.eps .eps bbox:cropbox(IMSc Logo)

THE INSTITUTE OF MATHEMATICAL SCIENCES

C. I. T. Campus, Taramani,

Chennai - 600 113.

ANNUAL REPORT

Apr 2019 - Mar 2020 (Draft report for Editorial corrections-19May2020)

Telephone: +91-44-2254 3100, 2254 1856 Fax: +91-44-2254 1586 DID No.: +91-44-2254 3xxx(xxx=extension) Website: https://www.imsc.res.in ii

Contents

iii iv

Chapter 1

The Institute

1.1 Governing Board

Thiru. K.P. Anbalagan, Hon’ble Minister for Higher Education, Government of Tamil Nadu, Chennai (Chairman)

Shri. K.N. Vyas, Chairman, Atomic Energy Commission & Secretary to Government of India, Department of Atomic Energy, Mumbai (Co-Chairman)

Prof. S. K. Joshi, Honorary Scientist Emeritus CSIR, Vikram Sarabhai Professor, National Physical Laboratory, New Delhi (Member)

Prof. Mustansir Barma, Former Director, TIFR Mumbai, Professor Emeritus, TIFR Centre for interdisciplinary Sciences(TCIS), Hyderabad (Member)

Prof. Amitava Raychaudhuri, Former Director, HRI, Allahabad Professor Emeritus, University of Calcutta, Kolkata (Member)

Dr. P. Duraisamy, Vice Chancellor, University of Madras, Chennai (Member)

Prof. Sudhanshu Jha, Former Director, TIFR Mumbai, 402 Vigyanshila, Juhu-Version Link Road, Seven Bungalow, Andheri(W), Mumbai (Member)

Shri. A.R. Sule, (IDAS) Joint Secretary(R&D) to Govt. of India, Department of Atomic Energy, Mumbai (Member)

Ms. Richa Bagla, IAS Joint Secretary(Finance) to Govt. of India, Department of Atomic Energy, Mumbai (Member)

Shri. Mangat Ram Sharma, IAS Principal Secretary to Government, Secretariat, Fort St.George, Chennai (Member)

Prof. V. Arvind, Director, The Institute of Mathematical Sciences, Chennai (Member Secretary)

1.2 Executive Council

Prof. S.K. Joshi, Honorary Scientist Emeritus CSIR, Vikram Sarabhai Professor, National Physical Laboratory, New Delhi (Chairman)

Prof. Mustansir Barma, Former Director, TIFR, Professor Emeritus, TIFR Centre for interdisciplinary Sciences (TCIS), Hyderabad (Member)

Prof. Amitava Raychaudhuri, Former Director, HRI, Allahabad, Professor Emeritus, University of Calcutta, Kolkata (Member)

Shri. A.R. Sule, IDAS Joint Secretary (R&D) to Govt. of India, Department of Atomic Energy, Mumbai (Member )

Ms. Richa Bagla,IAS Joint Secretary(Finance) to Govt. of India, Department of Atomic Energy, Mumbai (Member )

Shri. Mangat Ram Sharma, IAS Principal Secretary to Government, Secretariat, Fort St. George, Chennai (Member)

Prof. V. Arvind, Director, The Institute of Mathematical Sciences, Chennai (Member Secretary )

1.2.1 Profiles of Governing Board and Executive Council Members

Thiru K.P. Anbalagan, Hon‘ble Minister for Higher Education, Government of Tamilnadu, Chennai (Chairman, Governing Board) He was previously the Information Minister of Government of Tamilnadu.

Shri. K. N. Vyas, Chairman, Atomic Energy Commission & Secretary to Govt. of India, Department of Atomic Energy, CSM Marg, Mumbai (Co-Chairman, Governing Board) Shri Kamlesh Nilkanth Vyas is a Mechanical Engineering graduate from MS University, Vadodara. After completion of the training in the 22nd Batch of the BARC Training School in 1979, he joined Fuel Design Development Section of Reactor Engineering Division of BARC. Shri Vyas has worked for design analysis of nuclear reactor fuels. He was also responsible for design development of a novel fuel for strategic applications. He has worked extensively in thermal hydraulics and stress analysis of critical reactor core components. Mr. Vyas, as an engineer, has played a key role for completion of strategic projects. Shri Vyas has also participated in design analysis of the Test Blanket Module planned to be installed in ITER, France.

Shri Vyas has been conferred several awards, which include Indian Nuclear Society Outstanding Service Award 2011, Homi Bhabha Science and Technology Award 2006, DAE Awards in the years 2007, 2008, 2012 and 2013. He is also a Fellow of the Indian National Academy of Engineers. Shri K. N. Vyas was Director, Bhabha Atomic Research Centre, before he has taken over the charge of Secretary, Department of Atomic Energy and Chairman, Atomic Energy Commission on 20.09.2018.

Prof. S. K. Joshi, Honorary Scientist Emeritus CSIR Vikram Sarabhai Professor National Physical Laboratory Dr. K.S. Krishnan Road New Delhi 110 012.

(Member, Governing Board) & (Chairman, Executive Council) Prof. Joshi has held numerous important positions in the field of science in India, including Director General CSIR, and Director, National Physical Laboratory. He is member of several national and international academies, including the Indian National Science Academy and the Third World Academy of Sciences. For his work in physics Prof. Joshi is the recipient of numerous national and international awards, including the Won Watumull memorial Prize and the Bhatnagar Prize. He is recipient of the “Padma Sri” and the “Padma Bhushan” for his contributions.

Prof. Mustansir Barma Professor Emeritus, TIFR Center for interdisciplinary Science, No.36/P, Gopanapally Village, Serilingampally Mandal, Ranga Reddy - Dist Hyderabad 500107.. (Member, Governing Board & Executive Council) Prof. Barma was a faculty member at TIFR Mumbai and was Director, TIFR Mumbai. For his contributions to physics Prof. Barma has received numerous awards, including the Bhatnagar prize and the “S.N. Bose Birth Centenary Award”. Prof. Barma is member of many national and international science academies including the Indian National Science Academy. For his contributions he was awarded “Padma Shri” by Government of India.

Prof. Amitava Raychaudhuri Professor Emeritus, University of Calcutta, Kolkata.

(Member, Governing Board & Executive Council) Prof. Raychaudhuri has held numerous academic positions in India and abroad. He was the ‘Sir Tarak Nath Palit Professor’ at Calcutta University, and he was Director HRI, Allahabad. For his research contributions in physics, Prof. Raychaudhuri has received several awards, including the ‘Bhatnagar Prize’ and the ‘J.C. Bose fellowship’. He is member of several science academies, including the Indian National Science Academy. Prof. Raychaudhuri was conferred the honour of International Alumnus of the Year by the University of Maryland.

Dr. P. Duraisamy, Vice Chancellor, University of Madras, Chennai (Member, Governing Board) Dr. Duraisamy is a former HOD of Econometrics department in University of Madras and has a PhD from Paris University

Prof. Sudhanshu Jha, 402, Vigyanshila, Juhu-Versova Link Road, Seven Bungalows, Andheri (W) Mumbai. (Member, Governing Board) Prof. Sudhanshu Jha was faculty member at TIFR, Mumbai and is a former Director, TIFR, Mumbai. For his contributions in physics, Prof. Jha has received many awards including the ‘Bhatnagar Prize’ and the ‘S.N. Bose Medal’. He is a member of several national and international academies, including the Indian National Science Academy and the Third World Academy of Sciences.

Shri A.R. Sule Joint Secretary (R & D), Department of Atomic Energy, CSM Marg, Mumbai.

(Member, Governing Board & Executive Council)

Ms. Richa Bagla, IAS Joint Secretary(Finance) to Govt. of India, Department of Atomic Energy, Mumbai (Member, Governing Board & Executive Council)

Shri. Mangat Ram Sharma, IAS Principal Secretary to Government, Secretariat, Higher Education Dept., Government of Tamilnadu, Chennai (Member, Governing Board & Executive Council)

Prof. V. Arvind, Director, IMSc Chennai (Member Secretary, Governing Board & Executive Council) Prof. V. Arvind was a faculty member at IIT, Madras and IIT, Delhi prior to joining IMSc as a faculty member

1.2.2 Director’s Advisory Committees

Academic Coordinators Committee

Prof. V.S. Nemani Physics Dr. Indrava Roy Mathematics Dr. Vikram Sharma TCS

Annual Report Committee

Prof. S. Viswanath Chair Prof. C. R. Subramanian Prof. Shrihari Gopalakrishna Dr. Paul Pandian (Library) Dr. Areejit Samal Dr. Sayantan Sharma

Approval Coordinators

Prof. Sitabhra Sinha Physics Prof. K. Srinivas Mathematics Prof. Meena Mahajan TCS Prof. Gautam I. Menon Computational Biology

Associateship Programme

Prof. V. Arvind Chair Prof. Venkatesh Raman TCS Prof. K. Srinivas & Prof. Pralay Chatterjee Mathematics Prof. Mukul Laad Physics

Alumni Committee

Prof. Partha Mukhopadhyay Chair Prof. Meena Mahajan Prof. Sanoli Gun Dr. Pinaki Choudhuri (as CC-Chair) Dr. Paul Pandian Library Shri. B. Raveendra Reddy

Colloquium & Seminar

Dr. Ganesh Ramachandran Physics Prof. Jaya N. Iyer Mathematics Dr. Vikram Sharma TCS

Computer Media & Web Committee

Dr. Pinaki Choudhuri Chair Prof. Venkatesh Raman Prof. K.N. Raghavan Prof. Rahul Siddharthan Prof. Satyavani Vemparala Dr. Sayantan Sharma Dr. G. Subramoniam, SO‘F’(Systems) Shri. B. Raveendra Reddy SO‘F’(Systems) Mr. Vigneshwar Narayanan (Student Member)

Events / Outreach

Prof. R. Ramanujam Chair Prof. K.N. Raghavan Dr. Areejit Samal Dr. Ganesh Ramachandran Dr. Sushmita Venugopalan

Internal Complaints Committee (Gender Bias Redressal)

Prof. D. Indumathi Chair Prof. Rahul Siddharthan Prof. Sanoli Gun Smt. E. Gayatri (Accounts Officer) Smt. V. Geetha (External Member) Shri. S. Vishnu Prasad Registrar One Student representative (Nominated by the Chair)

Grievance Redressal Committee

Prof. Meena Mahajan Chair Prof. Amritanshu Prasad Prof. Sanatan Digal Prof. Sujay Ashok

Guest House Advisory Committee

Prof. Pralay Chatterjee Chair Prof. V. Ravindran Dr. Indrava Roy Shri. S. Vishnu Prasad Registrar (Student Member) – –

HBNI Coordinators

Prof. Sibasish Ghosh Physics Dean, Physical Sciences Prof. Sanatan Digal Physics Associate Dean, Physical Sciences Prof. Vijay Kodiyalam Mathematics Dean, Mathematical Sciences Prof. Gautam I. Menon Computational Biology Dean, Life Sciences

Hostel Faculty Counselor (This Committee will also serve as the Anti-Ragging Committee)

Dr. Manjari Bagchi Chair Dr. Ganesh Ramachandran Dr. Vikram Sharma

Housing & Up-Keep

Prof. V. Ravindran Chair Dr. Pinaki Chaudhuri Dr. C.M. Chandrashekar Shri. S. Vishnu Prasad Registrar Smt. R. Indra Administrative Officer

JEST Coordinators

Prof. D. Indumathi Physics Prof. Pralay Chatterjee Mathematics Prof. Saket Saurabh TCS

Library Committee

Prof. Amritanshu Prasad Chair Prof. C. R. Subramanian Prof. Sitabhra Sinha

Prof. Rajesh Ravindran Dr. Manjari Bagchi Dr. Paul Pandian S/O ‘F’ (Library) Mr. K. Chandrashekhar (Student Member)

National Science Day Committee

Prof. K.N. Raghavan Prof. V. Ravindran Dr. Vikram Sharma Dr. Sushmita Venugopalan

Official Language Implementation Committee [OLIC]

Prof. V. Arvind Chair Prof. K. Srinivas Prof. Saket Saurabh Prof. Mukul Laad Shri. S. Vishnu Prasad Registrar Mr. Vinay Vaibhav (Student Member)

Mathematics PDF Committee

Prof. K. Srinivas Prof. Pralay Chatterjee

Physics PDF Committee(HEP)

Prof. Indumathi HEPF Convener

Physics PDF Committee(LEP)

Prof. Sitabhra Sinha Prof. Sibasish Ghosh Prof. Satyavani Vemparala Prof. Ganesh Ramachandran

Refurbishment Committee

Prof. Saket Saurabh Chair

Prof. Anirban Mukhopadhyay Dr. Sayantan Sharma Shri. K. Chandrasekar, Ex-Chief Architect, IGCAR Shri. S. Vishnu Prasad Registrar Shri. M. Sundar S/O ‘C’ (Civil) Shri. S. Mohan S/O ‘E’(Electrical)

Right To Information Act [RTI]

Prof. Venkatesh Raman Appellate Authority Shri. S. Vishnu Prasad Public Information Officer

Space Planning & Allocation Committee

Prof. V. Arvind Chair Prof. Gautam Menon Prof. Indumathi Prof. Pralay Chatterjee Dr. C.M. Chandrashekar Shri. S. Vishnu Prasad Registrar

Summer Programme Co-ordinators

Prof. Ramanujam TCS Prof. Sanoli Gun Maths Prof. Pinaki Chaudhuri Physics

Tender Committee

Prof. Ramanujam Chair Prof. Satyavani Vemparala

Sports/GYM Committee

Prof. Pralay Chatterjee Prof. Partha Mukhopadhyay Dr. Vikram Sharma Dr. Indrava Roy Dr. Manjari Bagchi Mr. Rakesh Netha(Student member) - Cricket Mr. Pranendu Darbar(Student member) - Foot ball & Tennis

Mr. Mrigendra Singh(Student member) - Table Tennis Mr. Anupam Sarkar(Student member) - Badminton

Institute Seminar Day

Prof. S. Viswanath Dr. Arijit Ghosh Dr. Areejit Samal Dr. Sayantan Sharma

The Chair of the Committee may always co-opt any other member of IMSc when required.

