular targets also throw light on their
mode of action.

The 1% chapter is a compact review of literature related to the above small molecules. Among
them MTR and CHR have similar aglyconemoietybut differ in oligosaccharide side chains.The
difference in ionization properties of the antibiotics, MTR and CHR was studiedby means of
optical spectroscopic methods and calorimetric techniquesin Z”dchapter. lonization constants
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(pK,) of MTR and CHR are 5.5 and 7.0, respectively. Different sugars and specific modifications of
the sugars are responsible for the different ionization property of MTR and CHR.

In 3"chapterself-associationof CHR inneutral and anionic forms has beenexamined by means of
spectroscopic and calorimetric techniques. The mode of aggregation was also characterized by *H
NMR studies.Oligomerization of neutral and anionic forms of CHR starts at low concentrations
and sugar moieties play key roles in this process.

The 4"™chapter focuses onthe association of a biologically important divalent transition metal ion,
Mn**, with MTR. The association leads to formation of complex,[(MTR), Mn*"]. The complex
binds to chromatin and chromosomal DNA.The association process has been examined. The
effect of the MTR upon properties of the metalloenzyme, MnSOD, has been studied.

In 5"chapter the binding of chelerythrine (CHL)with chromosomal DNA and four synthetic
polynucleotides, poly(dG-dC), poly(dG).poly(dC), poly(dA-dT) and poly(dA).poly(dT), are studied.
The results show that association of CHL with polynucleotide is sequence dependent. Studies on
the association of CHL with chromatin and its components show that the presence of associated
histone proteins in chromatin and chromatosome has a negative effect upon DNA-binding
potential of CHL.The results help us to understand an additional mode of action of CHL.
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biology,2012, Sahalnstitute of Nuclear Physics, Kolkata.

2. “Association of Mithramycin with essential trace element Cu®* and its interaction with
metalloenzymes Cu/Zn Superoxide dismutase (SOD1) and metallo B-Lactamase
(MBL)”,ShibojyotiLahiri,ShreyasiDuttaand DipakDasgupta,Recent advances in chemical and
physical biology, 2012, Sahalnstitute of Nuclear Physics, Kolkata.

3. Chemical biology of the additional therapeutic potential of aureolic acid group of
antibiotics”, ShibojyotiLahiri, ShreyasiDutta, P. Grihanjali Devi, and DipakDasgupta, EMBO
Conference Series Chemical Biology, 2012, EMBL Heidelberg, Germany.

4. “Association of antitumor antibiotics Mithramycin with Mn*" and biological significance of
the association”,ShreyasiDutta and DipakDasgupta, Photosciences: Contemporary
Challenges and Future Perspectives, 2013, Jadavpur University, Kolkata
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Title : Effects of Methylxanthine on STAT3 Mediated Regulation

of Cytokines Involved in Tumor Development and Tumor
Induced Sugiogenesis in Melanoma Cells
Abstract

Metastasis, rather than the primary tumor is the major cause of mortality in majority of cancer
patients. To cut down this mortality, improved ways or novel therapies are urgently needed.
Pentoxifylline (PTX), a non-specific phosphodiesterase inhibitor, is a FDA approved drug for
treatment of peripheral vascular disease. The present work unravels the anti-metastatic and anti-
angiogenic effects of PTX with underlying molecular mechanism in human A375 melanoma cells.
Despite minimal toxicity to normal cells, PTX at sub-toxic doses inhibited cellular growth and
proliferation of cancer cells by inhibiting cell cycle progression from G1/S phase and also by
induction of apoptosis. Cells treated with PTX showed an inhibition in adhesion to ECM substrate
matrigel and type IV collagen. Activity of MMP2 and MMP9 was decreased on PTX treatment.
Cell treated with PTX showed abnormalities in cytoskeletal structures and impaired cellular
migration. STAT3 is constitutively activated in majority of human cancers and regarded as a
druggable target. PTX inhibited constitutive as well as IL6-inducible STAT3 activation in a dose
dependent manner. This inhibition was partly mediated through the inhibition of upstream
kinases pJAK1 and pJAK2. PTX also inhibited STAT3 nuclear translocation and binding of STAT3 to
DNA. Expression of various STAT3 regulated gene products, such as cylinDIl, cMyc, BclXI, HIFa,
VEGF, MMP2 and MMP9 were downregulated following PTX treatment. Further investigation of
the underlying mechanism revealed that PTX inhibited pp38 MAPK, SAPK/JNK and pAkt
expression. PTX treatment significantly inhibited solid tumor growth induced by sub-cutaneous
route in vivo and also inhibited tumor induced angiogenesis in intra-dermal xenograft model.

Publications

1. Mohammad Zahid Kamran, Rajiv P. Gude. Pentoxifylline inhibits melanoma tumor growth
and angiogenesis by targeting STAT3 signaling pathway. Biomedicine & Pharmacotherapy,
67 (2013) 399-405.

2. Mohammad Zahid Kamran, Rajiv P. Gude. Preclinical evaluation of the antimetastatic
efficacy of Pentoxifylline on A375 human melanoma cell line. Biomedicine &
Pharmacotherapy, 66 (2012), 617-626.\

3.  Mohammad Zahid Kamran, Prachi Patil, Rajiv P. Gude. Role of STAT3 in Cancer Metastasis
and Translational Advances. BioMed Research International, Volume 2013, Article ID
421821, 15 pages, http://dx.doi.org/10.1155/2013/421821.

4, Mohammad Zahid Kamran, Prachi Patil, Kavita Shirsath, Rajiv P. Gude. Tyrosine Kinase
inhibitor AG490 inhibits the proliferation and migration and disrupts actin organization of
cancer cells. Journal of Environmental Pathology, Toxicology and Oncology, 32 (2013), 361-
371.

List of conference abstracts:

1. Mohammad Zahid Kamran, Rajiv P. Gude. Pentoxifylline as an inhibitor of oncogenic
signaling pathways: molecular mechanism and clinical implication. Signaling and acquired
resistance to targeted cancer therapeutics. 5-7 January, 2014, Robinson College, University
of Cambridge, United Kingdom, (Poster presentation).

2. Mohammad Zahid Kamran, Rajiv P. Gude. Hemorrheological agent Pentoxifylline
modulates oncogenic signaling pathways: an old drug with new perspectives. Current
Advances in Immunobiology and Cancer. 28-30 November, 2013, Mumbai, India, (Poster
presentation).
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3. Mohammad Zahid Kamran, Rajiv. P. Gude. Novel mechanistic insights for
phosphodiesterase inhibitor Pentoxifylline: as a STAT3 inhibitor. 4™ International
Conference on Stem Cells and Cancer (ICSCC-2013): Proliferation, Differentiation, and
Apoptosis. 19 - 22 October, 2013, Mumbai, India, (oral presentation).

4, Mohammad Zahid Kamran, Rajiv P. Gude. Pentoxifylline inhibits melanoma tumor growth
and angiogenesis by targeting STAT3 signaling pathway: Novel mode of action(s) for an old
drug. 81°" Annual meeting of the Society of Biological Chemist (I). 8-11 November, 2012,
Kolkata, India, (poster presentation).