1.3 Faculty

Name Userid

Computational Biology

Menon, Gautam I. menon Samal, Areejit asamal Siddharthan, Rahul rsidd Sinha, Sitabhra sitabhra

Mathematics

Chakraborty, Partha Sarathi parthac Chatterjee, Pralay pralay Gun, Sanoli sanoli Iyer, Jaya N. jniyer Kodiyalam, Vijay vijay Mohari, Anilesh anilesh Mukhopadhyay, Anirban anirban Nagaraj, D. S. dsn Pancholi, Dishant Mayurbhai dishant Prasad, Amritanshu amri Raghavan, K. N. knr Roy, Indrava indrava Sankaran, P. sankaran Srinivas, K. srini Sundar, S. ssundar Sushmita Venugopalan sushmita

Viswanath, S. svis

Physics

Adhikari, Ronojoy rjoy Ashok, Sujay K. sashok Bagchi, Manjari manjari Chandrashekar, C.M. chandru Chaudhuri, Pinaki pinakic Date, G. shyam Digal, Sanatan digal Ghosh, Sibasish sibasish Gopalakrishna, Shrihari shri Hassan, Syed Raghib shassan Indumathi, D. indu Laad, Mukul S. mslaad Menon, Gautam I. menon Mukhopadhyay, Partha parthamu Nemani, Venkata Suryanarayana nemani Rajesh, Ravindran rrajesh Rama, S. Kalyana krama Ramachandran, Ganesh ganesh Ravindran, V. ravindra Ray, Purusattam ray Sathiapalan, Balachandran bala Sayantan Sharma sayantans Shankar, R. shankar Siddharthan, Rahul rsidd Sinha, Nita nita Sinha, Rahul sinha Sinha, Sitabhra sitabhra Vemparala, Satyavani vani

Theoretical Computer Science

Arvind, V. arvind Ghosh, Arijit arijitg Lodaya, Kamal kamal Mahajan, Meena meena Raman, Venkatesh vraman Ramanujam, R. jam Saurabh, Saket saket Sharma, Vikram vikram Subramanian, C.R. crs

1.4 Honorary Senior Academic Members

Balasubramanian, R. balu Baskaran, G. baskaran Rajasekaran, G. graj Simon, R. simon

1.5 Scientific Staff

Subramoniam G. gsmoni Raveendra Reddy B. ravi Paul Pandian M. pandian Mohan S. smohan Usha Devi P. usha Sundar M. msundar Maruthu Pandiyan B. maruthu

1.6 Administrative & Accounts Staff members

Vishnu Prasad S. Registrar

Gayatri E.

Accounts Officer

Indra R.

Administrative Officer

Vasudevan, T.V. Shankaran, K.P. Parthiban, V. Seenivasa Raghavan N. Ashfack Ahmed, G. Otheeswaran Usha Geetha, M. Archana Shukla Padmanabhan, T. Babu, B. Prema, P. Johnson, P. Jayanthi, S. Gopinath, S. Baskaran, R. Amulraj, D. Balakrishnan, J. Janakiraman, J. Moorthy, E. Munuswamy, N. Radhakrishnan, M. G. Rajasekaran, N. Rajendran, C. Ramesh, M. Ravichandran, N. Tamil Mani, M.

1.7 Project Staff

1.7.1 Project Staff [Non Academic]

Name Userid

Aiswaryalakshmi PL lakshmipl Balachander M. mbchander Gayathri S. gayathris Hari Priya T. V. tvhpriya Hemamalini, A. ahema Jayakumar P. jayakumarp Jegannathan J. jjegan Karthik M. mkarthik Karthikeyan B.S. bskarthi Kirubananth P kirubananth Krishna Balaji R. rkbalaji Mahalakshmi, G. gmahalakshmi Mangala Pandi P. mangal Moovendan M. moovendan Nambirajan E nambirajan Narmatha, S. snarmatha Parthasarathi N. npsarathi Prashanna, K. prasannak Rajkumar S. srajkumar Ramakrishnan S. skrishnan Rethinasamy D. drsamy Sadhana R. sadhana Sakthivel Murugan E. esakthi Sathishkumar sathishka Shalieni, D. shalienid Sivasubbu Raj B. sivaraj Sreelakshmi P.K lakshmipk Srinadh, G. gsrinadh Srinivasan G. gsvasan Vaideeswaran mveswaran Vignesh Kumar T vignesh Vimalraj J. vimalraj Vinoth Babu, M. mvinoth

1.7.2 Project Staff [Scientific/Academic]

Name Userid

Able E Alias ableea Archana Mishra amishra

Arya S aryas Ashwij Mayya ashwij Eleonora Dell’ Aquila edellaquila Gajendra Singh Badwal Gayathri, B. bgayathri Harish, K.

Janaki Raghavan rjanaki Krishanu Deyasi krishanud Md. Izhar Ashraf ashraf Nadeesh Garg nadeeshg Pradeep Kumar N pradeepnpk Saveetha H. saveetha Shakthi N. Menon shakthi Soumya Easwaran soumyae Sreejith, R. P. sreejithrp Subathra Vijayakumar subaathrav Surendra Singh Badwal Theerthagiri L. ltgiri Varuni Prabhakar varuni Vinod Kumar, T. tvinodkumar

1.8 Post-Doctoral Fellows

Name Userid

Computational Biology

Anupama Sharma anupama Sushmita Ghosh susmitag

Mathematics

Anuj Jakhar anujjakhar Arideep Saha arideep Arjun Paul arjunp Balesh Kumar baleshk Bidyut Sanki bidyuts Nirupama Mallick nirupamam Poornapushkala Narayanan porrnap Pranabesh Das pranabesh Rohit Varma rvarma Sarita Agrawal saritaa Selvaraja, S. selvaraja Suratno Basu suratnob

Usha Keshav Sangale uksangale

Physics

Aditya Banerjee adityab Amit Mukherjee amitm Aradhana Singh aradhanas Aravinda S aravinda Arpita Choudhary arpitac Arunprasath V arunprasath Avijit Mishra avijitm Bala Subramanian, P.N. pnbala Bijoy Daga bijoydaga Debabrata Sinha debabratas George Thomas georget Nilanjana Kumar nilanjanak Prasad V V prasadvv Rahul Dandekar rsdandekar Shreyansh Shankar Dave shreyanshsd Sreeraj T. P. sreerajtp Srimoy Bhattacharya srimoyb Subhroneel Chakrabarti subhroneele

Theoretical Computer Science

Abhisekh Sankaran abhisekhs Gurumuruhan Ganesan ghurumg Krithika R Krithikaraman Pallavi Jain pallavij Purbita Jana purbitajana Vibha Sahlot vibhasahlot

1.9 Ph.D. Students

Name Userid

Computational Biology

Ankit Agrawal aagrawal Ashwini, G. ashwinig Bodhayan Prasad bodhayanp Chandrani Kumari chandranik Chandrashekar K. A. kachandra Devanand T. devanandt Farhina Mozaffer farihinam

Janani R. jananir Mamale Vinod Suryakant mvinod Rakshika Lakshmi, A. rakshikal Reshma M reshmam Ria Ghosh riaghosh Sreejith, R.P. sreejithrp Sreevidya T.S tssreevidya Vadnala Rakesh Netha rakeshnetha Vivek Ananth R. P. vivekananth

Mathematics

Ankur Sarkar ankurs Aritra Bhattacharya baritra Avijit Nath avijitnath Biplab Paul biplabpaul Chayan Karmakar chayank Digjoy Paul digjoypaul Jayakumar R. rjayakumar Jyothsnaa S. jyothsnaa Karthick Babu C G cgkbabu Krishanu Roy krishanur Manas Mandal manasm Mrigendra Singh Kushwaha mrigendra Nabanita Roy nabanitar Narayanan P. A. panarayanan Neelam neelam Oorna Mitra oornamitra Piyasa Sarkar psarkar Pranendu Darbar dpranendu Priyamvad Srivastav priyamvads Ratheesh T.V ratheeshtv Rupam Karmakar rupamk Sathish Kumar, V. vsathish Siddheswar Kundu siddheswark Snehajit Misra snehajitm Sridhar P. Narayanan sridharn Sruthy Murali sruthym Sunil L Naik sunilnaik Tanmoy Bera tanmoyb Saurav Holme Choudhury sauravhe Surajit Biswas surajitb Uday Bhaskar Sharma udaybs Ujjal Das ujjaldas Vaibhav Krushankant Dimble vaibhavkd

Physics

Abinash Kumar Nayak abinashkn Ajjath, A.H. ajjathah Akhil Antony akhilantony Amir Suhail amirs Amit Kumar kamit Amlan Chakraborty amlanchak Anand Pathak anandb Anirban Karan kanirban Ankit Aggarwal aankita Ankita Chakrabarti ankitac Anupam A. H. anupam Anupam Sarkar asarkar Anvy Moly Tom anvym Aparna Sankar aparnas Apurba Biswas, G. apurbab Apurba Dutta dapurba Arindam Mallick marindam Arindam Mitra amitra Arjun Hariharan arjunh Arkajyoti Manna arkajyotim Arnab Priya Saha arnabps Arpan Kundu akundu Atanu Bhatta batanu Bhargava B.A. bhargavaba Bhavya Teja, K.N. knbteja Dheeraj Kumar Mishra dkmishra Dhruv Pathak dhruvpathak Dipanjan Mandal mdipanjan Garima Rani grani Gopal Prakash gopalp Himanshu Badhani himanshub Hitesh Garg hiteshgarg Jilmy P. Joy jilmyo Jyotijwal Debnath jdebnath Kamal Tripathi kamalt Madhusudhan Raman madhur Mahaveer Prasad mahaveerp Mamale Vinod Suryakant mvinod Mohammad Shabbir mshabbir Nishant Gupta nishantg Pavan Dharanipragada pavand Pooja Mukherjee poojamukherjee Prabhat Butola prabhatb Prafulla Oak prafullao Prateek Chawla prateekc Prasanna Kumar Dhani prasannakd Prashanth Raman prashanthr Prathik Cherian J. prathikcj Pritam Sen pritamsen

Pulak Banerjee bpulak Raghvendra Singh raghvendra Rathul Nath rathulnr Ravi T travi Ria Sain riasain Rusa Mandal rusam Sabiar Shaikh sabiarshaikh Sabyasachi Chowdhuri sabyasachic Sagnik Chakraborty csagnik Sahil sahilmd Sanjoy Mandal smandal Saroj Prasad Chhatoi sarojpc Sayantan Ghosh sayantang Semanti Dutta semantid Shibasis Roy shibasisr Shilpa Kastha shilpakastha Shivam Gola shivamg Shivani Singh shivanis Soumya Sur soumyasur Sourav Ballav sballav Subhankar Khatua shubankark Sujoy Mahato sujoymahato Surabhi Tiwari surabhit Subashri, V. subashriv Sushovan Mondal smondal Tanmay Mitra tmitra Tanmay Saha sahatanmay Tanmoy Sengupta tsengupta Thiru Senthil R. rtsenthil Toshali Mitra toshalim Umang A. Dattani umangad Varun Gupta varungupta Varun Sethi varunsethi Vignesh, B. bvignesh Vigneshwar N. vigneshwarn Vigneshwaran K. vigneshwaran Vinay Vaibhav vinayv

Theoretical Computer Science

Abhishek Sahu asahu Abhimanyu Choudhury abhimanyuc Abhranil Chatterjee abhranilc Anantha Padmanabha M.S. ananthap Anuj Vijay Tawari anujvt Arindam Biswas barindam Ashwin Jacob ajacob

Diptapriyo Majumdar diptapriyam Gaurav Sood gauravs Jayakrishnan M. jayakrishnan Lawqueen Kanesh lawqueen Niranka Banerjee nirankab Prafullakumar Prabhakar Tale pptale Ramanathan Thinniyam Srinivasan thinniyam Ramit Das ramitd Roohani Sharma roohani Rian Neogi rianneogi Sanjukta Roy sanjukta Swaroop N.P. npswaroop Yogesh Dahiya yogeshdahiya

1.10 Summer Students

Every summer, a small number of students from various Institutes/Universities come to our institute and work on some learning/research projects with some faculty member for a period of four to six weeks. The following students visited the institute during Apr, 2019 - Mar, 2020.

Student Faculty

Computational Biology

Pavithra Elumalai, PSG College of Tech, Coimbatore Areejit Samal Shiva Ramakrishna.S, SASTRA University, Tanjore Sitabhra Sinha Reethu Anand.A, SASTRA University, Tanjore Sitabhra Sinha Yogesh.S, IISER, Kolkata Rahul Siddharthan

Mathematics

Supriya P.I., PSG College of Technology, Coimbatore Srinivas K. Aishwarya S. Dabhole, Fergusson College , Pune Sanoli Gun Gurieenkaur Nanda, IISER, Bhopal Raghavan K.N. Kiran.D, IISER Bhopal Srinivas K. Amrutha B Nair, IISER, Thiruvananthapuram Viswanath S. Sanyam Gupta, IISER, Berhampur Anirban Mukhopadhyay Sreejani Chaudhury, University of hyderabad Anirban Mukhopadhyay Swathi Sucharita, Central University of Orissa, Orissa Sanoli Gun Vignesh S, ISI kolkata Raghavan K.N. Sourav Ghosh, CMI, Chennai Sushmita Venugopalan Ujjwal K.R. Sana, CMI, Chennai Sanoli Gun

Physics

Dolly Nambi, IISER, Thiruvanathapuram Partha Mukhopadhyay Ashwath N. Madhusudan,IISER Pune Pinaki Chaudhuri Budharaju Sasank, IISER,Mohali Sibasish Ghosh Deepthi P. G., Central University of Tamilnadu, Thiruvarur

Chandrashekar C.M.

Amrutha C.V., Azim Premji University, Banglore Shankar R Suyog Garg, IITDM Kancheepuram Manjari bagchi Anagha K.V., NIT Calicut Partha Mukhopadhyay Gourab Pal, IIT Madras Chandrashekar C.M. Pavan, NISER, Bhubaneshwar Ravindran V Abhishek Kumar, NISER, Bhubaneshwar Hassan S R Sayantan Maity, IISER, Kolkata Rajesh R Ranadeep Roy, IISER Tirupathi Venkata Suryanarayana Nemani Khyati Jain, BITS, Goa Chandrashekar C.M. Reena Joseph,Madras Christian College, Chennai Ravindran V. Pratyush Kullepara, BITS, Goa Sitabhra Sinha Abhaya S Hedge, IISER Thiruvanathapuram Chandrashekar C.M. Anandu R.S, IIT Punjab Ravindran V. Swaparjith K.S, IISER Mohali Partha Mukhopadhyay Debopam Goswami, Scottish Church College, Calcutta Sayantan Sharma Harihar Pradhan, NISER, Bhubaneshwar Sayanatan Sharma Samay H.N., IIT Madras, Chennai Venkata Suryanarayana Nemani Vishal Pandey, Banaras Hindu University Shankar R. Aakash Marthanadan, IIT Mumbai Kalyana Rama Anubhab Sur, IISER Kolkata Ravindran V. Sree Ganesh Kumar Reddy,NIT Rourkela Chandrashekar C.M. Sarvesh Srinivasan,BITS Pilani Chandrashekar C.M. Aditya Vaswani, BITS Pilani Partha Mukhopadhyay

Theoretical Computer Science

Ganesh, G,Amirtha Vishwa Vidyapeetham, Coimbatore Venkatesh Raman Ananth Krishna Duggirala, CMI,Chennai Venkatesh Raman Navish Kumar, IIT,Kharagpur Saket Saurabh Madhumitha Kundu,ISI,Kolkata Saket Saurabh Rajhesh, R,PSG college of Technology, Coimbatore Venkatesh Raman Adarsh Srinivasan, IISER, Pune Vikram Sharma Rahul, B.S, BITS pilani Vikram Sharma Pasupuleti Rekha,SSN college of engineering ,Chennai Venkatesh Raman Srishti Agarwal, Ashoka University, Sonepat Meena Mahajan, Vikram Sharma Anmol Agrawal, Shri Shankaracharya Group of Inst., Bhilai

Saket Saurabh

1.11 Other Students

Students also do their projects under the supervision of our faculty during the academic year.The following students visited the institute during Apr, 2019 - Mar, 2020.

Student Faculty

Mathematics

Sen, Smith, BITS GOA Gun, S. Raavali, Nookala, NIT Rourkela Srinivas, K. Sahoo, Lalatendu Bidyadhar, NIT Rourkela Srinivas, K.

Physics

Gupta, Divyanshu, BITS Pilani (Goa) Ashok, Sujay K. Rigby, Elizabeth, Oberlin College and Conservatory,

USA.

Bagchi, Manjari

Chwalik, Erica, West Virginia University, USA Bagchi, Manjari Vaswani, Aditya, BITS Pilani, Rajasthan Mukhopadhyay, Partha Kuzhively, Disha, graduated from NISER

Bhubaneswar in 2019

Sharma, Sayantan

Ayyagiri, Saveri S., Sastra University, Thanjavur Raman, Venkatesh Suresh, Nishank, Shiv Nadar University Raman, Venkatesh

24

Chapter 2

Research and Teaching

2.1 Computational Biology

2.1.1 Research Summary & Highlights

A earlier model for phototaxis in cyanobacteria, the motion of bacteria away from or towards a source of light, is extended to understand the behaviour of such bacteria when bacterial colonies are exposed to complex light input. Collective effects are emphasized in the model, since these bacteria are known to interact and exert forces on each other through extensions called type-IV pili The agent-based model reproduces most features of what is experimentally seen. It points out that distinguishing between various proposed mechanisms for how bacteria integrate information and convert this into decisions regarding motion is hard to do at the level of colony shapes alone, precisely because such motion is collective [?]

2.1.2 List of Publications

The list of publications follows the following conventions: firstly, names of (co)authors who are not IMSc members are marked with a superscript^∗; secondly, the citation labels used for cross-referencing with the research summary are constructed from the last name of the first IMSc author and finally the list is ordered alphabetically according to the labels.

[B] Karthikeyan Bagavathy Shanmugam, Janani Ravichandran, Karthikeyan Mohanraj, Vivek-Ananth R.P., and Areejit Samal.

A curated knowledgebase on endocrine disrupting chemicals and their biological systemslevel perturbations.

Science of The Total Environment, 692, 281–296, 2019.

[K] Harish Kannan, Emil Saucan^∗, Indrava Roy, and Areejit Samal.

Persistent homology of unweighted complex networks via discrete morse theory. Scientific Reports, 9, 13817, 2019. [M] Maria Augusta Horta^∗, Nils Thieme^∗, Yuqian Gao^∗, Kristin E. Burnum-Johnson^∗, Carrie D. Nicora^∗, Marina A. Gritsenko^∗, Mary S. Lipton^∗, Karthikeyan Mohanraj, Leandro Jose de Assis^∗, Liangcai Lin^∗, Chaoguang Tian^∗, Gerhard H. Braus^∗, Kartherine A. Borkovich^∗, Monika Schmoll^∗, Luis F. Larrondo^∗, Areejit Samal, Gustavo H. Goldman^∗, and J Philipp Benz^∗.

Broad substrate-specific phosphorylation events are associated with the initial stage of plant cell wall recognition in neurospora crassa. Frontiers in Microbiology, 10, 2317, 2019.

[P1] Om Prakash.

Algorithm for extraction of sub-structure from co-crystallized pdb ligand for selective targeting. 2020.

(Preprint: bioRxiv 2020.02.02.931436; doi: https://doi.org/10.1101/2020.02.).

[P2] Om Prakash.

Algorithm for theoretical mapping of bio-strings for co-expression: bridging genotype to phenotype. 2020.

(Preprint: bioRxiv 2020.03.05.979781; doi: https://doi.org/10.1101/2020.03.).

[P3] Om Prakash.

Intra-molecular electro-potential circuit electronegatrode: Hypothesis, algorithm implementation for universal indicative rule towards activity of biomolecules. 2020.

(Preprint: bioRxiv 2020.03.05.979807; doi: https://doi.org/10.1101/2020.03.). [R] Indrava Roy, Sudharsan Vijayaraghavan, Sarath Jyotsna Ramaia, and Areejit Samal.

Forman-ricci curvature and persistent homology of unweighted complex networks. 2019.

(Preprint: arXiv: 1912.11337). [S] Consuelo Torrini^∗, Ryan J. Cubero^∗, Ellen Dirkx^∗, Luca Braga^∗, Hashim Ali^∗, Giulia Prosdocimo^∗, Maria I. Gutierrez^∗, Chiara Collesi^∗, Danilo Licastro^∗, Lorena Zentilin^∗, Miguel Mano^∗, Serena Zacchigna^∗, Michele Vendruscolo^∗, Matteo Marsili^∗, Areejit Samal, and Mauro Giacca.

Common regulatory pathways mediate activity of micrornas inducing cardiomyocyte proliferation.

Cell Reports, 27(9), 2759, 2019.

2.2 Mathematics

2.2.1 Research Summary & Highlights

Algebra

Understanding the tensor product of two irreducible finite dimensional representations of a complex semisimple Lie algebras is a very important problem that has been studied intensely by mathematicians for the past 75 years. The celebrated conjecture of Parthasarathy-Ranga Rao-Varadarajan from the 1960s and its extensions by Kostant, Verma, Kumar and Montagard were the subject of recent research by members of the mathematics group at IMSc [Kus]. Significant new results were obtained employing the ”path model”, a powerful combinatorial tool first formulated by Littelmann in the 1990s.

Using the decomposition rule, we establish a lower bound for multiplicities of PRV components in Kostant-Kumar modules, thereby generalising simultaneously the KPRV and the refined PRV theorems of Kumar.

Algebraic Number Theory

Lenstra introduced the notion of Euclidean ideal classes to study number fields with cyclic class groups. In particular, he showed that the class group of a number field with unit rank at least one is cyclic if and only if it has a Euclidean ideal class where the only if part is conditional on the Extended Riemann hypothesis.

In [Gu1], the authors prove an unconditional version of the above result for a family of Abelian extensions with unit rank at least 3. This strengthens an earlier result of Murty and Graves.

It is an inherent feature of this theme that the number fields with small unit rank are more difficult to handle.

In [?], the authors show that same assertion holds for a family of real cubic (respectively quadratic) fields with cyclic class groups with at most one (respectively two) exceptions.

Differential Geometry

Sushmita Venugopalan of IMSc was a co-organizer of the conference titled ’Novel Vistas in Vortices’ in the Simons Center for Geometry and Physics. Vortices are gauge-theoretic objects that originated in the study of super-conductors. Research in the last two decades has uncovered connections between vortices and various aspects of symplectic geometry and representation theory. This conference succeeded in bringing together a community of mathematicians and physicists spread across many countries. The details of the conference can be accessed at the following URL: http://scgp.stonybrook.edu/archives/29486

Modular forms

Suppose for all but finitely many primes p, we are given an elliptic curve E_p defined over a finite field F_p of p elements. In [Gu4], the authors derive a criterion for the existence of an elliptic curve E defined over for which the reduction of E modulo p is isogenous to E_p for all p.

Koszul duality and the alternating Schur algebra

The polynomial representation theory of a full matrix group is a fundamental problem of algebra and leads to a deep understanding of tensor spaces as well as symmetric functions. About 100 years ago, Issai Schur classified the building blocks of such representations by relating them to representations of permutation groups. Work done at IMSc by Amritanshu Prasad and Shraddha Srivastava in collaboration with T Geetha of IISER THiruvananthapuram, set out to understand Schur’s theory when restricted to even permutations. This led to the discovery of a beautiful connection with Koszul duality, a fundamental duality on the polynomial representations of a full matrix group.

Non Commutative Geometry

Higson-Roe sequence for transformation groupoids:

Coarse Geometry investigates the large-scale structure of geometric objects. Building on earlier ideas of Gromov, Lawson and others, John Roe developed an axiomatic approach to study coarse structures (sometimes also referred as uniform or bornological structures), with the goal of extending classical index theoretic results on compact manifolds, to the noncompact setting. A particularly striking application in the context of coarse geometry, is a K-theoretic generalization of a classical theorem of Gromov-Lawson on the index-theoretic obstruction for the existence of a metric of positive scalar curvature.

In joint work with M.T. Benameur, we have extended in a systematic way the seminal results of N. Higson and J. Roe on the construction of the analytic surgery sequence for discrete groups, to the case of etale transformation groupoids. In particular, we give generalizations of the Paschke-Higson duality theorem as well as new secondary index classes that are invariants of foliations and laminations. In the process, we also develop a coarse analogue of a deep result of Pimsner-Popa-Voiculescu. Two papers on this area are scheduled to appear in the Journal of Noncommutative Geometry.

Representation Theory

Polynomial representations of general linear groups can be viewed as modules for the Schur algebra. This algebra is the commutant for the action of the symmetric group on tensor space by permuting the tensor factors. Schur-Weyl duality relates these representations to representations of the symmetric group.

The commutant of the alternating group on tensor space, called the alternating Schur algebra, was studied in [Pr3]. This algebra is a Z/2Z-graded algebra, its 0th graded part being the classical Schur algebra S. It’s 1th graded part is an (S, S) bimodule S^−. The fucntor M → S^− ⊗ M was defined as the Koszul duality functor on the category of S-modules. Under Schur-Weyl duality, this functor corresponds to multiplication by the sign characater of a representation of the symmetric group. This definition was shown to be consistent with a more abstract notion of Koszul duality defined by Krause on the category of strict polynomial functors.

A combinatorial interpretation of the structure constants of this algebra was used to study properties of Koszul duality.

Multivariate polynomials give rise to class functions on all symmetric groups by substituting for the ith variable the number of cycles of size i in a permutation. In [N1] a simple formula for computing the Schur inner product of such class functions was obtained. The restriction problem seeks to determine how an irreducible representation of GL_n decomposes when restricted to its subgroup of permutation matrices. Multivariate polynomials giving rise to characters of such restrictions were computed. Together with the formula for Schur inner products, restriction coefficients were computed. This is a new approach to the restriction problem.

Topology

Application of topology to complex networks:

Topological data analysis (TDA) is an emerging field which employs tools from combinatorial and algebraic topology to study the ’shape’ of data. In particular, it reveals higher-order patterns within the data that remain hidden to classical methods of investigating the structure of data. In network science, capturing such higher-order patterns is a key challenge. High-volume data that emerges from large networks such as Facebook, can therefore be studied using TDA. The main tool in TDA is ’Persistent homology’, whichhas its origins in the field of algebraic topology andis used to capture the ’global’ structures that are present in an object. The computation of persistent homology is further rendered more efficient by the use of discrete Morse theory, which is a purely combinatorial way of studying the underlying topology of the object.An interdisciplinary collaboration between Indrava Roy in Mathematics group and Areejit Samal in the Computational biology group, along with Harish Kannan (project assistant to Areejit Samal) of the institute has led to the development of a new method to investigate such higher-order structuresin complex networks using TDA. Specifically, the teamhas developed a new method to study persistent homology in unweightednetworks based on discrete Morse theory. Informally, this method produces an efficient algorithm to obtain a discrete Morse function that not only helps to capture the higher-order relations in an unweighted network, but can also be used in the lossless compression of such data. In addition to capturing the topology of the network, this function is then used to compute the persistent homology of the network in an efficient manner. The team has employed this new method to explore persistent homology of several unweighted model and real-world networks. They show that the persistence diagrams can distinguish between the topology of different types of model and real networks. A manuscript on this work appeared in the journal Scientific Reports.

2.2.2 List of Publications

The list of publications follows the following conventions: firstly, names of (co)authors who are not IMSc members are marked with a superscript^∗; secondly, the citation labels used for cross-referencing with the research summary are constructed from the last name of the first IMSc author and finally the list is ordered alphabetically according to the labels.

[B1] S. Adhikari^∗, R. Balasubramanian, S. Eliahou^∗, and D. Grynkiewicz^∗. On a conjecture of foxkleitman and additive combinatorics.

Proc. Indian Acad. Sci. Math. Sci., 129(4)(Source:MR: 3959302), Artile:43, 2019.

[B2] R. Balasubramanian, Saminathan Ponnusamy^∗, and Karl-Joachim Wirths^∗. Inequalities for weighted sums of Mertens functions. Archiv der Mathematik, 113(Source: MR: 3988822), 273, 2019.

[Ba] Suratno Basu, Arjun Paul, and Arideep Saha.

System of hodge bundles and generalized opers on smooth projective varieties. Journal of Geometry and Physics, 145, (10)(Source: MR: 3991649), Article.103484, 2019. [C] Karthick Babu C. G. and Usha Keshav Sangale. Note on a problem of ramanujan. 2020.

(Submitted). [D] Pranendu Darbar and Anirban Mukhopadhyay. Correlation of multiplicative functions over function fields. 2019.

arXiv:1905.09303 (Submitted).

[G1] Jyotirmoy Ganguly, Amritanshu Prasad, and Steven Spallone^∗. On the divisibility of character values of the symmetric group. Electronic Journal of Combinatorics, 27(2), P 2.1, 2020.

[G2] Jyotirmoy Ganguly and Steven Spallone^∗.

Spinorial representations of symmetric groups. Journal of Number Theory, 544, 29, 2020.

[G3] Jyotirmoy M. Ganguly and Rohit M. Joshi^∗. Spinorial representations of orthogonal groups. 2020.

arXiv:2003.06636 (Submitted).

[Gu1] J-M. Deshouillers^∗, S. Gun, and J. Sivaraman^∗. On Euclidean ideal classes in certain Abelian extensions. Math Z., 2019. (To be published).

[Gu2] S. Gun and W. Kohnen^∗.

On the Ramanujan-Petersson conjecture for modular forms of half-integral weight. Forum Mathematicum, 31(3), 703, 2019.

[Gu3] S. Gun, B. Kumar, and B. Paul.

The first simultaneous sign change and non-vanishing of Hecke eigenvalues of newforms. J. Number Theory, 200, 161, 2019.

[Gu4] S. Gun and K. Murty^∗. Lifting of Elliptic curves.

Pacific J. Math., 301(1), 101, 2019.

[I1] P. del ngel R.^∗, C. Doran^∗, P. Luis^∗, M. Kerr^∗, J. Lewis^∗, Jaya N. Iyer, S. Mller- Stach^∗, and D. Patel^∗.

Specialization of cycles and the k-theory elevator.

Communications in Number Theory and Physics, 13(2)(Source: MR: 3951112), 299, 2019.

[I2] Jaya N. Iyer and Roy Joshua^∗.

Brauer groups of schemes associated to symmetric powers of smooth projective curves in arbitrary characteristics.

Journal of Pure and Applied Algebra, 224 (3)(Source: MR: 4009565), 1009–1022, 2020.

[J1] Anuj Jakhar, Sudesh K. Khanduja^∗, and Neeraj Sangwan^∗. Some results on integrally closed domains.

In Contributions in Algebra and Algebraic Geometry, page 75. Contemporary Mathematics, American Mathematical Society, Dec 2019.

[J2] Anuj Jakhar.

A useful irreducibility test for integer polynomials,. The American Mathematical Monthly, 126(10), 943, 2019.

[J3] Anuj Jakhar.

On the factors of a polynomial.