5. Mohammad Zahid Kamran, Rajiv P. Gude. Pentoxifylline inhibit melanoma angiogenesis via
STAT3 signaling pathway. AACR International Conference: New Horizons in Cancer
Research: Biology to Prevention to Therapy. 13-16 December, 2011, New Delhi, India,
(poster presentation).
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Repetition Rate Ultraviolet Radiation from Frequency
Converted Copper Vapour Laser
Abstract

Fiber Bragg gratings (FBGs) are written by inducing refracting index modulation in the fiber core.
The present thesis comprises of experimental and analytical works on the FBG fabrication by 255
nm UV beams. The high repetition rate (5.6 kHz) and low pulse energy (~ 50pJ) UV beams of
nano-second duration (20-30 ns) were generated from second harmonic (SH) of copper vapour
laser (CVL, 510 nm). An efficient FBG inscription set up has been developed and utilized for
fabrication of type |, type llA and tilted FBGs in Ge-doped and Ge- B co-doped single mode fibers.
The FBG fabrication was theoretically analyzed. The FBGs were stabilized by thermal annealing
for application in high temperature sensing.

The UV beams of different spatial characteristics were generated from SH conversion of CVL in
unstable and filtering resonators. Various CVL/UV beam parameters were studied. Experiment
and analysis were carried out to study the effect of UV beam pointing stability and spatial
coherence on contrast and stability of UV fringes and subsequently on FBG writing. The FBG
growth characteristics were studied. The growth and saturation of refractive index modulation
changed with change in fibre composition and UV beam coherence. A physical model of photo-
induced refractive index modulation incorporating fringe contrast was used to analyze and
explain the observed results. This model was further extended by incorporating UV beam energy
distribution and its focusing to explain the dynamic evolution of reflection spectrum during FBG
inscription. The model facilitated the active control of the FBG writing and post fabrication
processing. The FBGs of different length (2 mm to 10 mm), bandwidth (0.2 nm to 1 nm) and
reflectivity (up to maximum of 99.98 %, 38 dB) have been written, in times as short as few
minutes. The FBG writing was also carried out by a biprism interferometer. This technique is cost
effective and convenient choice for Bragg wavelength tuning. Numerical analysis was carried out
for maximizing the FBG reflectivity and wavelength tuning. It is analytically shown that the fiber
position of maximum reflectivity in biprism fringe depth is dictated by the UV beam divergence,
beam radius and biprism refraction angle. The observed FBG reflectivity of 99.7 % (~ 12 dB) is one
of the highest reported for biprism based writing. Thermal response of FBGs were studied in the
temperature range of 25 °C to 900 °C. The observed temperature sensitivity of a typical FBG was
of the order of 11 pm/°C. However, the temperature sensitivity increased with increase in
temperature. This was different for FBGs written in different fiber types. A theoretical analysis
was carried out on the factors affecting the shift of Bragg wavelength with change in
temperature. It demonstrated that the non-uniform behavior of temperature sensitivity in a bare
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FBG is the combined effect of thermal expansion coefficient of fiber and temperature derivatives
of effective refractive index. The temperature sensitivity of embedded FBGs increased with the
increase in fractional strain transfer from the substrate. The FBGs in Ge-B co doped fiber
sustained temperature up to about 600 °C- 650 °C. In contrast, the Ge-doped fiber sustained
temperature up to ~ 900 °C. Based on these studies, FBG based single point high temperature
sensors have been developed. It is analyzed the lower thermal release rate and higher energy
depth of trapped population in Ge-doped FBGs leads to higher temperature sustainability.

Overall, this thesis work consists of eight chapters. The work arising from the present thesis led
to about 10 publications in referred journals of high repute, supplementing a very limited
literature available in FBG fabrication using high repetition rate 255 nm UV sources.

Publications

Journal

1. “A study on the non-uniform behavior of temperature sensitivity of bare and embedded fiber
Bragg gratings: Experimental results and analysis” R. Mahakud, J. Kumar, O. Prakash and S. K.
Dixit, Applied Optics, 2013, 52, 7570-7579.

2. “Analysis of ultraviolet fringes contrast on first and second order Fiber Bragg gratings written
by prism interferometers” R. Mahakud, J. Kumar, O. Prakash and S. K. Dixit, Optical
Engineering, 2013, 52,0761141-6.

3. “Analysis on the effect of UV beam intensity profile on the refractive index modulation in
phase mask based fiber Bragg grating writing” R. Mahakud, O. Prakash, J. Kumar, S. V. Nakhe
and S. K. Dixit, Optics Communications, 2012, 285, 5351-5358.

4. “Analysis on the saturation of refractive index modulation in fiber Bragg gratings (FBGs)
written by partially coherent UV beams”, R. Mahakud, O. Prakash, S.V. Nakhe and S. K. Dixit,
Applied Optics, 2012, 51, 1828-1835.

5. “Analysis on the laser beam pointing instability induced fringe shift and contrast dilution
from different interferometers used for writing fiber Bragg grating” R. Mahakud, O. Prakash,
S.K. Dixit and J.K. Mittal, Optics Communications, 2009, 282, 2204 - 2211.

6. “Enhanced temperature (~ 800 °C) stability of type lla fiber Bragg grating written in Ge doped
photosensitive fiber”, O. Prakash, J. Kumar, R. Mahakud, S. K. Agrawal, S. K. Dixit and S. V.
Nakhe, IEEE photonics technology letters, 2014, 26, 93-95.

7. “Studies on thermal regeneration and temperature stability of type-I FBGs written in Ge- B
codoped and Ge-doped fibers by a kHz repetition rate nanosecond 255nm beam” J. Kumar, R.
Mahakud, A. Mokhariwale, O. Prakash, S. K. Dixit and S. V. Nakhe, Optics Communications,
2014, 320, 109-113.

8. “HF based clad etching of Fiber Bragg grating and its utilization in concentration sensing of
laser dye in dye-ethanol solution”, J. Kumar, R. Mahakud, O. Prakash and S. K. Dixit, Pramana
Journal of Physics 2014, 82, 265-71.

9. “A study on HF based clad etching and chemical sensing characteristics of FBGs of different
reflectivity fabricated under different UV exposure times,” J. Kumar, R. Mahakud, O. Prakash
and S. K. Dixit, Optical Engineering 2013, 52, 054402-7.

10. “Effect of pulse to pulse variation of divergence, pointing and amplitude of copper vapour
laser radiations on their second harmonic and sum frequency conversion” O. Prakash, R.
Mahakud, S. V. Nakhe and S. K. Dixit, Optics & Laser Technology, 2013, 50, 43-50.

11. “Comparative study on second harmonic conversion and saturation characteristics of three
copper vapor laser beams of same average power and different spatial coherence”,
O.Prakash, R. Mahakud and S.K. Dixit, Optical Engineering, 2011, 50, 114201-6.