Bulletin of the London Mathematical Society, 52(1), 158, 2020.

[J4] Anuj Jakhar.

On the irreducible factors of a polynomial.

Proceedings of the American Mathematical Society, 148, 1429, 2020.

[J5] Anuj Jakhar.

On primes dividing the index of a quadrinomial. 2020.

(Submitted).

[J6] Anuj Jakhar and Sudesh K. Khanduja^∗. On the index of an algebraic integer and beyond. Journal of Pure and Applied Algebra, 224(7), 106281, 2020.

[J7] Anuj Jakhar and Sudesh K. Khanduja^∗. A note on dedekind criterion.

Journal of Algebra and its Applications, 2020. (To be published).

[J8] Anuj Jakhar, Sudesh K. Khanduja^∗, and Neeraj Sangwan^∗. On prolongations of a valuation to the composite field. Journal of Pure and Applied Algebra, 224(2), 551, 2020.

[J9] Anuj Jakhar and Srinivas Kotyada. On the irreducible factors of a polynomial ii. Journal of Algebra, 2020. YJABR17626 (To be published).

[Ju] Abhishek Juyal and Sudhansu Rout^∗.

The mordell-weil bases for the elliptic curve y^2 = x^3 + m^2x + m^2. 2020.

(Submitted).

[K1] Keshab Bakshi^∗ and Vijay Kodiyalam. Commuting squares and planar subalgebras. 2020.

(Submitted).

[K2] Vijay Kodiyalam and Sruthy Murali.

Planar algebras associated to latin squares are of subgroup-group type. Proc. AMS, 2020. (To be published).

[K3] Vijay Kodiyalam, Sruthy Murali, and V S Sunder. Planar algebras, quantum information theory and subfactors. 2019.

(Submitted).

[Ko1] Srinivas Kotyada and Subramoni Muttukrishnan^∗. A survey of certain euclidean number fields.

In Azizul Hoque Kalyan Chakraborty and Prem Prakash Pandey, editors, Class Groups of Number Fields and Related Topics, page 57. Springer, Oct 2019.

[Ko2] Srinivas Kotyada and Subramani Muthukrishnan^∗. On admissible set of primes in real quadratic fields.

In Bernhard Heim B. Ramakrishnan and Brundaban Sahu, editors, Modular Forms and Related topics in Number Theory. Springer Proceedings of Mathematics and Statistics, Jan 2020.

(To be published).

[Ku1] Veekesh Kumar and Carsten Elsner.

On linear independence results for values of jacobi theta-constants. 2019.

(Preprint: arXiv:1911.06513 [math.NT], 2019).

[Ku2] Veekesh Kumar and R. Thangadurai. On simultaneous approximation of algebraic numbers.

2020.

(Preprint: arXiv:2001.00386).

[Kus] Mrigendra S. Kushwaha, KN Raghavan, and Sankaran Viswanath. A study of kostant-kumar modules via littelmann paths. 2019.

(Preprint: arXiv:1905.05302). [M] B. Rajarama Bhat^∗, Robin Hillier^∗, Nirupama Mallick, and U. Vijaya Kumar^∗. Roots of completely positive maps.

Linear Algebra and its Applications, 587(Source: MR: 4030295), 143–165, 2020.

[Mu] Kamalakshya Mahatab^∗ and Anirban Mukhopadhyay. Omega theorems for the twisted divisor function. Functiones et Approximatio, 2019. (To be published).

[N1] Sridhar P. Narayanan, Digjoy Paul, Amritanshu Prasad, and Shraddha Srivastava^∗.

Character polynomials and the restriction problem. 2020.

arXiv:2001.04112 (Submitted).

[N2] Sridhar P. Narayanan, Digjoy Paul, Amritanshu Prasad, and Shraddha Srivastava^∗.

Polynomial induction and the restriction problem. 2020.

arXiv:2004.03928 (Submitted).

[P1] Stephan Baier^∗, Neha Prabhu, and Kaneenika Sinha^∗.

Central limit theorems for elliptic curves and modular forms with smooth weight functions. Journal of Mathematical Analysis and Applications, 485(1), 2020. (To be published).

[P2] Ram M. Murty^∗ and Neha Prabhu.

Central limit theorems for sums of quadratic characters, hecke eigenforms, and elliptic curves. Proceedings of the American Mathematical Society, 148(3), 965, 2020.

[Pr1] Amritanshu Prasad, Digjoy Paul, and Arghya Sadhukhan^∗.

Tableau correspondences and representation theory.

In S G Dani et al, editor, Contributions in Algebra and Algebraic Geometry, page 109. American Mathematical Society, Sep 2019.

[Pr2] Arvind Ayyer^∗, Amritanshu Prasad, and Steven Spallone^∗. Macdonald trees and determinants of representations for finite coxeter groups. Indian J. Discrete Math., 2019. (To be published).

[Pr3] Thangavelu Geetha^∗, Amritanshu Prasad, and Shraddha Srivastava. Schur algebras for the alternating group and koszul duality. Pacific Journal of Mathematics, 2020. arXiv:1902.02465 (To be published).

[Pr4] Dilpreet Kaur^∗, Sunil Prajapati^∗, and Amritanshu Prasad. Simultaneous conjugacy classes as combinatorial invariants of finite groups. 2019.

arXiv:1905.07957 (Submitted).

[Pr5] Amritanshu Prasad.

An introduction to schur polynomials. Graduate J. Math., 4(2), 62, 2019. [R] Nabanita Ray.

Geometry of BbbP^2 blown up at seven points.

Mathematica Slovaca, 69, (6)(Source: MR: 4045518), 12791292, 2019.

[Ro1] Moulay-Tahar Benameur^∗ and Indrava Roy. An equivariant ppv theorem and paschke-higson duality. 2020.

https://arxiv.org/abs/2001.09811 (Submitted).

[Ro2] Harish Kannan^∗, Emil Saucan^∗, Indrava Roy, and Areejit Samal. Persistent homology of unweighted networks via discrete morse theory. Scientific Reports, 9, 13817, 2019.

[Ro3] Indrava Roy, Mahashweta Patra^∗, and Soumitro Banerjee^∗. Shilnikov-type dynamics in three-dimensional piecewise smooth maps. Chaos, Solitons, and Fractals, 133, 109655, 2020.

[S] T. Mubeena^∗ and Parameswaran Sankaran.

Twisted conjugacy and quasi-isometric rigidity of irreducible lattices in semisimple lie groups. Indian Journal of Pure and Applied Mathematics, 50 (2)(Source: MR: 3954533), 403–412, 2019.

[Su] V. S. Sunder.

Operator algebras in india in the past decade.

Indian J. Pure Appl. Math., 50 (3)(Source: MR: 3995089), 801–834, 2019. [T] Kathiravan T, Karthick Babu C. G, and Srinivas K.

Proofs of some conjectures of sun on t(a, b, c; n) for some special values of (a, b, c). 2019.

BULSCI-D-19-00150 (Submitted). [V] Suresh Govindarajan^∗, Sachin S. Sharma^∗, and Sankaran Viswanath. The brylinski filtration for affine kac-moody algebras and representations of w-algebras. 2019.

(Preprint: arXiv:1912.13353).

2.3 Physics

2.3.1 Research Summary & Highlights

Astrophysics

An effort is going on to build an “Indian Pulsar Timing Array” which will join the “International Pulsar Timing Array” to detect nano-Hertz gravitational waves. Observations using GMRT and ORT have been performed.

The International Pulsar Timing Array (IPTA) consortium consists of established Pulsar Timing Array (PTA) efforts, that include the European Pulsar Timing Array (EPTA), the North American Nanohertz Observatory for Gravitational Waves (NANOGrav), and the Parkes Pulsar Timing Array (PPTA) as well as the emerging efforts like the Indian Pulsar Timing Array (InPTA), South African Pulsar Timing Array and the Chinese Pulsar Timing Array. The IPTA consortium aims to detect gravitational waves using an ensemble of millisecond pulsars located in our Galaxy. To nurture the collaborative nature of the IPTA consortium, annual meeting is held in different continents. This year, the annual meeting of the IPTA was held in Pune, India between June 10 to 21, 2019.

The first week (June 10 - 14, 2019) was a school for students, where lectures and hands on experiments by international experts were arranged. This part was hosted by NCRA- TIFR. The second week (June 17 - 21, 2019) was the conference week, and was held in the

Orchid Hotel, Pune. It was a very successful meeting. The conference week was attended by 90 scientists throughout the globe (26 Indians working in India, 12 Indian students and post-docs abroad, and 52 foreign nationals). There were presentations by scientists on their research results as well as policy making discussions for the IPTA. There was a dedicated session on diversity and equity, lead by Prof. Ketki Ranade and Prof. Shewli Kumar from Tata Institute of Social Sciences, Mumbai.

IMSc members had pivotal roles in organising both of the weeks. Dhruv Pathak, Phd studdent in IMSc was part of the Scientific Organising Committee of the student workshop (the first week) and the Scientific Organising Committee of the conference week was chaired by Manjari Bagchi, faculty member of the theoretical physics group of IMSc. Additionally, Arpita Choudhury, DST-WOSA postdoctoral fellow at IMSc attended the meeting. Bagchi and Pathak presented their research work and Choudhury presented a collaborative work done by the InPTA team. Pulsar surveys to discover new pulsars are being undertaken using the upgraded GMRT as well as Arecibo radio telescopes [Bag2].

The effects of velocity and accelerations of pulsars in their observed derivatives and second derivatives of periods are being studied.

Magnetars are neutron star with very high magnetic fields (around 10^{10} Tesla). Magnetars usually emit persistent X-rays, but no radio pulsations. However, there are two magnetars that emit occassional radio pulses. XTE J1810-197 is one of these. Since December-2018, this is in a radio emitting phase. This source is being monitored using the Giant Metrewave Radio Telescope. Interesting spike like features in the radio pulses have been seen. Similar features have been seen in mysterious cosmological Fast Radio Bursts for which magnetars (out of our Galaxy) are one probable sources. This similarity is interesting.

XTE J1810-197 is a magnetar or magnetically powered neutron star with a very high value of the surface magnetic field. In their quiescent state, magnetars emit persistent X-rays, but no radio pulsations. However, XTE J1810-197 is one of the two magnetars that emit radio pulses occasionally. it is doing so since December 2018 and is being monitored using the upgraded GMRT.

This study has been recently published in the Astrophysical Journal Letters [Bag1] This work has received some media attention and highlighted in space.com (https://www.space.com/magnetar-clues-mystery-fast-radio-bursts.html)

Condensed Matter Physics

Condensed matter theory with an emphasis on the physics of the fractional quantum Hall effect and topological insulators

CP-Violation, Neutrinos, B-Physics and New Models

The discovery of the Higgs boson at the CERN Large Hadron Collider and the knowledge of its mass allowed us to ask if the Higgs vacuum state is stable or not. It was argued by other groups that for the measured values of the Higgs couplings, the vacuum state is not stable but can quantum mechanically tunnel into a deeper true vacuum. The particle properties will be very different if this were to happen. But the life-time for such a tunneling event to happen is much larger than the age of the Universe. We show that if new fermions beyond the standard model are coupled to the Higgs, the vacuum can either become unstable or can become absolutely stable depending on the coupling values.

In Ref. [Go], the effects of vectorlike fermions (VLFs) on the stability of the Higgs electroweak vacuum, using the renormalization group improved Higgs effective potential was studied. The scale at which the effective Higgs quartic coupling becomes zero and goes negative, signaling vacuum instability was computed. For cases where the vacuum is metastable, the probability of quantum tunneling from the false electroweak vacuum into a deeper true vacuum in our Hubble volume was computed by numerically solving for the bounce configuration in Euclidean space-time and computing the bounce action for it.

Statistical Mechanics

The nature of the velocity distribution of a driven granular gas, though well studied, is unknown as to whether it is universal or not, and if universal what the distribution is. The tails of the steady state velocity distribution is determined exactly for a microscopic model for a granular gas in two dimensions within the well-mixed limit. It is shown that there are two universal regimes depending on how the system is driven. In the more generic universal regime, the distribution is a gaussian with logarithmic corrections. In the second universal regime, the distribution is an exponential with additional logarithmic corrections. Both of these are in contradiction to well accepted results based on phenomenological modelling. Data from experiments are re-analysed to show that they may be reinterpreted to fall into one of the two universality classes. The results are mad more rigorous in one dimension, and has also been extended to the case of binary gases [P1, P2, Bi].

Models with only hard interactions have been studied for a long time as the simplest models to show phase transitions. In these models, the phases and phase transitions are determined by only the shape and density of the particles. Here, the phase diagram and nature of the phase transitions are determined for a system of hard cubes on a three dimensional cubic lattice. By implementing a Monte Carlo algorithm with a cluster move, it is possible to access densities close to full packing. It is shown that the system undergoes three phase transitions with increasing density, contrary to what was seen and expected up to now [Vi].

Shock propagation in conservative as well as dissipative systems has been a topic of interest for a long time. Well-known examples include the spread of disturbance after a nuclear explosion. The solution for the radial distribution of pressure, density, temperature and flow velocity fields in a blast wave propagating through a medium at rest, following an intense explosion, starting from hydrodynamic equations, is one of the classic problems in gas dynamics.

However, there is very little direct verification of the theory and its assumptions from simulations of microscopic models. Here, the results and assumptions of the hydrodynamic theory are compared with results from large scale event driven molecular dynamics simulations of a hard sphere gas in three dimensions. It is found that the predictions for the radial distribution of the thermodynamic quantities do not match well with the numerical data. The theory is improved by replacing the ideal gas law with a more realistic virial equation of state for the hard sphere gas. While this improves the theoretical predictions, it still fails to describe the data well.

To understand the reasons for this discrepancy, the different assumptions of the hydrodynamic theory are tested within the simulations. A key assumption of the theory is the existence of a local equation of state. This assumption is validated by showing that the local pressure, temperature and density obey the equation of state for a hard sphere gas. However, the probability distribution of the velocity fluctuations has non-gaussian tails, especially away from the shock front, showing that the assumption of local equilibrium is violated. This, along with neglect of heat conduction, could be the possible reasons for the mismatch between theory and simulations [Jo].

Extensive simulations have been performed to probe the induced phase transitions in the model cell membranes when membrane active agents interact with them. The simulations were setup with the membrane active protein Nogo-66 with dimyristoylphosphocholine (DMPC) membranes and the protein-membrane interactions were shown to remodel the membrane and induce interdigitation in the DMPC membrane.

This phase change is seen to occur only when the temperature is close to the main transition temperature of the membrane (Tm) and only in the presence of the protein. No similar interdigitation of the membrane lipids was observed temperatures well above Tm in the presence of the protein.

Also, in protein-free simulations, no interdigitation of the membrane lipids was found both at temperatures near or well above Tm indicating that the observed effect is caused by the interactions of Nogo-66 with the membrane. Analysis of the simulations suggest proteinmembrane interactions, even if transient, alter the lifetimes of lipid head defects and can potentially alter the effective Tm and cause interdigitation.

This study emphasize the importance of membrane active proteins and their interactions with membranes leading to phase transitions which would affect other membrane related processes such as domain formation [T].

To understand the effects of addition of different salts on the kinetics and dynamics of early-stage aggregated structures of steric zipper peptides in water, detailed molecular dynamics simulations have been employed. The simulations reveal that the chemical identity and valency of cation in the salt play a crucial role in aggregate dynamics and morphology of the peptides. Sodium ions induce the most aggregated structures, but this is not replicated equivalently by potassium ions which are also monovalent. Divalent magnesium ions induce aggregation but to a lesser extent than that of sodium, and their interactions with the charged peptides are also significantly different. The aggregate morphology in the presence of monovalent sodium ions is a compact structure with interpenetrating peptides, which differs from the more loosely connected peptides in the presence of either potassium or magnesium ions.

The different ways in which the cations effectively renormalize the charges of peptides are suggested to be the cause of the differential effects of different salts studied here. These simulations underscore the importance of understanding both the valency and nature of salts in biologically relevant aggregated structures [G].

A spherically confined neutral polymer in the presence of crowding particles was studied to investigate the polymer shapes and conformations as a function of the strength of the attraction to the confining wall, solvent quality, and the density of crowders. The conformations of the polymer under good solvent conditions are weakly dependent on crowder particle density, even when the polymer is strongly confined.

In contrast, under poor solvent conditions, when the polymer assumes a collapsed conformation when unconfined, it can exhibit transitions to two different adsorbed phases, when either the interaction with the wall or the density of crowder particles is changed. One such transition involves a desorbed collapsed phase change to an adsorbed extended phase as the attraction of the polymer towards the confining wall is increased. Such an adsorbed extended phase can exhibit a second transition to an ordered adsorbed collapsed phase as the crowder particle density is increased. The ordered adsorbed collapsed phase of the polymer differs significantly in its structure from the desorbed collapsed phase. We revisit the earlier understanding of the adsorption of confined polymers on attractive surfaces in light of our results [Tr].

An invited book chapter summarizing our long-time efforts on biomimetic antimicrobial polymers in general and on our work on methacrylate-based polymers in particular has been written. Following a brief summary of the physiochemical features of methacrylate AMPoly, and the most significant developments in their design as potent antimicrobial agents, special emphasis is laid on recent insights gained using computer simulations on their mechanism of microbial membrane recognition, invasion, and subsequent destabilization [Ve].

Do we need a new kind of physics for understanding social behavior ?

The enterprise of trying to explain different social and economic phenomena using concepts and ideas drawn from physics has a long history. Statistical mechanics, in particular, has been often seen as most likely to provide the means to achieve this, because it provides a lucid and concrete framework for describing the collective behavior of systems comprising large numbers of interacting entities. Several physicists have, in recent years, attempted to use such tools to throw light on the mechanisms underlying a plethora of socio-economic phenomena. These endeavors have led them to develop a community identity - with their academic enterprise being dubbed as “econophysics” by some.

However, the emergence of this field has also exposed several academic fault-lines. Social scientists often regard physics-inspired models, such as those involving spins coupled to each other, as over-simplifications of empirical phenomena. At the same time, while models of rational agents who strategically make choices based on complete information so as to maximize their utility are commonly used in economics, many physicists consider them to be caricatures of reality.

A recent essay written by IMSc scientists which will be appearing in a book to be published by Springer shows that while these contrasting approaches may seem irreconcilable there are in fact many parallels and analogies between them. In addition, the scientists suggest that a new formulation of statistical mechanics may be necessary to permit a complete mapping of the game-theoretic formalism to a statistical physics framework.

As the essay puts it, “This may indeed turn out to be the most significant contribution of econophysics”.

String Theory

Starting from the Exact Renormalization Group equation of a boundary conformal field theory it is shown that one can obtain Holographic Renormalization Group equations in some simple cases. This goes some distance towards a derivation of the AdS/CFT correspondence, also called “holography”.

In a paper the fixed point Wilson action for the critical O(N) model in 48722;949; dimensions is written down in the 949; expansion to order 949;2. It is obtained by solving the fixed point

Polchinski Exact Renormalization Group equation (with anomalous dimension) in powers of 949;. This is an example of a theory that has scale and conformal invariance while having a finite UV cutoff. The energy momentum tensor for this theory is also constructed (at zero momentum) to order 949;2. This is done by solving the Ward identity for the bare action to leading order in powers of the momentum, and then evolving down to the lower scale as a composite operator using exact RG equations. It is verified that the trace of the energy momentum tensor is proportional to the violation of scale invariance as given by the exact RG (i.e. 946; function) and that at the lower scale the energy momentum tensor is traceless (to the required order in 949;), thus ensuring scale and conformal invariance of the IR fixed point theory [Du]

2.3.2 List of Publications

The list of publications follows the following conventions: firstly, names of (co)authors who are not IMSc members are marked with a superscript^∗; secondly, the citation labels used for cross-referencing with the research summary are constructed from the last name of the first IMSc author and finally the list is ordered alphabetically according to the labels.

[A1] Taushif Ahmed^∗, A. Ajjath, Long Chen^∗, Prasanna K. Dhani, Pooja Mukherjee, and V. Ravindran.

Two-loop qcd helicity amplitudes for higgs production associated with a vector boson through bottom quark annihilation.

In Proceedings, 14th International Symposium on Radiative Corrections: Application of Quantum Field Theory to Phenomenology (RADCOR 2019): Avignon, France, September 8-13, 2019, Oct 2019.

[A2] A. Ajjath, Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, Pooja Mukherjee, Narayan Rana, and V. Ravindran.

Higgs pair production from bottom quark annihilation to NNLO in QCD. JHEP05(2019)030, 2019(Source:eprint:1811.01853 [hep-ph), Article 30, 2019.

[A3] A. Ajjath, Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, Pooja Mukherjee, Narayan Rana, and V. Ravindran.

Nnlo QCD ⊕ QED corrections to higgs production in bottom quark annihilation. Phys. Rev. D., 100(Source: eprint: 1906.09028), 114016, 2019.

[A4] A. Ajjath, Amlan Chakraborty, Goutam Das^∗, Pooja Mukherjee, and V. Ravindran.

Resummed prediction for higgs boson production through bb̄ annihilation at N^3 LL. JHEP, 11(2019)006, 11(Source: eprint: 1905.03771), Article. 006, 2019.

[A5] A. Ajjath, Goutam Das^∗, M. Kumar^∗, Pooja Mukherjee, V. Ravindran, and Kajal Samantha^∗.

Resummed drell-yan cross-section at n^3ll. In (Source: eprint: 2001.11377). 2020. eprint: 2001.11377 (Submitted).

[A6] A. Ajjath, Pooja Mukherjee, and V. Ravindran. Infrared structure of su(n) × u(1) gauge theory to three loops. In (Source: eprint: 1912.13386). 2019. eprint: 1912.13386 (Submitted).

[An] Ramesh Anishetty and T. Sreeraj.

Addition of SU(3) generators and its singlet hilbert space.

Journal of Mathematical Physics, 60 (6)(Source: MR: 3959133), 061701, 13, 2019.

[Anu] A. Anupam and P. Athira^∗.

Generalised coherent states in qcd from asymptotic symmetries. In (Source: eprint: 1907.06255). 2019. eprint: 1907.06255[hep-th] (Submitted).

[As1] Sujay K. Ashok, P. N. Balasubramanian, Aditya Bawane^∗, Dileep P. Jatkar^∗, Dharmesh Jain^∗, and Arkajyoti Manna. Exact wkb analysis of cp1 holomorphic blocks. Journal of High Energy Physics, 10(2019), 075, 2019.

[As2] Sujay K. Ashok, Dileep P. Jatkar^∗, and Madhusudhan Raman^∗. Aspects of hecke symmetry: Anomalies, curves, and chazy equations. SIGMA, 16, 01, 2020.

[As3] Sujay K. Ashok and Jan Troost^∗. A duality in two-dimensional gravity.

Journal of High Energy Physics, 2019(05), 111, 2019. 1812.05822 (Submitted).

[As4] Sujay K. Ashok and Jan Troost^∗.

Topological open/closed string dualities: Matrix models and wave functions. Journal of High Energy Physics, 09(2019), 064, 2019.

[B] Himanshu Badhani and C. Chandrasekhar.

Gravitationally induced entanglement between two quantum walkers. page (Source: eprint: 1907.06953). 2019. 1907.06953 (Submitted).

[Ba] Trilochan Bagarti and Shakti N. Menon.

Milling and meandering: Flocking dynamics of stochastically interacting agents with a field of view.

Physical Review E, 100(1), 012609, 2019.

[Bag1] Y. Maan^∗, B. Joshi^∗, M. Surnis^∗, M. Bagchi, and P. Manoharan^∗. Distinct properties of the radio burst emission from the magnetar xte j1810-197. Astrophysical Journal Letters, 882(1), L9, 2019.

[Bag2] J. Martinez^∗, P. Gentile^∗, P. Freire^∗, K. Stovall^∗, J. Deneva^∗, G. Desvignes^∗, F. Jenet^∗, M. McLaughlin^∗, M. Bagchi, and T. Devine^∗.

The discovery of six recycled pulsars from the arecibo 327-mhz drift-scan pulsar survey. The Astrophysical Journal, 881(2), 166, 2019.

[Bal] Sourav Ballav and Renjan Rajan^∗.

Modular properties of surface operators in n = 2 sqcd.

JHEP07(2019), 2019(Source: eprint: 1905.10898), Article:177, 2019.

[Ban1] Taushif Ahmed^∗, Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, and V. Ravindran.

Form factors with two-operator insertion and violation of transcendentality principles. In (Source: arXiv:1911.11886 [hep-th]). 2019. arXiv:1911.11886 [hep-th] (Submitted).

[Ban2] Taushif Ahmed^∗, Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, and V. Ravindran.

The curious case of leading transcendentality: Three point form factors. In (Source: arXiv:1905.12770 [hep-th]). 2019. arXiv:1905.12770 [hep-th] (Submitted).

[Bas] Melissa van Beekveld^∗, Wim Beenakker^∗, Rahul Basu, Eric Laenen^∗, Anuradha Misra^∗, and Patrick Motylinski^∗.

Next-to-leading power threshold effects for resummed prompt photon production. Phys. Rev., D., 100 (5)(Source :eprint: 1905.11771), 056009, 2019.

[Bh1] Srimoy Bhattacharya, Aritra Biswas^∗, Soumitra Nandi^∗, and Sunando Kumar Patra^∗.

Exhaustive model selection in b → sℓℓ decays: Pitting cross-validation against aic_c. Phys. Rev., D, 101 (5)(Source: eprint: 1908.04835), 055025, 2020.

[Bh2] Srimoy Bhattacharya, Soumitra Nandi^∗, Sunando Kumar Patra^∗, and Ria Sain. A detailed study of the λ_b → λℓ^+ℓ^− decays in the standard model. (Source: eprint: 1912.06148), 2019. 1912.06148 (Submitted).

[Bi] Apurba Biswas, V. V. Prasad^∗, and R. Rajesh.

Asymptotic velocity distribution of a driven one dimensional binary granular maxwell gas. Journal of Statsitical Mechanics, 2020, 013202, 2020.

[C1] Subhroneel Chakrabarti, Deepali Mishra^∗, Yogesh K. Srivastava^∗, and Amitabh Virmani^∗.

Generalised Garfinkle-Vachaspati Transform With Dilaton. Classical and Quantum Gravity, 36 (12), Article. 125008, 2019.

[C2] Subhroneel Chakrabarti and Madhusudan Raman^∗. Chiral decoupling from irrelevant deformations. In (Source: eprint: 2001.06870). 2020. eprint: 2001.06870 (Submitted).

[Ch] Arghya Chattopadhyay, Suvankar Dutta^∗, Debangshu Mukerjee^∗, and Neetu^∗. Quantum mechanics of plancherel growth. 2019.

eprint: 1909.06797 (Submitted).

[Cha1] Bhanu P. Bhowmik^∗, Pinaki Chaudhuri, and Smarajit Karmakar^∗. Effect of pinning on the yielding transition of amorphous solids. Physical Review Letters, 123, 185501, 2019.

[Cha2] Pranab J. Bhuyan^∗, Rituparno Mandal^∗, Pinaki Chaudhuri, Abhishek Dhar^∗, and Chandan Dasgupta^∗.

Aging effects on thermal conductivity of glass-forming liquids. Physical Review E, 101, 022125, 2020.

[Cha3] Ehsan Irani^∗, Pinaki Chaudhuri, and Claus Heussinger^∗. Discontinuous shear-thinning in adhesive dispersions. Physical Review Fluids, 4, 074307, 2019.

[Chaw] Prateek Chawla, C V Ambarish^∗, and C. M. Chandrashekar. Quantum percolation in quasicrystals using continuous-time quantum walk. J. Phys. Commun., 3(12), 125004, 2019.

[Chh] Saroj Prasad Chhatoi and S. Kalyana Rama. Non singular, bouncing m theory universe. page (Source: eprint: 2002.10161). 2020. eprint: 2002.10161 (Submitted).

[Co1] Ajit A. Coimbatore Balram, Karsten K. Flensberg^∗, Jens J. Paaske^∗, and Mark M. Rudner^∗.

Current-induced gap opening in interacting topological insulator surfaces. Physical Review Letters, 123(246803), 246803, 2019.

[Co2] Ajit A. Coimbatore Balram, Jainendra J. Jain^∗, and Maissam M. Barkeshli^∗. Z_nsuperconductivityofcompositebosonsandthe7/3fractionalquantumhalleffect. P hys.Rev.Research, 2(1), 013349, 2020.

[Co3] Jeroen J. Danon^∗, Ajit A. Coimbatore Balram, Samuel S. Sanchez^∗, and Mark M. Rudner^∗.

Charge and spin textures of ising quantum hall ferromagnet domain walls. Phys. Rev. B, 100(23), 235406, 2019.

[D1] Minati Biswal^∗, Shreyansh S. Dave, and A. Srivastava^∗. Re-visiting gravitational wave events via pulsars. In (Source: eprint: 1909.04476). 2019. eprint: 1909.04476 (Submitted).

[D2] Shreyansh S. Dave and Sanatan Digal.

Effects of oscillating spacetime metric background on a complex scalar field and formation of topological vortices.

page (Source: eprint: 1911.13216). 2019. e-Print: 1911.13216 [hep-th] (Submitted).

[Di] Minati Biswal^∗, Sanatan Digal, and P. Saumia^∗. z_3 meta-stable states in pnjl model. In (Source: eprint: 1907.07981). 2019. eprint: 1907.07981 (Submitted).

[Du] Semanti Dutta, Balachandran Sathiapalan, and Hidenori Sonoda^∗. Wilson action for the o(n) model. 2019.

(Preprint: IMSc/2019/12/12). [G] Susmita Ghosh, Devanand T, Upayan Baul, and Satyavani Vemparala. Aggregation dynamics of charged peptides in water: effect of salt concentration. The Journal of Chemical Physics, 151, 074901, 2019.

[Go] Shrihari Gopalakrishna and Arunprasath Velusamy. Higgs vacuum stability with vectorlike fermions. Physical Review D, 99, 115020–1, 2019.

[Gov1] T. R. Govindarajan and Sumanta Chakraborty^∗. Embedding into flat spacetime and black hole thermodynamics. Mod. Phys. Lett. A, 35(5)(Source: eprint: 1908.09074), 2050013, 2020.