12. “Role of optical resonator on the pointing stability of copper vapour laser” S. K Dixit, R.
Mahakud, O. Prakash, R. Biswal and J. K. Mittal, Optics Communications, 2008, 281, 2590-
2597.
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Title : Studies on the Evaluation of Photodynamic Efficacy of
Chlorophyll Derivatives in Cancer Cells and Animal Tumor
Model

Abstract

The thesis deals with studies on the evaluation of the efficacy of Chlorin pg-histamine conjugate
(Cps- his) for photodynamic treatment (PDT) of cancer. These include (i) In-vitro studies on
uptake and phototoxicity of Cps and Cpg-his in oral cancer cell lines. Results showed that the
cellular uptake of Cpg-his was ~10 times higher than free Cps and the photo-toxicity is enhanced
by a factor of ~4. The expression of histamine H2 receptors in oral cancer cells and involvement
of these receptors in uptake of Cps-his is also confirmed, (ii) Investigations on intracellular
localization of Cpe-his. The results revealed that the primary target sites of Cpg-his are
endoplasmic reticulum (ER) and lysosomes which suggested that its uptake is mediated by
endocytosis. (iii) In-vivo studies on use of Cpg-his mediated PDT of chemically induced tumor in
hamster cheek pouch. These studies showed that as compared to Cpg, the tumor selectivity of
Cps-his was ~ 4 times higher and the tumors of size <1000 mm®’ regressed completely after PDT
whereas, for Cps complete tumor regression was seen for tumors of size <150 mm?>. Results also
showed that Cps-his clear rapidly from the skin due to which skin photosensitivity is expected to
be less. These results suggested that conjugating Cps to histamine is useful for improving the PDT
efficacy of Cpe. (iv) Studies on mode of transport and metabolic clearance of C/?s-his. Results
showed that as compared to Cpg, the biding affinity of Cps-his with serum albumin is lower which
would improve its bioavailability and thus may also contribute to higher uptake in tumor.
Further, the inhibition of Cytochrome P450 enzymes by C/?s-his was observed to be significantly
lower than that reported for protoporphyrin. This would imply faster clearance and lower liver
toxicity.

Publications

Journals:

1. Conjugation of Chlorin p6 to histamine enhances its cellular uptake and phototoxicity in oral
cancer cells. A. Parihar, A. Dube and P. K. Gupta. Cancer Chemotherapy and Pharmacology.
2011,68:359-369.

2. Photodynamic treatment of oral squamous cell carcinoma in hamster cheek pouch model
using chlorin p6-histamine conjugate. A. Parihar, A. Dube and P. K. Gupta. Photodiagnosis
and Photodynamic Therapy, 2013, 10:79-86.

Conferences:

1. Tumor selectivity and Photodynamic treatment efficacy of chlorin p6-histamine
conjugate in Hamster cheek pouch tumor model. A. Parihar, A. Dube and P. K. Gupta.
“13th IPA World Congress International Photodynamic Association” (10-14 May, 2011)
Innsbruck, Austria.

2. Conjugation of Chlorin p6 to histamine enhances efficacy of photodynamic treatment in
human breast cancer cells. A. Parihar, A. Dube and P. K. Gupta. “8th International
Symposium on Photodynamic Therapy and Photodiagnosis in Clinical Practice” (05-09
Oct., 2010) University of Padova, Brixen, Italy.

3. Evaluation of photodynamic efficacy of Chlorin p6-histamine conjugate in oral cancer cell
lines. A. Parihar, A. Dube, P.K. Gupta. “National Symposium on Frontiers in Photobiology”
24-26 Aug., 2009) BARC, India.
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Abstract

It has been observed for long time that the rates of BC differ in rural and urban areas.
However, there are very few studies in literature to address the reasons for the differences
in BC rates of rural and urban area. Obesity has been observed to be risk factor for
postmenopausal BC. However the contribution of different measures of obesity and their
role in pre- and postmenopausal women is still not clear. In Indian context, there are no
large studies to address the issue of reproductive factors, obesity, age at last pregnancy, OC
use in development of BC. Though there has been large GWAS on BC in most developed
countries showing low to modest associations between common polymorphisms and BC
risk. In India, however, there have been no GWAS and few properly designed retrospective
studies with smaller sample size on genetic susceptibility to study this risk.

The present thesis proposal is designed to understand more clearly the reasons for rural-
urban differences, and role of genetic susceptibility in development of BC.

Methodology : A hospital based case-control (female visitors) study was conducted at Tata
Memorial Hospital (TMH), Mumbai during the period of January 2009 to September 2013
with information collected on residential status, reproductive history and anthropometric
measurements. ER, PR and Human Epidermal Growth Factor Receptor 2 (HER2) status were
obtained from hospital pathology records. 10ml blood sample was collected from each
study participant and centrifuged into plasma and buffy coat. DNA extracted from buffy coat
were then genotyped for 384 SNPs in Illlumina Hi-Scan.

Results & Discussion : A total of 1637 cases and 1515 controls were enrolled in the study. A
statistically significant protection in risk of BC was observed in women who lived for first
twenty years of life in rural area as compared to women who lived less than 20 years in rural
area, as exposures in early life may be more important in the development of BC compared
to current exposures. A statistically significant difference (P = 0.018) in the prevalence of
TNBC tumours was observed in women who have lived first twenty years of life in rural area
(44.21%) as compared to women who have lived less than 20 years in rural area (34.39%).
The risk of BC significantly increased with every 2 year delay in pregnancy after age 25 in
women from both urban and rural areas. On stratifying into menopausal status, statistically
significant association was observed only in premenopausal women, while the
postmenopausal women showed increase but statistically non significant risk. This is
possibly because of homogeneity of population in relation to age at first pregnancy in older
cohort where the median age at first child birth is lower as compared to the women from
newer cohort. The current OC users using OC for more than 2 years showed increased risk
for urban women compared to women without use of OC (OR = 2.46; 95% Cl: 0.99-6.12).
The association may be interpreted as causal in urban India. As the association was
significant only for current users, it can be interpreted that OC may act as late-stage
promoters.

A protective association observed in premenopausal women (OR = 0.93; 95% Cl: 0.91-0.95)
with per unit increase in BMI (world) continued in women who had attained menopause
less than 10 years ago (OR = 0.95; 95% Cl: 0.92-0.98). No increase in risk in
postmenopausal BC could be observed possibly because of carry-over protective effect. A
strong significant increase (OR =1.85; P = 0.03) with dose-response was observed for
women with high BMI who attained menopause > 10 years ago from the date of
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enrolment. With every 0.1 increase in WHR the risk of BC increased (OR = 1.76; 95% Cl:
1.55-2.01), (OR = 1.55; 95% Cl: 1.29-1.86) (OR = 1.69; 95% Cl: 1.47-1.96) and (OR = 1.71;
95% Cl: 1.41-2.00) in urban, rural, premenopausal and postmenopausal women
respectively. In the present study the prevalence of WHR was higher in women residing in
urban as well as rural areas. Even with women for normal BMI, 34.4% had higher WHR in
the present study. This is consistent with thin-fat hypothesis of Asian -Indians [287], In the
present study, for every 5 cm increase in height the OR of 1.10 (95% Cl: 1.02-1.19) was
observed in the urban area and in premenopausal women (OR = 1.24; 95% Cl: 1.12-1.37),
but not in rural area (OR = 1.05; 95% Cl: 0.93-1.19) possibly because of the low prevalence
of taller women in rural areas.

The present study could replicate 7 SNPs from BC GW AS. Five SNPs were successfully
replicated out of 42 Candidate SNPs of BC used for analysis. SNPs selected from FGFR2
gene were positively associated with BC. 25 SNPs which were identified as a risk factor for
BC in the GWAS conducted in other populations did not replicate in the Indian population,
even though their prevalence was high (> 20%) indicating that they may not be a risk
factor in Indian population. The 3 SNPs which were highly prevalent in GWAS population
could not be replicated even if they were associated the attributable risk of the SNPs
remains low due to their low prevalence in the present study population. The genetic
susceptibility of SNPs associated with BMI and obesity in various GWAS were associated
with BC risk suggesting that BC is mainly driven by genes related to obesity. Fourteen SNPs
selected using Bioinformatics tool from candidate genes associated with obesity were first
time identified to be strongly associated with the BC risk and hence need further
validation.

Conclusion : current study demonstrates that protection observed for BC by living in a
rural area is possibly because of less prevalence of risk factors viz. late age at first full-term
pregnancy,

OC use and tallness. The central obesity common to both rural and urban is a strong risk
factor for BC. The study was successful in identifying new SNPs in obesity genes identified
using Bioinformatics tool, however their association would have to be replicated in other
studies particularly because they were not significant after adjusting for multiple
comparisons. This also indicates that the lifestyle factors are more important than the
genetic markers from public health point of view.

Publications
Journal

1. Rural urban differences in breast cancer in India. Nagrani RT, Budukh A, Koyande S, Panse
NS, Mhatre SS, Badwe R. Accepted in Indian Journal of Cancer.
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Tropical Marine Ecosystem of Trombay
Abstract

The work carried out under this dissertation deals with interaction of three important members
of the actinides i.e. Uranium (U), Thorium (Th) and Plutonium (Pu) in the marine ecosystem of
Mumbai Harbour Bay. The activity concentrations of U, Th and *°* **°Pu in seawater were ranged
from 1-4.4 pg L' (mean: 2.6 + 0.83 pg L), 70 — 250 ng L* (mean: 143 + 51 ng L") and 47 — 138
uBq L™ (mean: 86 + 30 uBq L™) respectively. These levels are on lower side compared to others
equivalent scenario internationally like La hague, France and Sellafield, UK reprocessing. Whereas
in case of bottom (grab) sediments, concentrations of 2**U, **Th and *°***°Pu in bottom
sediments of all locations ranged from 8.5 to 14 Bqgkg™, dry (mean:11.5 + 1.7 Bq kg™, dry), 21.5 to
61.2 Bq kg?, dry (mean: 40 + 11.4 Bq kg™, dry) and 0.16 to 1.5 Bq kg™, dry (mean: 0.7 + 0.4 Bq kg’
! dry). The spatial variability of *3U, ***Th and #*****°Pu in terms of coefficient of variation (CV)
throughout the studied area has been found to be 15.4%, 28.5% and 63 %. Experimental results
clearly indicates that distribution of >*®U, 2?Th and ?****°Pu in the marine ecosystem is highly
influenced by the concentration profiles of major and minor elements in different matrices of
marine ecosystem. kq values were evaluated under different geochemical conditions to
understand the role of sediments in scavenging and removing radionuclides from the aquatic
systems. The sorption parameters of U and Th obtained from the experimental results for
sediment-seawater and soil-groundwater systems were fitted to Freundlich, Linear and Langmuir
models. Thermodynamic parameters were evaluated to understand the sorption of uranium onto
sediment in seawater and compared with other geochemical environments such as soil —
groundwater/deionised water. The negative value of AG2 and positive value of AH? reflects that
sorption of uranium onto both sediment/soil systems are a spontaneous and endothermic
process under experimental conditions. The speciation of U, Th and Pu at various physico-
chemical parameters of marine environment was calculated by the speciation code MEDUSA.
This code includes an extensive thermodynamic data base along with HYDRA (hydrochemical
equilibrium constant database) speciation program and three main different algorithms for
creating chemical equilibrium diagrams. The ligands such as hydroxide, chloride, nitrate,
carbonate, fluoride, sulphate, phosphate and silicate are included. Since there are many
constraints while working with Pu as the concentration were very small, therefore various
conclusions were drawn on the basis of uranium.

Publications
1. Spatial Distribution an Accumulation of **Ra, **®Ra, *°K and *’Cs in Bottom Sediments of

Mumbai Harbour Bay”, Ajay Kumar, R.K. Singhal and P.M. Ravi, Journal of Radioanalytical
Nuclear Chemistry, (2013), Vol. 295(2), 835-839.

2. “Adsorption and kinetic behavior of uranium and thorium in seawater-sediment system”,
Ajay Kumar, R. K. Singhal and P. M. Ravi, Journal of Radioanalytical Nuclear Chemistry,
(2013), Vol. 295(1), 649-656.

3. “Spatial geochemical variation of major and trace elements in the marine sediments of
Mumbai Harbor Bay”, Ajay Kumar, R. K. Singhal and P. M. Ravi, Environmental Earth Science,
(2013), Vol. 70, 3057 — 3066.

4. “Thermodynamic parameters of U (VI) sorption onto soils in aquatic systems”, Ajay Kumar,
R.K. Singhal and P.M. Ravi, Environmental Earth Science (Springer Plus), (2013). Vol. 2 (1),
DOI: 10.1186/2193-1801-2-530.

5. “Modeling of **’Cs migration in cores of marine sediments of Mumbai Harbor Bay”, Ajay
Kumar, R.K. Singhal, P.M. Ravi and R.M. Tripathi, Journal of Radioanalytical Nuclear
Chemistry, (2014), DOI: 10.1007/s10967-012-2166-3.
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“Inventory, fluxes and residence times from the depth profiles of naturally occurring °Pb in
marine sediments of Mumbai Harbor Bay”, Ajay Kumar, R.K. Singhal, P.M. Ravi and
R.M.Tripathi, Environmental Earth Science, (2014), DOI 10.1007/s12665-014-3687-6.
“Application of Chemometric Methods for Assessment of Heavy Metal Pollution and Source
Apportionment in Riparian Zone Soil of Ulhas River Estuary, India”, Sabyasachi Rout, Ajay
Kumar and P.M. Ravi, International Journal of Environmental Sciences, (2013), Vol. 3(5)
DOI:10.6088/ijes.2013030500019.

“Groundwater Geochemistry Study of Estuarine Aquifer, Western India: Mumbai using
Chemometric and Conventional Techniques”, Sabyasachi Rout, Ajay Kumar and P.M. Ravi,
Journal of Advances in Chemical Science, (2012), Vol. 1, 1-9.

“Selective separation of iron from uranium in quantitative determination of traces of
uranium by alpha spectrometry in soil/sediment sample”, Singhal, R.K., Ajay, K., Ranade, A.
and Ramachandran, V., Applied Radiation and Isotopes, (2009), Vol. 67(4), 501-505.
“Mobilization of heavy metals from mineral phase and the speciation in potable aquifers
due to saline intrusion”, Sabyasachi Rout, Ajay Kumar, P.M. Ravi and R.M. Tripathi, Journal
of Energy and Environment, (2013), Vol. 64, 19049-19053.