[Gov2] T. R. Govindarajan, Jai D. More^∗, and P. Ramadevi^∗. Light-front qed, stueckelberg field and infrared divergence. Modern Phys. Lett. A, 34(18)(Source: MR: 3963202), 1950141, 2019. [H] Arjun H and Pinaki Chaudhuri.

Glass forming liquid in a quenched random potential. Soft Matter, 2020.

DOI: 10.1039/C9SM01729A (To be published).

[I1] D. Indumathi.

India-based neutrino observatory (ino): Physics and status report.

In Proceedings, 16th Conference on Flavor Physics and CP Violation (FPCP 2018): Hyderabad, India, July 14-18, 2018, pages Spring. Proc. Phy., 234, 309–314, Nov 2019.

[I2] Aleena Chacko^∗, D. Indumathi, James F. Libby^∗, and P. Behera^∗. First simulation study of trackless events in the ino-ical detector to probe the sensitivity to atmospheric neutrinos oscillation parameters. page (Source: eprint: 1912.07898). 2019. eprint: 1912.07898 (Submitted).

[I3] D. Indumathi, Lakshmi S. Mohan^∗, and M.V.N. Murty. Hierarchy independent sensitivity to leptonic δ_cpwithatmosphericneutrinos. P hys.Rev.D, 100(11)(Source : eprint : 1701.08997), 115027, 2019.

[I4] Karaparambil Rajan Rebin^∗, Jim Libby^∗, D. Indumathi, and Lakshmi S. Mohan^∗. Study of neutrino oscillation parameters at the ino-ical detector using event-by-event reconstruction.

Eur. Phys. J. C, 79(Source: eprint: 1804.02138), Article: 295, 2019. [J] R. Janaki, Shakti N. Menon, Rajeev Singh, and Sitabhra Sinha. Lateral inhibition provides a unifying framework for spatiotemporal pattern formation in media comprising relaxation oscillators. Physical Review E, 99(5), 052216, 2019.

[Jo] Jilmy P. Joy and R. Rajesh.

Shock propagation in the hard sphere gas in two dimensions: comparison between simulations and hydrodynamics. 2019.

ArXiv:1907.03416 (Submitted).

[K1] Anirban Karan and Abinash Kumar Nayak. Estimation of t and c !pt violation in neutral b meson mixing from indirect c !p asymmetry: Proceedings, 16th conference on flavor physics and cp violation (fpcp 2018): Hyderabad, india, july 14-18, 2018.

In Springer Proc. Phys.: vol.234 (Source: iNSPIRE-HEP), pages 277–285, Nov 2019.

[K2] Anirban Karan and Abinash Kumar Nayak.

Behavior of observables for neutral meson decaying to two vectors in the presence of t, cp, and cpt violation in mixing only.

Phys. Rev., D., 101(Source: eprint: 2001.05282), 015027, 2020.

[Ka] Shilpa Kastha, Anuradha Gupta^∗, K. Arun^∗, B. Sathyaprakash^∗, and Chris V. Broeck^∗.

Testing the multipole structure and conservative dynamics of compact binaries using gravitational wave observations: The spinning case.

Phys. Rev., D, 100(Source: eprint: 1905.07277), 044007, 2019.

[Kau] Abhiram Kaushik, Siddhesh Padval^∗, Rohini M. Godbole^∗, Vaibhav Rawoot^∗, and Anuradha Misra^∗.

Gluon sivers function and transverse single spin asymmetries in e + p^{uparrowtogamma+x}. 2020.

(Preprint: 2002.01282).

[Ku] Debajyoti Choudhury^∗, Nilanjana Kumar, and Anirban Kundu^∗. Search for an opposite sign muon-tau pair and a b-jet at the lhc in the context of flavor anomalies.

Phys. Rev. D., 100 (07)(Source: eprint: 1905.07982), 075001, 2019.

[M1] Sanjoy Mandal.

Constraining right handed gauge boson mass from lepton number violating meson decays in a low scale left right model: Proceedings, 39th international conference on high energy physics (ichep2018): Seoul, korea, july 4-11, 2018.

In PoS: Vol.340. The 39th International Conference on High Energy Physics (ICHEP2018) - Parallel: Beyond the Standard Model, Aug 2019.

[M2] Rojalin Padhan^∗, Sanjoy Mandal, Manimala Mitra^∗, and Nita Sinha. Signatures ofR̃_2 class of leptoquarks at the upcoming ep colliders. page (Source: eprint: 1912.07236). 2019. eprint: 1912.07236 (Submitted).

[Me1] Shakti N. Menon, V. Sasidevan^∗, and Sitabhra Sinha. Is life (or at least socioeconomic aspects of it) just spin and games?

In Network theory and agent-based modeling in economics and finance, pages 265–281. Springer, Singapore, Apr 2019.

[Me2] Jennifer A. Flegg^∗, Shakti N. Menon, Helen M. Byrne^∗, and Sean McElwain^∗. A current perspective on wound healing and tumour-induced angiogenesis. Bulletin of Mathematical Biology, 82, 23, 2020. [N] Abinash Kumar Nayak, Rahul Sinha, Anirban Karan, and Benjamin Grinstein^∗. Testing electroweak-penguin pollution in weak phase 945; measurement using B → ππandB→ ρρdecays.

InP hys.Rev.D101, 073001(2020).(Source : eprint : 2002.09134).2020. eprint : 2002.09134(T obepublished).

[P1] V. V. Prasad, D. Das^∗, S. Sabhapandit^∗, and R. Rajesh. Velocity distribution of driven granular gases. Journal of Statistical Mechanics, 2019, 063201, 2019.

[P2] V. V. Prasad and R. Rajesh.

Asymptotic behavior of the velocity distribution of driven inelastic gas with scalar velocities: Analytical results.

Journal of Statistical Physics, 176, 1409, 2019. [R] G. Rajasekaran.

Does the wolfenstein form work for the leptonic mixing matrix? In (Source: eprint: 1907.08380). 2019. 1907.08380 [hep-ph] (Submitted).

[Ra1] Pinaki Banerjee^∗, Alok Laddha^∗, and Prashanth Raman. Stokes polytopes: the positive geometry for ϕ^4 interactions.

Journal of High Energy Physics, 2019(Source: MR: 4014536), Article: 67, 2019.

[Ra2] Prashanth Raman.

The positive geometry for ϕ^p interactions.

Journal of High Energy Physics, 10, (271) 33.(Source: MR: 4051117), Artile.271, 2019.

[Ram1] S. Kalyana Rama.

Non singular m theory universe in loop quantum cosmology inspired models. Gen. Rel. Grav., 51, (6)(Source: eprint: 1903.09770), Article: 75, 2019.

[Ram2] S. Kalyana Rama.

Black hole or fuzz ball or a loop quantum star ? assessing the fate of a massive collapsing star.

page (Source: eprint: 1912.05300). 2019. arXiv:1912.05300 (Submitted).

[Ran1] Garima Rani and Issan Patri^∗.

Importance of being cross-linked for the bacterial cell wall. Phys. Rev. E, 100(6), 062408–1, 2019.

[Ran2] Garima Rani and Issan Patri^∗.

Modeling heterogeneities in the crosslinked bacterial sacculus. Phys. Rev. Research, 2(1), 013090–1, 2020.

[Rav1] Rathul Nath Raveendran.

Gauge invariant prescription to avoid a γ-crossing instability in a galileon bounce. Phys. Rev., D, 99(Source: MR: 4002799), 103517, 5, 2019.

[Rav2] Rathul Nath Raveendran and L. Sriramkumar^∗.

Viable scalar spectral tilt and tensor-to-scalar ratio in near-matter bounces. Phys. Rev. D, 100(Source: eprint: 1812.06803), 083523, 2019.

[Ravi] Arunima Bhattacharya^∗, Maguni Mahakhud^∗, Prakash Mathews^∗, and V. Ravindran.

Two loop qcd amplitudes for di-pseudo scalar production in gluon fusion. JHEP, 02(Source: eprint: 1909.08993), 121, 2020.

[Ri] Sain Ria.

Lepton mass effects and angular observables in λ_b → λ(→ pπ)ℓ^+ℓ^−.

In Proceedings, 16th Conference on Flavor Physics and CP Violation (FPCP 2018): Hyderabad, India, July 14-18, 2018. Springer Proc. Phys., page 121. Springer, Nov 2019. (Source: iNSPIRE-HEP) (Submitted).

[Ro1] Luis Miguel García Martn^∗, Brij Jashal^∗, Fernando Martnez Vidal^∗, Arantza Oyanguren^∗, Shibasis Roy, Ria Sain, and Rahul Sinha. Radiative b-baryon decays to measure the photon and b-baryon polarization. The European Physical Journal C, 79(Source: eprint: 1902.04870), Artile: 634, 2019.

[Ro2] Shibasis Roy, Rahul Sinha, and N. Deshpande^∗.

Nonleptonic beauty baryon decays and cp asymmetries based on an su(3) -flavor analysis. Phys. Rev. D, 101(Source: eprint: 1911.01121), 036018, 2020. [S] Anupam Sarkar and C. M. Chandrashekar.

Multi-bit quantum random number generator from a single qubit quantum walk. Nature Scientific Reports, 9, 12323, 2019.

[Sh] Anupama Sharma, Shakti N. Menon, V. Sasidevan, and Sitabhra Sinha. Epidemic prevalence information on social networks mediates emergent collective outcomes in voluntary vaccine schemes.

PLoS Computational Biology, 15(5), e1006977, 2019.

[Sha1] Mark Mace^∗, Niklas Mueller^∗, Soeren Schlichting^∗, and Sayantan Sharma. Chirality transfer chiral turbulence in gauge theories. In Proceedings for Quark Matter 2019, Mar 2020. 2003.00763 (Submitted).

[Sha2] A. Bazavov^∗, D. Bollweg^∗, H. Ding^∗, P. Enns^∗, J. Goswami^∗, P. Hegde^∗, O. Kaczmarek^∗, F. Karsch^∗, C. Larsen^∗, Swagato Mukherjee^∗, H. Ohno^∗, P. Petreczky^∗, C. Schmidt^∗, Sayantan Sharma, and P. Steinbrecher^∗. Skewness, kurtosis and the 5th and 6th order cumulants of net baryon-number distributions from lattice qcd confront high-statistics star data. page (Source: eprint: 2001.08530). 2020. arXiv:2001.08530 [hep-lat] (Submitted).

[Sha3] A. Bazavov^∗, S. Dentinger^∗, H. Ding^∗, P. Hegde^∗, O. Kaczmarek^∗, F. Karsch^∗, E. Laermann^∗, Anirban Lahiri^∗, Swagato Mukherjee^∗, H. Ohno^∗, P. Petreczky^∗, R. Thakkar^∗, H. Sandmeyer^∗, C. Schmidt^∗, Sayantan Sharma, and P. Steinbrecher^∗.

Meson screening masses in (2+1)-flavor qcd.

Phys. Rev. D, 100 (9)(Source: eprint: 1908.09552), 094510, 2019.

[Sha4] Rasmus N. Larsen^∗, Sayantan Sharma, and Edward Shuryak^∗. Towards a semi-classical description of qcd vacuum around t_c. page (Source: eprint: 1912.09141). 2019. arXiv:1912.09141 [hep-lat] (Submitted).

[Sha5] Mark Mace^∗, Niklas Mueller^∗, Sren Schlichting^∗, and Sayantan Sharma. Chiral instabilities the onset of chiral turbulence in qed plasmas. page (Source: eprint: 1910.01654). 2019. arxiv: 1910.01654 (Submitted).

[Si1] Ilaria Pizio^∗, Shivani Singh, C. M. Chandrashekar, and Matteo G. Paris^∗. Quantum probes for quantum wells. J. Phys. A: Math. Theor., 52, 265302, 2019.

[Si2] Ilaria Pizio^∗, Shivani Singh, C.M. Chandrashekar, and Matteo G.A. Paris^∗. Optimal strategies to infer the width of an infinite square well by performing measurements on the particle(s) contained in the well.

J. Phys. A, 52 (26)(Source: MR: 3962345), 265302, 17, 2019.

[Si3] Shivani Singh, Radhakrishnan Balu^∗, Raymond Laflamme^∗, and C. M. Chandrashekar.

Accelerated quantum walk, two-particle entanglement generation and localization. Journal of Physics Communications, 3(5), 055008, 2019.

[Si4] Shivani Singh, C. M. Chandrashekar, and Matteo G. Paris^∗. Quantum walker as a probe for its coin parameter. Phys. Rev. A, 99, 052117, 2019.

[Sin1] Eung Jin Chun^∗, Arindam Das^∗, Sanjoy Mandal^∗, Manimala Mitra^∗, and Nita Sinha.

Sensitivity of lepton number violating meson decays in different experiments. Phys. Rev. D, 100(Source: eprint: 1908.09562), 095022, 2019.

[Sin2] C. Soumya^∗, Monojit Ghosh^∗, Sushant K. Raut^∗, Nita Sinha, and Poonam Mehta^∗. Probing muonic charged current nonstandard interactions at decay-at-rest facilities in conjunction with t2hk.

Phys. Rev. D, 101 (5)(Source: eprint: 1911.05021), 055009, 2020.

[Sr] T. Sreeraj and Ramesh Anishetty.

Gauss law at a vertex in lattice qcd and its gauge invariant hilbert space. In (Source: eprint: 1906.03893). 2019. arxiv: 1906.03893(hep-lat) (Submitted). [T] Devanand T, Krishnaswamy Sankaran, and Satyavani Vemparala. Interdigitation of lipids induced by membrane active proteins. Journal of Membrane Biology, 331, 252, 2019.

[Th] R. Thiru Senthil and G. Rajasekaran.

Anomalous kolar events and dark matter decay in dwarf spheroidal galaxies. In (Source: eprint: 1906.08951). 2019. arXiv:1906.08951v1 [hep-ph] (Submitted).

[Tr] Kamal Tripathi, Gautam I. Menon, and Satyavani Vemparala. Confined crowded polymers near attractive surfaces. The Journal of Chemical Physics, 151, 244901, 2019.

[V] Vinay Vaibhav, Juergen Horbach^∗, and Pinaki Chaudhuri. Response of glassy liquids to thermal gradients. Physical Review E, 101, 022605, 2020.

[Ve] Upayan Baul^∗ and Satyavani Vemparala. Biomimetic antimicrobial polymers.

In Shady Farah Abraham J Domb, Konda Reddy Kunduru, editor, Antimicrobial Materials for Biomedical Applications, page 113. The Royal Society of Chemistry, 2019.

[Vi] N. Vigneshwar, D. Mandal, K. Damle^∗, D. Dhar^∗, and R. Rajesh. Phase diagram of a system of hard cubes on the cubic lattice. Physical Review E, 99, 052129, 2019.