Conferences

Estimation of total inventories and atmospheric fluxes of naturally occurring **°Pb from core
sediments of Mumbai Harbour Bay using radiometric dating, Ajay Kumar, Sabyasachi Rout,
P.M. Ravi and R.M.Tripathi, (2014), International Conference on Radiation Protection,
Culture- A global challenge (IRPA- 4) during 23 — 27, June, 2014 at Geneva, Switzerland.

A novel approach to determine the recent sedimentation rate in the Mumbai Harbour Bay
using 22®Ra/**°Ra geochronology, Ajay Kumar, Sabyasachi Rout, Manish K. Mishra, P.M. Ravi
and R.M. Tripathi, (2014), National conference on Advances in Radiation Measurement
Systems and Techniques, (IARPNC-2014), 19 — 21, March, 2014, BARC Trombay, Mumbai.
Effective vertical migration velocity and residence times of *’Cs in sediments of Mumbai
Harbor Bay using compartment models, Ajay Kumar, Sabyasachi Rout, P.M. Ravi and
R.M.Tripathi, (2014), National Symposium on Nuclear Analytical Chemistry (NAC-V), 20 — 24,
January, 2014, at BARC Trombay, Mumbai.

Salinity effect and pH dependence of chemical speciation and kinetic rate of U (VI) sorption
onto soil in groundwater system, Ajay Kumar, Sabyasachi Rout, Rupali Karpe and P.M. Ravi,
(2013), National Symposium on Environment (NSE-18), Anantapur (AP), 11-12, March, 2013
(BS Publications, Hyderabad, ISBN:978-81-7800-287-3).

A Comparative study of distribution coefficients (K4) for naturally occurring Uranium (U) and
Thorium (Th) in two different aquatic environments, Ajay Kumar, Rupali Karpe, Sabyasachi
Rout, Manish Kumar Mishra, Usha Narayanan and P.M. Ravi (2012), Radiation protection and
environment. Indian Association of Radiation Protection (IARPNC-2012), 15-17, March, 2012,
Mangalore University, Mangalore.

Particle size characterization and distribution of Ra-226 and Ra-228 as a function of depth in
Marine sediments, Ajay Kumar, Rupali Karpe, Sabyasachi Rout, Manish K. Mishra, V.M. Joshi
and P.M. Ravi (2012), National conference of Indian Aerosol Science and Technology
Association (IASTA-2012), 11 — 13, December 2012, Vashi, Navi Mumbai.

Sorption characteristics of uranium and thorium in seawater —sediment system, Ajay Kumar,
R.K. Singhal, Sabyasachi Rout, Usha Narayanan, Rupali Karpe, and P.M. Ravi (2012),
International Conference on Sediment Management, (12SM-2012), 20-22, March, 2012,
Alibaug, Raigad . (Received Best Paper award as the best contributory paper presentation).

Spatial Distribution of *°Ra, **®Ra, “°K and "*’Cs in grab sediments of Mumbai Harbour Bay,
Ajay Kumar, R.K. Singhal, Sabyasachi Rout, V.M.Joshi, Rupali Karpe, and P.M. Ravi (2012),
International Conference on Sediment Management, (12SM-2012), 20-22, March, 2012,
Alibaug, Raigad.
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9. Chemical speciation modeling of uranium, thorium and ******° Py in seawater of Mumbai
Harbour Bay, Ajay Kumar, R.K. Singhal, Sabyasachi Rout and P.M. Ravi (2012), International
conference on Sediment Management, (12SM-2012), 20-22, March, 2012, Alibaug,Raigad.

10. Principal Component Analysis (PCA) for Assessment of Heavy Metals Pollution in Sediments
of Mumbai Harbour Bay, Ajay Kumar, R.K. Singhal and Sabyasachi Rout, International
Conference on Sediment Management, (12SM-2012),20-22, March, 2012, Alibaug, Raigad.

11. Source Apportionment of Heavy Metals in the Groundwater Sediments of Estuarine Regions
in Mumbai, Sabyasachi Rout, Ajay Kumar, Manish Kumar Mishra, and P.K.Sarkar (2012),
International Conference on Sediment Management, (12SM-2012), 20-22, March, 2012,
Alibaug, Raigad (Received Best Paper award as a Young Scientist Presentation Award).

12. A Chemometric Approach to Characterize Chemistry of Estuarine Soil of Mumbai, India,
Sabyasachi Rout, Ajay Kumar, P. K. Sarkar, Manish K. Mishra, and P. M. Ravi (2012), Indian
Analytical Science Congress, 27-28 January, 2012, Kanyakumari, Tamilnadu.
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Abstract

Polydiallyldimethylammonium chloride (PDADMAC) is a cationic polyelectrolyte which has
generated immense interest partly because of its unique polymerization chemistry which is
relevant to fundamental studies and also due to its applications in many industries. Although a
large number of polymers are processed by radiation for various applications, there is very little
information available about the interaction of high energy radiation with DADMAC and
PDADMALC. In this thesis, gamma radiation effect on DADMAC and its polymer; immobilization of
PDADMALC for potential applications and PDADMAC assisted synthesis of gold nanoparticles were
investigated. Detailed thermal characterization of DADMAC and radiation synthesized PDADMAC
were also carried out

The reactions of the monomer and polymer with transient species produced by radiolysis of
water, namely e,; and *OH were studied in the nanosecond timescale by means of pulse
radiolysis technique. Polymerization of DADMAC was initiated by gamma radiation and the
various parameters affecting yield of the polymer were evaluated and subsequently, the polymer
produced was characterized by various techniques such as UV-Visible, FT-IR, H-NMR and C- NMR.
Based on the structural analysis of the polymer a mechanistic pathway for its formation was
suggested. Thermal behavior of DADMAC and radiation synthesized PDADMAC were studied
using TGA and DSC techniques and important kinetic parameters associated with the various
phase transitions and decompositions of the polymer were evaluated. Based on these
observations, a convenient thermogravimetric method was developed to determine the degree
of conversion of DADMAC to PDADMAC during polymerization.

In order to realize the potential of quaternary ammonium group for practical applications,
PDADMAC was immobilized on an inert support by two methods, namely, radiation induced
grafting and a radiolytic encapsulation procedure. DADMAC was successfully grafted onto
polyethylene substrate by employing a two step grafting procedure and many of the factors that
exert a strong influence on the grafting yield were investigated. For immobilization of PDADMAC
in the core of polyethersulfone microcapsule, a radiolytic process was developed and it was
demonstrated that the functionalized microcapsule could absorb and exchange anions such as F,
CP, Br, NO3 " and SO, " at ppm level concentration.
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In a part of the study, PDADMAC was employed as a capping agent for the synthesis of gold
nanoparticles under gamma radiolytic conditions. Stable spherical gold nanoparticles and gold
nanoparticles having triangular and hexagonal shapes could be synthesized in abundant yield by
adjusting the experimental conditions. A photochemical method was also developed employing
PDADMAC as the shape controlling capping agent. This method, in addition to producing the
usual gold nanoplates, could afford the synthesis of concave nanoplates which are reported to be
effective catalyst for various organic oxidation reactions.

Publications
Journals

1. “Size tunable synthesis of gold nanoplates by gamma irradiation in presence of
polydiallyldimethylammonium chloride as the capping agent”, Sanju Francis, J. Nuwad, Alka
Gupta, J. K. Sainis, R. Tewari, Nidhi Gupta, D. Mitra and Lalit Varshney, J. Nano. Res. (2013)
23:57.

2. “Sunlight mediated synthesis of PDDA protected concave gold nanoplates”, Sanju Francis, J.
Nuwad, Alka Gupta, J. K. Sainis, R. Tewari, D. Mitra, Lalit Varshney, J. Nanopart Res. (2013)
15:1482.

3. “Radiation-induced grafting of diallyldimethylammonium chloride onto acrylic acid grafted
polyethylene”, Sanju Francis, B.R. Dhanawade, D.Mitra, Lalit Varshney, Sunil Sabharwal
Radiation Physics and Chemistry (2009) 78: 42.

4, “Poly(DADMAC) encapsulation in PES microcapsules utilizing gamma radiation”, Sanju Francis,
Lalit Varshney, Keesari Tirumalesh, Sunil Sabharwal, Radiation Physics and Chemistry (2009)
78:57.

5. “Thermogravimetric Approach for Determining the Degree of Conversion in Radiation-
Polymerized DADMAC”, Sanju Francis, Lalit Varshney, Debasish Mitra, Sunil Sabharwal
Journal of Applied Polymer Science, (2009) 111: 668.

6. “Thermal degradation behavior of radiation synthesized polydiallyldimethylammonium
chloride”, Sanju Francis, Lalit Varshney, Sunil Sabharwal, European Polymer Journal (2007)

43:2525.
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Title : Formality of Certain CW Complexes and Applications

Abstract

Let X be a simply connected space having rational homology of finite type. Suppose X is a formal
space in the sense that its minimal model can be constructed from (H*(X; Q), 0). Let Y =X U, e"
where a: $"* A X is a continuous map. In this thesis we obtain a criterion for formality of Y in
terms of [a] £ n,.4(X). In another direction, we consider maps between grass manifolds. Let G,
denote the complex Grassmann manifold of all k-dimensional vector subspaces of C". Using the
fact that any map f: G,,x » G is formal, we shall show that the set [G,, G,,«] of homotopy
classes of maps is finite if 1 <k < [n/2j,1 <1< [m/2j k<, m —I>n—kandm—1>2k’ —k —1
or 1<k < 3. We obtain some applications of this result. we now give more precise statements of
the main results of the thesis.

Theorem 1. Suppose that X is a simply connected space and is formal. Let = A(V) and suppose that
V = ©fc>oV, is a standard lower gradation of V. Let Y = X U, e". Suppose that n([a]) = 0 so that
j*(u) =:u =0. (i) If [a] £ n,1 (X) is a torsion element then u is indecomposable and Y is formal. (ii)
Let [a] = 0 in n®4(X). Suppose that (v, [a]) = 0 for all v £ V, G V", k =1, and that u is decomposable
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in H*(Y; Q). Then Y is formal. (iii) If [a] £ n,4(X) is not a torsion element and u is not
decomposable, then Y is not formal. In cases (i) and (ii), the inclusion i: X 2 Y is formal.

Theorem 2. Let1<k<[n/2_|, 1< 1< [m/2jand k < |, where m,n are positive integers such that m
— I >n — k. Suppose that (i) m — | > 2k> — k — 1 or 1 < k < 3. Then the set [(Gms)o, (Gnik)o] OF
homotopy classes of continuous maps consists of only the class of constant maps and
consequently the set [G,.», G,,«] of homotopy classes of maps is finite

Publications

1. Prateep Chakraborty and Parameswaran Sankaran, Formality of certain CW complexes
and applications to Schubert varieties and torus manifolds, J. Ramanujan Math. Soc.
Special Issue in honour of C. S. Seshadri, 28A (2013), 55-74.

2. Prateep Chakraborty and Parameswaran Sankaran, Maps between certain complex
Grassmann manifolds; Topology and its Applications, 170 (2014), 119-123,
(arXiv:1312.4743).

3. Prateep Chakraborty and Parameswaran Sankaran, Errata: “ Formality of certain CW
complexes and applications to Schubert varieties and torus manifolds ”, to apprear in J.
Ramanujan Math. Soc. ( arXiv:1301.5421).
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at LHC Energies
Abstract

The main goal of ultra relativistic heavy-ion collisons is to investigate the strongly interacting
matter, called the Quark Gluon Plasma (QGP), expected to produce in such collisions. The Large
Hadron Collider (LHC) at CERN provides a unique opportunity to study such strongly interacting
matter at extreme energy densities.

The short lived resonances are very useful tool in high energy collisions to study the dynamics
and properties of a strongly interacting medium. In particular, the K*°(892) meson is important
because its lifetime (4 fm/c) is comparable to the time scale of the hot and dense matter
produced. Owing to short lifetime, the characteristic properties such as mass, width, yield and
transverse momentum spectra of K*° is very sensitive to the dynamics and in-medium effects.
Basically the decay products of K*°, the pions and kaons, may undergo in-medium effects. The
decay products of high momentum resonances have a larger probability to escape the system
and thereby detected, while that of low momentum resonances can be re-scattered by other
hadrons present in the medium. Thus, we cannot reconstruct back the resonance and the signal
is lost. On the other hand, the pions and kaons in the medium can re-generate K*° via pseudo-
elastic interactions (Kn ! K*° | Kn) during the phase between the chemical freeze-out (when
inelastic collision ceases) and the kinetic freeze out (when elastic collision ceases). This re-
generation process could compensate for the K*° yield, lost in re-scattering, if the system formed
has a long expansion time. It was observed that the pion-pion interaction cross section is five
times larger than the kaon-pion interaction cross section. The pion-pion interaction cross-section
is responsible for the re-scattering, while the kaon-pion cross-section for the re-generation
processes. Thus, the interplay of the two processes, re-scattering and re-generation, will decide
the final resonance yield and a resonance to non-resonance particle ratio can be used to
understand these processes. Since the K*° and K have different masses and spins, but they have
identical quark content, the K*°/K" ratio can be used as a tool to understand the re-scattering and
re-generation processes in the hadronic phase. The production of K*° has been measured in STAR
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experiment at RHIC, which shows the dominance of re-scattering effect over the re-generation
mechanism. In this thesis, we will present the results of K*° production via its hadronic decay
channel (K*° 1 n'K + and K*° | n+K') at mid rapidity (-0.5 <y < 0.5) in Pb+Pb collisions at syy = 2.76
TeV and in minimum bias p+p collisions at v/s = 2.76 TeV. We will present the mass, width, yield
and transverse momentum spectra of K*° meson. This will enable us to understand the in-
medium effects and freeze-out conditions at unprecedented higher energies attained at the LHC.
The mean transverse momentum (hpy)) of K*° will be obtained and compared with other hadrons
and lower energy measurements to investigate particle production mechanism at LHC energies.
The particle ratio K*°/K™ will be obtained in different collision centralities in Pb+Pb collisions and
minimum bias p+p collisions. It will also be compared with lower energy measurements at SPS
and RHIC. Such results will shed light on the evolution of the hadronic medium formed at higher
energies and one can estimate the lower limit of the lifetime of the hadronic interacting phase.
Also, the K*°/K' ratio will be compared to 0/K ratio, which is expected to be less affected by the
hadronic interactions since the lifetime of 0 is about 10 times longer than that of K*°,