2.4 Theoretical Computer Science

2.4.1 Research Summary & Highlights

Automata, Logic and Concurrency

Notions of equilibria are central not only to game theory but also computational social choice theory and voting systems, and most algorithmic problems in these areas can be seen as computation of fixed-points of suitably defined operators. In [D], we suggest the the extension of first order logic with monadic least fixed-point operators and counting is appropriate for a variety of these problems, and present a model checking algorithm for the logic,

An important aspect of security theory is the study of algebraic properties of encryption algorithms and how they impact security verification. When encryption is distributive over pairing, as we have in the case of blind pairs, the associated Dolev-Yao theory is generally hard, and becomes non-elementary for Abelian group operators. [R] presents an intermediate theory of associative distributive encryption which is elementary but yet DEXPTIMEcomplete.

Term-modal logics are closely related to First order modal logics. These are of great interest for infinite state systems but are typically undecidable, hence it is a challenge to find decidable fragments. [P] identifies the two variable fragment of term-modal logic as a decidable one. The proof proceeds by constructing a new normal form as well as a novel inductive construction generalizing the one for two variable first order logic.

Computational Complexity

For quantified Boolean formulas (QBF) there are two main different approaches to solving: conflict-driven clause learning (QCDCL) and expansion solving. In [Ma], the underlying proof systems are compared, and it is shown that expansion systems admit strictly shorter proofs than QCDCL systems for formulas of bounded quantifier complexity, thus pointing towards potential advantages of expansion solving techniques over QCDCL solving.

The first result shows that tree-like expansion systems allow short proofs of QBFs that are a source of hardness for QCDCL, i.e. tree-like ∀Exp+Res is strictly stronger than tree-like Q-Resolution.

The second result shows that dag-like Q-Resolution proofs of QBFs with bounded quantifier complexity can be efficiently transformed into ∀Exp+Res proofs. This is theoretical confirmation of experimental findings by Lonsing and Egly, who observed that expansion QBF solvers often outperform QCDCL solvers on instances with few quantifier alternations.

Algorithms and Data Structures

Prof Pavol Hell, a renowned graph theorist from Simon Fraser University,Canada, visited IMSc during November 27th to 30th, and in conjunction with the visit, a two day workshop was organized with the title, ‘Graphs, Structures and Algorithms’ on November 28th and 29th. The meeting had 13 talks by experts from IIT Madras, IISc Bangalore, IIT Hyderabad, Chennai Mathematical Institute and Indian Statistical Institute Chennai apart from Prof Pavol Hell and students and faculty of IMSc. It had over 50 participants from IMSc, IIT Madras, CMI and other institutions in Chennai.

2.4.2 List of Publications

The list of publications follows the following conventions: firstly, names of (co)authors who are not IMSc members are marked with a superscript^∗; secondly, the citation labels used for cross-referencing with the research summary are constructed from the last name of the first IMSc author and finally the list is ordered alphabetically according to the labels.

[A1] V. Arvind, Abhranil Chatterjee, Rajit Datta^∗, and Partha Mukhopadhyay^∗. Efficient black-box identity testing for free group algebras.

In Laszlo A. Vegh Dimitris Achlioptas, editor, Approximation, Randomization, and Combinatorial Optimization. Algorithms and Techniques, APPROX/RANDOM 2019, page 57:1. LiPiCS, Schloss Dagstuhl - Leibniz-Zentrum fr Informatik, Sep 2019.

[A2] V. Arvind, Frank Fuhlbruck^∗, Johannes Koebler^∗, and Oleg Verbitsky^∗. On weisfeiler-leman invariance: Subgraph counts and related graph properties. In Levcopoulos Gasieniec, Jansson, editor, Fundamentals of Computation Theory - 22nd International Symposium, FCT 2019, page 111. Lecture Notes in Computer Science vol. 11651, Springer Verlag, Aug 2019.

[A3] V. Arvind, Abhranil Chatterjee, Rajit Datta^∗, and Partha Mukhopadhyay^∗.

Fast exact algorithms using hadamard product of polynomials.

In Paul Gastin Arkadev Chattopadhyay, editor, 39th IARCS Annual Conference on Foundations of Software Technology and Theoretical Computer Science, FSTTCS 2019, page 9:1. LiPiCS, 150, Schloss Dagstuhl, Leibniz-Zentrum fuer Informatik 2019, Dec 2019.

[A4] V. Arvind, Abhranil Chatterjee, Rajit Datta^∗, and Partha Mukhopadhyay^∗. On explicit branching programs for the rectangular determinant and permanent polynomials. In Guochuan Zhang Pinyan Lu, editor, 30th International Symposium on Algorithms and Computation, ISAAC 2019, page 38:1. LIPIcs 149, Schloss Dagstuhl - Leibniz-Zentrum fuer Informatik, Dec 2019.

[A5] V. Arvind, Frank Fuhlbruck^∗, Johannes Koebler^∗, and Oleg Verbitsky^∗. On the weisfeiler-leman dimension of fractional packing.

In Dana Shapira Claudio Zandron Alberto Leporati, Carlos Martin-Vide, editor, Language and Automata Theory and Applications - 14th International Conference, LATA 2020, page 357. Lecture Notes in Computer Science 12038, Springer 2020, Mar 2020. [B] Niranka Banerjee, Venkatesh Raman, and Saket Saurabh. Fully dynamic arboricity maintenance.

In Tian C. Du Dz, Duan Z, editor, International Computing and Combinatorics Conference (COCOON), page 1. Springer, Jul 2019. [D] Ramit Das, R. Ramanujam, and Sunil Simon^∗. Reasoning about social choice and games in monadic fixed-point logic. In Larry Moss, editor, Theoretical Aspects of Rationality and Knowledge, page 106. EPTCS Volume 297, Jul 2019.

[G1] Ghurumuruhan Ganesan.

Graph extensions, edit number and regular graphs.

Discrete Applied Mathematics. The Journal of Combinatorial Algorithms, Informatics and Computational Sciences, 258(Source: MR: 3926434), 269–275, 2019.

[G2] Ghurumuruhan Ganesan.

Traveling salesman problem across well-connected cities and with location-dependent edge lengths.

Proceedings - Mathematical Sciences, 129(Source: MR: 3993866), Article number: 78, 2019.

[Gh] Aruni Choudhary^∗ and Arijit Ghosh. Delaunay simplices in diagonally distorted lattices.

Computational Geometry: Theory and Applications, 81(Source: MR: 3958661), 33–44, 2019.

[J1] Ashwin Jacob, Diptapriyo Majumdar^∗, and Venkatesh Raman. Parameterized complexity of conflict-free set cover.

In Computer Science Theory and Applications, 13th International Computer Science Symposium in Russia, CSR 2019, Jul 2019.

[J2] Aritra Banik^∗, Ashwin Jacob, Vijay K. Paliwal^∗, and Venkatesh Raman. Fixed-parameter tractability of (n-k) list coloring.

In Combinatorial Algorithms, 30th International Workshop on Combinatorial Algorithms,IWOCA 2019, Pisa, Italy, Jul 2019.

[J3] Ashwin Jacob, Venkatesh Raman, and Vibha Sahlot. Deconstructing parameterized hardness of fair vertex deletion problems. In Computing and Combinatorics: International Computing and Combinatorics Conference COCOON 2019, Jul 2019.

[M1] Jayakrishnan Madathil, Roohani Sharma, and Meirav Zehavi^∗. A sub-exponential fpt algorithm and a polynomial kernel for minimum directed bisection on semicomplete digraphs.

In Proceedings of the 44th International Symposium on Mathematical Foundations of Computer Science (MFCS), 2019., Aug 2019.

[M2] Jayakrishnan Madathil, Pranabendu Misra^∗, and Saket Saurabh. An erdosposa theorem on neighborhoods and domination number.

In Proceedings of the 25th International Conference on Computing and Combinatorics (CO- COON), 2019., Jul 2019.

[M3] Akanksha Agarwal^∗, Sudeshna Kolay^∗, Jayakrishnan Madathil, and Saket Saurabh.

Parameterized complexity classification of deletion to list matrix-partition for low-order matrices.

In Proceedings of the 30th International Symposium on Algorithms and Computation (ISAAC), 2019., Nov 2019.

[Ma] Olaf Beyersdorff^∗, Leroy Chew^∗, Judith Clymo^∗, and Meena Mahajan. Short proofs in QBF expansion.

In The 22nd International Conference on Theory and Applications of Satisfiability Testing SAT, LNCS 11628, pages 19–35. Springer, Jul 2019.

[Maj] Diptapriyo Majumdar, Rian Neogi, Venkatesh Raman, and Vaishali S. Tractability of konig edge deletion problems. TCS, 796, 207, 2019.

[N1] Rian Neogi, MS Ramanujan^∗, Saket Saurabh, and Roohani Sharma. On the parameterized complexity of deletion to h-free strong components. Feb 2020.

(Submitted).

[N2] Mathew Francis^∗, Rian Neogi, and Venkatesh Raman. Recognizing k-clique extendible orderings. Mar 2020. (Submitted). [P] Anantha Padmanabha and R. Ramanujam. Two variable fragment of term modal logic.

In Pinar Heggernes Peter Rossmanith and Joost-Pieter Katoen, editors, Mathematical Foundations of Computer Science, page 30:1. LIPIcs series vol 138, Schloss Dagstuhl, Aug 2019.

[Pr] Swaroop N. Prabhakar and Vikram Sharma.

Improved bounds on absolute positiveness of multivariate polynomials. Journal of Symbolic Computation, 2019. (To be published). [R] A. Baskar^∗, R Ramanujam, and S P Suresh^∗. Dolev-yao theory with associative blindpair operators.

In Michal Hospodar and Galina Jiraskova, editors, CIAA 2019, Conference on Implementation and Application of Automata, page 58. Springer LNCS vol 11601, Jul 2019.

[Ra] Aritra Banik^∗, Fahad Panolan^∗, Venkatesh Raman, Vibha Sahlot, and Saket Saurabh.

Parameterized complexity of geometric covering problems having conflicts. Algorithmica, 82, 1, 2019. [S] Marek Cygan^∗, Daniel Lokshtanov^∗, Marcin Pilipczuk^∗, MichałPilipczuk^∗, and Saket Saurabh.

Minimum bisection is fixed-parameter tractable. SIAM J. Comput., 48(2)(Source: MR: 3937925), 417, 2019.

[Sh] Prashant Batra^∗ and Vikram Sharma. Complexity of a root clustering algorithm. 2019.

(Submitted).

[Sr] Olaf Beyersdorff^∗, Leroy Chew^∗, and Karteek Sreenivasaiah. A game characterisation of tree-like q-resolution size.

Journal of Computer and System Sciences, 104(Source: MR: 3959707), 82–101, 2019.

[Su1] Abhiruk Lahiri^∗, Joydeep Mukherjee^∗, and C. R. Subramanian. Approximating mis over equilateral b_1-vpg graphs. 2019.

(Preprint: arXiv:1912.07957v1).

[Su2] C. R. Subramanian.

Approximation of mis on geometric intersection graphs. 2019.

(Preprint: manuscript, 16 pages. ).

2.5 Student Programmes

2.5.1 Degrees Awarded

Doctoral Degrees Awarded during 2019 – 2020

Mathematics

Name: Paul, Biplab Thesis Title: Arithmetic of Hecke eigenvalues of Siegel modular forms Thesis Advisor: Gun, S. University: HBNI

Name: Sivaraman, Jyothsnaa Thesis Title: On Euclidean ideal classes in Abelian extensions Thesis Advisor: Gun, S. University: HBNI

Name: Darbar, Pranendu Thesis Title: Correlation of multiplicative functions Thesis Advisor: Mukhopadhyay, Anirban University: HBNI

Physics

Name: Tom, Anvy M.

Thesis Title: Attractive interactions in similarly charged polyelectrolytes Thesis Advisor: Rajesh, R. University: HBNI

Name: Mandal, Dipanjan Thesis Title: Entropy driven phase transitions in hard core lattice gases Thesis Advisor: Rajesh, R. University: HBNI

Doctoral Theses Submitted during 2019 – 2020

Physics

Name: Joy, Jilmy P.

Thesis Title: Shock propagation in dilute inelastic and elastic media Thesis Advisor: Rajesh, R. University: HBNI

Name: Vigneshwar, N.

Thesis Title: Entropy driven phase transition in hard core lattice gas models in three dimensions Thesis Advisor: Rajesh, R. University: HBNI

Name: Oak, Prafulla Thesis Title: Holographic and exact RG beta function computations of the Sine- Gordon model Thesis Advisor: Sathiapalan, Balachandran University: HBNI

Masters Theses during 2019 – 2020

Mathematics

Name: Seethalakshmi, K.

Thesis Title: A Chinese Remainder Theorem for Partitions Thesis Advisor: Prasad, Amritanshu University: IISER Pune

Name: Chopra, Divya Thesis Title: Euclidean algorithm in Number Fields Thesis Advisor: Srinivas, K.

University: Central University of Rajasthan, Rajasthan

Theoretical Computer Science

Name: Thatte, Mitali Thesis Title: Survey of Algorithms for Different Matchings Thesis Advisor: Mahajan, Meena B. University: IISER Pune

Name: Dhamapurkar, Shyam Thesis Title: Study of Quantum Walks and Quantum PageRank Algorithm Thesis Advisor: Mahajan, Meena B. University: Savitribai Phule Pune University

2.5.2 Lecture Courses During 2019 – 2020.

The following lecture courses were offered during 2019 – 2020.

Course Title Period Lecturer

Mathematics

Floer theory Jan-Apr 2019 Venugopalan, Sushmita Measure Theory Jul-Dec 2019 Roy, Indrava Algebra-I Aug-Nov 2019 Mukhopadhyay, Anir- ban Complex Analysis Aug-Dec 2019 Srinivas, K. Topology Aug-Nov 2019 Gun, S. Algebra II Jan-May 2020 Kodiyalam, Vijay Algebraic number theory Jan-Apr 2020 Gun, S. Topology II Jan-May 2020 Raghavan, K. N.

Physics

Classical Field Theory Jan-Apr 2019 Ashok, Sujay K. Gravitation and Cosmology Jan-Apr 2019 Bagchi, Manjari Quantum Field Theory II Jan-May 2019 Gopalakrishna, Shrihari Statistical Mechanics Jan-Apr 2019 Vemparala, Satyavani Quantum Mechanics II Mar-Mar 2019 Sharma, Sayantan Classical Mechanics Aug-Dec 2019 Sathiapalan, Balachandran Electromagnetic Theory Aug-Nov 2019 Bagchi, Manjari Mathematical Methods II Aug-Dec 2019 Rajesh, R. Particle Physics -I Aug-Nov 2019 Sharma, Sayantan Protein Structure Aug-Nov 2019 Vemparala, Satyavani Advanced Condensed Matter Physics Jan-May 2020 Coimbatore Balram, Ajit A.

Cosmology and Gravitation Jan-Apr 2020 Mukhopadhyay, Partha Quantum Field Theory II Jan-Apr 2020 Ashok, Sujay K.

Theoretical Computer Science

Computational Complexity Jan-Mar 2019 Arvind, V. Game theory Jan-May 2019 Ramanujam, R. Parameterized Complexity Jan-Apr 2019 Raman, Venkatesh Proof Complexity Jan-May 2019 Mahajan, Meena B. Theory of Computation (through

video for IIT-Jodhpur BTech)

Jan-Mar 2019 Subramanian, C. R.

Theory of Computation (through

video for IIT-Jodhpur BTech)

Apr-May 2019 Subramanian, C. R.