The nuclear modification factor R (ratio of yields of K*° in central to those in peripheral
collisions and appropriately normalized by the number of binary collisions) or R,, (scaled to p+p
collisions) are the variables to study the effect of the medium on K~ production in heavy ion
collisions. These variables are very sensitive to the size and the density of the system formed in
such collisions. The R is expected to be less than unity if there is a creation of strongly
interacting matter. In addition, it can show baryon-meson splitting at intermediate p; region
where quark recombination model is expected to be followed. If the heavy-ion collision is a
simple super position of p+p collision, one would expect the value of R,, to be unity. Any value of
Ra less than unity at high transverse momentum (pr > 6 GeV/c) signifies the energy loss of the
high p; partons inside the hot and dense medium formed. In this thesis we will obtain the R, and
Ra Of K*° to understand the partons energy loss in the hot and dense medium formed in high
energy collisions. It will be compared with other particles to understand the baryon-meson effect
at intermediate pr.

The in-medium effects can also be studied through other observables like elliptic flow coefficient
V2. The v, of K*® at low pr could be modified due to the effect of hadronic re-scattering. In this
thesis, we will present the measurement of v, of K*° in non-central Pb+Pb collisions at A/syy =
2.76 TeV. The v, will be compared with that of other particles.

The high momentum heavy resonances can be used to look for the in-medium effects through
the study of correlation with respect to a jet or a leading particle. The resonance-jet correlation
in the same side and away side can distinguish between in-medium and in-vacuum fragmentation
by assuming that the same side resonance properties and production remain unaffected due to
surface bias, whereas the away side of the resonances are likely interacting with the hot and
dense partonic medium. The enhanced cross-section of jets at LHC energies make such study
more promising and interesting. In this thesis, we will present the study of K*°-jet correlation in
p+p collisions at v/s = 7 TeV. We will study the mass, width and yield of K*° with respect to the
leading particle. This analysis will be a baseline for the future study in Pb+Pb collisions.

The second part of the thesis deals with the production mechanism of another identified particle,
the photons. A Photon Multiplicity Detector (PMD) was build and installed at the LHC to provide
the photon multiplicity and pseudo-rapidity distribution at forward rapidity (2.3 < q < 3.9). The
photon measurement provides a complimentary information to that of charged pions as majority
of photons are the decay of neutral pions. Such a measurement extends our knowledge of
particle production to forward rapidities where one enters into a regime of small Bjorken x, in
which gluon saturation is expected to occur. In this thesis, we have developed a technique of
unfolding for PMD which is used for correcting the detector acceptance and efficiency. We will
present the multiplicity and pseudo-rapidity distribution of photons at 2.3 < g < 3.9 in p+p
collisions at ¥/s = 900 GeV. To understand the particle production mechanism in different rapidity
regions, we will compare our photon results at forward rapidity to that of charged particles at
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mid-rapidity. We will also compare the results with the expectation from various models like
PYTHIA and PHOIJET. These results will also be used to study the limiting fragmentation
behaviour at LHC energies.

Finally we will discuss through a phenomenological study of the production of identified baryons
(specifically protons and anti-protons) in proton-proton collisions at high energy. The study of
anti-proton to proton ratio (p/p) provides a valuable information to the production mechanism of
baryons. In this thesis, we will present the results of p/p ratio in p+p collisions at various beam
energies (23 GeV to 7 TeV) using different models PYTHIA, PHOJET and HIJING-BB. We will
compare our results of p/p ratio from various models with the available experimental data to
understand the mechanism of baryon production and baryon stopping at mid-rapidity in p+p
collisions.

Publications

1. K*(892)° and 0(1020) production in Pb-Pb collisions at "SNN = 2.76 TeV *
ALICE Collaboration (B. Abelev et al.), e-Print: arXiv:1404.0495v1 [nucl-ex], (Submitted to
Phys. Rev. C)

2. Production of K*(892)° and 0(1020) in pp collisions at pS = 7 TeV *
ALICE Collaboration (B. Abelev et al.), Eur. Phys. J. C72 (2012) 2183, e- Print: arXiv:1208.5717
[nucl-ex]

3. Strange hadron and resonance production in Pb-Pb collisions at psw = 2.76 TeV with ALICE
experiment at LHC*
Subhash Singha (for ALICE Collaboration), Nuclear Physics A904-905 (2013) 539¢-542c e-Print:
arXiv:1211.0187 [nucl-ex]

4. Hadronic resonance production with ALICE experiment at LHC"
Subhash Singha (for ALICE Collaboration), Proceedings of science (CPOD 2013) 055 e-Print:
arXiv:1306.0673 [nucl-ex]

5. Inclusive photon production at forward rapidities for proton-proton collisions at pS = 0.9, 2.76
and 7 TeV*
Under ALICE Collaboration review. (Target journal Eur. Phys. J C)

List of DAE Proceedings in India:

1. Energy dependence of anti-proton/proton ratio in p+p collisions”

Subhash Singha, P.K. Netrakanti, Lokesh Kumar and B. Mohanty, DAE symposium 2010,

http:// www.sympnp. org / proceedings/55/F17.pdf

2. Unfolding method for obtaining the photon multiplicity distribution at forward pseudo-
rapidity in high energy p+p collisions*

S.K.Prasad, Subhash Singha, B. Mohanty and S. Chattopadhyay, DAE symposium 2010,

http:// www .sympnp. org/proceedings/55/G37.pdf

3. K*°resonance production in Pb-Pb collisions at "SNN = 2.76 TeV*

Subhash Singha (for ALICE collaboration), DAE symposium 2012, http:// www.sympnp.

org / proceedings/56/F9.pdf

4. Expectation of photon multiplicity in p-p collisions at LHC energies*

Subhash Singha, S. De, B. Mohanty and T.K. Nayak, DAE symposium 2012, http://

www.sympnp. org / proceedings/56/F45.pdf
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Abstract

As of now, string theory is believed to be the most successful quantum theory of gravity and a
strong contender to be the fundamental microscopic theory of “everything”. It starts with the
idea that the world at its microscopic-most level is made up of some tiny stringy objects, which
vibrate, do all kinds of funny acts and finally come up with the macroscopic world we see
everyday. The different vibrational modes give rise to different elementary particles which we
had so far been thinking of as the fundamental constituents of the universe. In other words, the
long term goal of string theory is to provide a complete and universal microscopic foundation to
more macroscopic theories and phenomenologies, such as the standard model of particle physics
and Einstein's theory of gravitation, to name a few. However, string theory is a framework that
operates in such an ultra-high energy regime that this is far beyond the reach of even the most
modern particle accelerators like RHIC and LHC. But this is not really a matter to worry as such.
Asking whether string theory can explain the real world is probably as irrelevant as to ask
whether one can solve the problem of the oscillation of a simple pendulum in quantum field
theory. We need to remember, just like quantum field theory, the theory of strings is also a
framework, the justification whereof would probably be found from the theories derived from it.
With this aim in view string theory has expanded its horizon to other branches of theoretical
physics where the possibility of having a derived theory with greater testibility increases with a
decrement in energy scale. AdS/CFT correspondence is one such hypothesis derived in the string
framework that nurtures this possibility. AdS/CFT, as we would discuss in gory detail in due
course, is an illustrative realization of the old holographic principle which states that the degrees
of freedom of quantum gravity reside on the boundary space-time. This in turn gives rise to a
duality principle that maps the states in gauge theory to solutions in string theory living in one
higher dimension. Particular significance and predictibility of such a miraculous hypothesis can be
put to test when the t’"Hooft coupling and the rank of the gauge group of the gauge theory in
question becomes so high that it becomes intractable by traditional methods in quantum field
theory. Even in this case, the hypothesis ensures the “dual” theory to be a simple classical theory
of gravity with minimally coupled matter fields, namely the supergravity theory that is also
realized as some consistent trancation of string theory at low energy. The advantage of working
in supergravity limit of string theory is that unlike the full string theory which is a theory with
infinite degrees of freedom, here one has to deal with only finite degrees of freedom.

Publicaiaons

Anisotropic branes”,

1. Souvik Banerjee, Samrat Bhowmick, Sudipta Mukherji Phys. Lett. B 726, 461 (2013)
arXiv:1301.7194 [hep-th].

2. * “Generalized Holographic Cosmology ”, Souvik Banerjee, Samrat Bhowmick, Anurag Sahay,
George Siopsis Class. Quant. Grav. 30, 075022 (2013) arXiv: 1207.2983 [hep-th].

3. *“The holographic spectral function in non-equilibrium states ”,Souvik Banerjee,
Ramkrishnan lyer, Ayan Mukhopadhyay Phys. Rev. D 85, 106009 (2012) arXiv:1202.1521
[hep-th].

4. * “Black hole phase transitions via Bragg- Williams ”,Souvik Banerjee, Sayan K. Chakrabarti,
Binata Panda, Sudipta Mukherji Int. J. Mod. Phys. A 26, 3469 (2011) arXiv:1012.3256  [hep-
th].

5. *A Note on Charged Black Holes in AdS space and the Dual Gauge Theories
Banerjee, Phys. Rev. D 82, 106008 (2010) arXiv:1009.1780 [hep-th].

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

Interaction of different atomic [Xe,] and molecular [(CF,Br,),, (CHsBr),, (CHsl),] clusters with
nanosecond laser pulses of intensity ~ 10° W/cm? has been studied using time- of-flight mass
spectrometry. The time-of-flight mass spectra displays multiply charged atomic ions with broad
peaks, implying high kinetic energy of the ions. Generation of multiply charged atomic ions at
laser intensity ~10° W/cm” is unusual and thus a systematic study has been carried out to
understand laser-cluster interaction mechanism by varying different experimental parameters
such as laser wavelength, laser intensity, laser polarisation, cluster size, cluster composition etc.
Experimental results illustrate that charge state of atomic ions increases with increasing laser
wavelength. However, laser intensity does not affect the charge state of atomic ions under
gigawatt laser intensity conditions. A threshold cluster size was found to be essential for
observation of multiply charged atomic ions. For studies carried out on doped clusters, multiply
charged atomic ions of dopant molecule were also observed. Kinetic energy of the multiply
charged ions was determined under different experimental conditions. Kinetic energy was found
to increase with charge state of multiply charged atomic ions, cluster size and laser wavelength.
Further, charge density at the laser-cluster interaction zone was also measured for different
cluster system, at different laser wavelength. Charge density was found to increase with laser
wavelength for different atomic/molecular cluster, indicating efficient laser-cluster interaction at
longer wavelength leading to generation of higher charge states of atomic ions. The experimental
results obtained in the present work have been rationalized based on a three stage cluster
jonization model. According to the model, multiphoton ionisation of atoms/molecules of cluster
is the initial ionisation process which gives rise to quasi-free electron within the cluster. These
quasi-free electrons interact with the laser field and gain energy due to inverse bremsstrahlung
process and cause multiply charged ions within the cluster due to electron impact ionisation.
When the Coulombic forces overcome the cohesive energy of the cluster, cluster disintegrates
violently. Based on the experimental results of the thesis, following conclusions are drawn - a)
multiply charged atomic ions were observed in laser-cluster interaction at laser intensity as low
as ~ 10° W/cm? b) longer laser wavelength was found to facilitate generation of higher charge
state c) a threshold cluster size is essential for observation of multiple charge atomic ions.

Publications

1. Coulomb explosion of methyl iodide clusters using giga watt laser pulses in the visible region:
Effect of wavelength, polarisation and doping.” S. Das, P. Sharma and R. K. Vatsa. Journal of
Chemical Sciences 2009, 121 965-972.

2. “A technique for charge density measurement in laser-cluster interaction studies.” S. Das, P.
Sharma, A. Majumder and R. K. Vatsa. Journal of Indian Chemical Society 2010, 87, 165-172.

3. “Multiphoton ionisation and Coulomb explosion of C,HsBr clusters: a mass spectrometric and
charge density study.” S. Das, P. M. Badani, P. Sharma, R. K. Vatsa, D. Das, A. Majumder and
A. K. Das. Rapid Communications in Mass Spectrometry 2011, 25, 1028-1036.

4. “Size and wavelength dependent photoionisation of Xenon clusters.” S. Das, P. M. Badani, P.
Sharma and R. K. Vatsa. Chemical Physics Letters 2012, 552, 13-19.

5. “Diverse photochemical behavior of dibromodifluoromethane (CF2Br2) monomer and cluster
under gigawatt intensity laser fields.” S. Das, P. M. Badani, P. Sharma and R. K. Vatsa.
RSCAdvances 2013, 3, 12867-12873.

6. “Understanding laser-cluster interaction: A case study of methyl iodide clusters ionized by
gigawatt intensity laser pulses.” S. Das, P. Sharma, P.M. Badani and R. K. Vatsa. (Submitted)
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Abstract

The shell effect is manifested in finite fermionic systems such as atoms and nuclei and plays an
important role in describing the structure and the properties of the matter. It also affects the
nuclear level density, a fundamental property of the nuclei, which is defined as the number of
nuclear energy levels per unit excitation energy. The nuclear level density makes a transition
from the shell-dominated regime at low excitation energy to that of a classical liquid drop at high
excitation. The damping of nuclear shell effect with excitation energy has been addressed
experimentally by measuring neutron time of flight spectra using triton transfer-fusion reaction
on *®Tl and '®'Ta targets with 'Li beam from the Mumbai Pelletron Linac facility. A large area
(~1x1m?) plastic scintillation detector array has been setup for the measurement of the fast
neutron by time of flight technique and an efficient Csl(TI) detector array consisting 8 detectors
couples to Si-PIN diode for the signal readout has been used for measurement of the alpha
particles by pulse shape discrimination technique. The allowed values of the physical parameters
related to the damping of the shell effect and the nuclear level density have been inferred for the
first time. A precise measurement of these parameters in heavy magic nuclei will have wide
implication in the co