Algorithms Design and Analysis Aug-Dec 2019 Raman, Venkatesh Communication Complexity Aug-Dec 2019 Mahajan, Meena B. Discrete Mathematics (jointly with

Vikram Sharma)

Aug-Dec 2019 Subramanian, C. R.

Discrete Maths (jointly with Prof.

C.R. Subramanian)

Aug-Dec 2019 Sharma, Vikram

Linear Programming and

combinatorial optimization

Aug-Dec 2019 Sharma, Vikram

Theory of Computation Aug-Dec 2019 Mahajan, Meena B. Boolean Function Complexity Jan-May 2020 Mahajan, Meena B. Computational Complexity Jan-May 2020 Mahajan, Meena B. Parameterized Complexity Jan-Apr 2020 Raman, Venkatesh

Computational Biology

Statistical Field Theory Jan-May 2019 Menon, Gautam I.

2.5.3 Summer Students

Every summer, a small number of students from various institutes/universities come to our instituteand work on some learning/research projects with some faculty member for a period of four to six weeks.The following students visited the institute during Apr, 2019 - Mar, 2020.

Student Faculty

Mathematics

Sucharita, Swati , Central University Of Orissa,

Koraput

Gun, S.

Dabhole, Aishwarya, Fergusson College,Pune Gun, S. Nanda, Gurleen K., IISER Bhopal Raghavan, K. N. Pi, Supriyaa, PSG College of Technology, Coimbatore Srinivas, K. Nair, Amrutha B., IISER Thiruvananthapuram Viswanath, Sankaran

Physics

Garg, Suyog, ndian Institute of Information

Technology, Design and Manufacturing

Bagchi, Manjari

KV, Anagha , NIT Calicut Mukhopadhyay, Partha Nambi, Dolly, IISER, Thiruvanthapuram Mukhopadhyay, Partha Kaos, Swaparjith, IISER Mohali Mukhopadhyay, Partha Anandavijayan, Chandranathan, NISER, Bhubaneswar Sharma, Sayantan Pradhan, Harihar , NISER, Bhubaneswar Sharma, Sayantan Goswami, Debopam, Scottish Church College, Kolkata Sharma, Sayantan

Theoretical Computer Science

Agarwal, Srishti, Ashoka University Mahajan, Meena B.

S, Rahul B., BITS Pilani Goa campus Sharma, Vikram Srinivasan, Adarsh, IISER Pune Sharma, Vikram

2.5.4 Other Students

Students also do their projects under the supervision of our faculty during the academic year.The following students visited the institute during Apr, 2019 - Mar, 2020.

Student Faculty

Mathematics

Sen, Smith, BITS GOA Gun, S. Raavali, Nookala, NIT Rourkela Srinivas, K. Sahoo, Lalatendu Bidyadhar, NIT Rourkela Srinivas, K.

Physics

Gupta, Divyanshu, BITS Pilani (Goa) Ashok, Sujay K. Rigby, Elizabeth, Oberlin College and Conservatory,

USA.

Bagchi, Manjari

Chwalik, Erica, West Virginia University, USA Bagchi, Manjari Vaswani, Aditya, BITS Pilani, Rajasthan Mukhopadhyay, Partha Kuzhively, Disha, graduated from NISER

Bhubaneswar in 2019

Sharma, Sayantan

Ayyagiri, Saveri S., Sastra University, Thanjavur Raman, Venkatesh Suresh, Nishank, Shiv Nadar University Raman, Venkatesh

2.5.5 Apalat Fellowship

2.6 Honours and Awards

Amritanshu Prasad was awarded Fellow, for 2019, by the Indian Academy of Sciences.

Dishant Pancholi was awarded “The Shanti Swarup Bhatnagar Prize for Science and Technology in Mathematical Sciences for 2019.

Biplab Paul, a recent graduate student in Mathematics, has been awarded JSPS postdoctoral fellowship in Japan.

Roohani Sharma, a senior research fellow(graduate student) in Theoretical Computer Science was offered a “Lisa Meitner Award postdoctoral fellowship for excellent women computer scientists at “Max Planck Institute for Informatics, that allows her to pursue independent research.

Chapter 3 Other Professional Activities

This chapter lists the activities carried out by the individual members of the institute in their professional capacity. Arvind, V.

Member of Academic Council, Homi Bhabha National Institute Associate Editor of Editorial Board, ACM Journal on Transactions of Computation Theory Editor of Computational Complexity Column, Bulletin European Association of Theoretical Computer Science Member of Programme Committee of the Symposium on Theoretical Aspects of Computer Science during Aug 2019 – Mar 2020. Bagchi, Manjari Convener of International Organising Committee for IPTA 2019 Conference held at Orchid Hotel, Pune, India during Jun 10 – Jun 21, 2019.

Reviewer of GMRT observation proposals during Aug 2019 – Feb 2020. Reviewer of online course on Astronomy and Astrophysics (ARPIT-2019) for teachers of colleges and universities as a part of the SWAYAM programme of the Government of India. The course was prepared by IUCAA, the National Resource Centre for A during Aug – Aug, 2019.

Lecture at Coimbatore, India on Sep 22, 2019. “Talking to the stars” at Scicon India 2019 (https://sciconindia.com/), a science and technology conference (covering astronomy, data science, biology, climate science, and sustainable living) for school students. Lecture at VIT University, Chennai, India. on Jan 27, 2020. “Talking to undead stars” in the workshop on “Women in Science” (organized by SPIE Student Chapter). Delivered a lecture on “Neutron Stars - Two Body Problem” at Hindustan Institute of Technology and Science, Chennai on Mar 12, 2020. The event was organized by the School of Aeronautical Scences and Nebula Astro Club. Gopalakrishna, Shrihari Inaugural lecture in Ripples 19 at Ethiraj College for Women on Aug 21, 2019. The inaugural lecture titled ”Cosmology, Particle Physics, and Dark Matter” was delivered in the Ripples 19 event for the benefit of BSc and MSc students. Gun, S.

Reviewer of Mathematical Reviews during Jul 2008 – Dec 2019. Reviewer of Zentralblatt Reviews during Apr 2011 – Dec 2019. Managing Editor of IMSc monograph series during Apr 2015 – Dec 2019. Editor of JRMS during Mar 2017 – Dec 2019. Editor of PMSC during Jan 2018 – Dec 2019. Mahajan, Meena B.

Chairperson of Steering Committee for FSTTCS Conference during Jul 2018 – Jun 2019. Member of Programme Committee of 37th Symposium on Theoretical Aspects of Computer Science (STACS), 10-13 March 2020, Montpellier, France. during Sep 2019 – Mar 2020. Menon, Gautam I.

Member of Program Committee, International Centre for Theoretical Sciences- TIFR, Bengaluru during Mar 2018 – Mar 2020.

Member of SERB Programme Advisory Committee on Condensed Matter Physics and Materials Science during Mar 2018 – Mar 2020.

Member of Wellcome Trust/DBT India Alliance Early Career Fellowship Selection Committee during Mar 2018 – Mar 2020.

Member of Program Advisory Board, TPSC, S.N. Bose National Centre for Basic Science, Kolkata, during Jan 2019 – Mar 2020.

Prasad, Amritanshu Exposition on Category Theory for Computer Science at Tata Consultancy Services (IG- NITE) on Jan 2, 2020. Raghavan, K. N.

Member of Board of Studies in Mathematics, CUSAT convener (southern region) of NBHM Library Committee Associate Editor of Indian Journal of Pure and Applied Mathematics Board Member of National Board for Higher Mathematics secretary of Forum D’Analystes member of Programme Committee for AFS of NCM member of Steering Committee of the Talent Nurture Programme of the Kerala School of Mathematics Chair of NBHM Examination Committee Member of Indian Academy of Sciences, Science Education Panel Member of Board of Studies (Mathematical Sciences) of HBNI Convener of National Organising Committee for Teachers’ Enrichment Workshop held at MEPCO Schlenk Engineering College, Sivakasi during May 13 – May 18, 2019. Convener of Local Organising Committee for Conference on Topology, Geometry, and Related Topics held at IMSc during May 27 – May 28, 2019.

Convener of Advisory Committee for Eleventh Summer Training Programme in Mathematics held at RIASM, University of Madras during May 8 – May 28, 2019. Convener of National Organising Committee for Instructional School for Teachers (NCM event) held at IISER Thiruvanthapuram during Jun 3 – Jun 15, 2019. Mathematics Club Inauguration at Guru Nanak College on Aug 16, 2019. Delivered a lecture Mentor at DST INSPIRE programme for school students at Panjab University, Chandigarh on Oct 17, 2019. lectured and interacted with school students

Mathematics meeting for school children at Vana Vani School on Nov 2, 2019. IIT Madras Convener of Local Organising Committee for Teachers’ Enrichment Workshop held at IMSc during Nov 25 – Nov 30, 2019.

Convener of National Organising Committee for ATM Workshop on Combinatorial Methods in Representation Theory held at IMSc during Nov 4 – Nov 16, 2019. Mentor at DST INSPIRE programme for school students at University of Madras, Guindy Campus on Dec 26, 2019. Lectured to and interacted with the participants One-off lecture to college students at SA Engineering College, Chennai on Feb 20, 2020. Lectured to Engineering students on linear algebra Raman, Venkatesh Member of Board of Studies in Mathematics at PSG College of Technology, Coimbatore during Apr 2017 – Mar 2020.

Member of Board of Studies in Computer Science at Stella Maris College, Chennai during Apr 2017 – Mar 2020.

Convener of National Organising Committee for Computational Thinking in Schools (CTiS) 2019 held at Pune on Apr 20, 2019.

Convener of Local Organising Committee for ACM-India Summer School on Graphs and Graph Algorithms held at National Institute of Technology, Calicut during Jun 17 – Jul 5, 2019.

Convener of National Organising Committee for Recent Trends in Algorithms held at IIT Gandhinagar during Feb 16 – Feb 19, 2020. Ramanujam, R.

Vice President of Executive Council of Mathematics Teachers’ Association of India during Apr 2018 – Dec 2019.

Co-chair, Track on Comput Logic of Progam Committee of CLMPST2019: 16th International Congress on Logic, Methodology and Philosophy of Chance during May 2018 – Sep 2019.

Sharma, Sayantan Convener of Local Organising Committee for First IMSc discussion meeting on extreme QCD matter held at IMSc during Sep 16 – Sep 21, 2019.

Srinivas, K.

Member of Board of Studies, NIT Rourkela Co-managing Editor of Hardy Ramanujan Journal Convener of NCM TEW Programme Committee Convener of Local Organising Committee for Teachers’ Enrichment Workshop held at IMSc during Nov 25 – Nov 30, 2019. Subramanian, C. R.

member of Programme Committee, 6th International Conference on Algorithms and Discrete Applied Mathematics (CALDAM-2020), IIT-Hyderabad, February 2020. during Apr 2019 – Feb 2020.

Vemparala, Satyavani Speaker: Lecture Programme for students of class XI and XII at Chennai Mathematical Institute, Siruseri, Chennai on Jul 9, 2019. This is a Lecture Programme for students of class XI and XII, in association with National Academy of Sciences, Allahabad,held at the Chennai Mathematical Institute, Siruseri and I spoke about ”What can computer simulations teach us about materials”. Viswanath, Sankaran Lecturer in Facets 2019. at IMSc on Jul 8, 2019. Delivered a lecture on ”Matrix representations” in the IMSc outeach program ”Facets” for college students. Member of Faculty selection committee, IIT Kanpur during Oct – Oct, 2019. Lecturer in kaNita kAnakam 2019 at IMSc on Oct 24, 2019. Lectured in Tamil on Integer Partitions to school students primarily from Tamil medium.

Convener of Local Organising Committee for NCM Workshop: Combinatorial models in representation theory held at IMSc during Nov 4 – Nov 16, 2019.

Lecturer in National Mathematics Day at Ramanujan Institute for Advanced Study in Mathematics on Dec 22, 2019. Gave a lecture titled ”Combinatorics and representation theory” as part of the National Mathematics day celebrations at RIASM.

Lecturer at ”Forays 2020” at IIT Madras on Mar 1, 2020. Delivered a lecture titled ”Counting is Fun” to school students at the annual mathematics festival ”Forays 2020” of IIT Madras.

70

Chapter 4

Colloquia

4.1 Conferences/Workshops Held at IMSc

4.1.1 Conference on Topology, Geometry, and Related Topics during May 27 – May 28, 2019.

Was the co-organiser of this event along with Arghya Mondal.

4.1.2 First IMSc discussion meeting on extreme QCD matter during Sep 16 – Sep 21, 2019.

This discussion meeting consists of a set of pedagogic lectures by senior scientists on the current state-of-the-art, open problems and challenges in the area of hot and dense QCD matter. These lectures were be supplemented with mini-review talks by young scientists and talks by graduate students working within this broad theme of research.

4.1.3 Teachers’ Enrichment Workshop during Nov 25 – Nov 30, 2019.

Teacher’s Enrichment workshop, an outreach programme for teachers of Engineering colleges from Chennai was held at IMSc during Nov 25 - 30, 2019. This programme was sponsored by NCM, financially supported by the Homi Bhabha fellowship of Prof. Ram Dass, CMI and IMSc.

4.1.4 ATM Workshop on Combinatorial Methods in Representation Theory during Nov 4 – Nov 16, 2019.

Was co-organiser of this NCM sponsored event along with Sankaran Viswanath.

4.1.5 Teachers’ Enrichment Workshop during Nov 25 – Nov 30, 2019.

Was co-organiser and resource person for this event along with Pralay Chatterjee and Kotyada Srinivas

4.1.6 NCM Workshop: Combinatorial models in representation theory during Nov 4 – Nov 16, 2019.

4.2 Other Conferences/Workshops Organized by IMSc

4.2.1 Computational Thinking in Schools (CTiS) 2019 on Apr 20, 2019.

This is the first conference targeting school teachers teaching computing science.

Participated as a program committee chair

4.2.2 Teachers’ Enrichment Workshop during May 13 – May 18, 2019.

Was the academic convener of this meeting and also a resource person

4.2.3 Eleventh Summer Training Programme in Mathematics during May 8 – May 28, 2019.

Helped with the organisation of this event. Also acted as a resource person.

4.2.4 ACM-India Summer School on Graphs and Graph Algorithms during Jun 17 – Jul 5, 2019.

Coordinated the summer school and gave several lectures on NP-completeness, Approximation and Parameterized Complexity

4.2.5 Instructional School for Teachers (NCM event) during Jun 3 – Jun 15, 2019.

Was the academic convener of this event and also a resource person.

4.2.6 IPTA 2019 Conference during Jun 10 – Jun 21, 2019.

The International Pulsar Timing Array (IPTA) is a consortium of consortia, comprised of the European Pulsar Timing Array (EPTA), the North American Nanohertz Observatory for Gravitational Waves (NANOGrav), and the Parkes Pulsar Timing Array (PPTA). There are three emerging PTAs, the Indian Pulsar Timing Array (InPTA), the Chinese Pulsar Timing Array, and the South AFrican Pulsar Timing Array.

The goal of the IPTA is to detect and characterize the low-frequence gravitational wave universe through timing a global array of approximately 100 millisecond pulsars using the