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Eclipse under the Bamboo

Image Credit and Copyright:
Somak Raychaudhury
(Inter-University Centre for Astronomy and Astrophysics)

Explanation:

Want to watch a solar eclipse safely? Try looking down instead of up,
though you might discover you have a plethora of images to choose from.
For example, during the Solar Eclipse on June 21, 2020, this confusing
display appeared under a shady bamboo grove in IUCAA. Small gaps
between close knit leaves on the tall plants effectively created a network
of randomly placed pinholes. Each one projected a separate image of the
eclipsed Sun.

The snapshot was taken close to the time of maximum eclipse in Pune
when the Moon covered about 60 percent of the Sun's diameter. But an
annulareclipse, the Moon in silhouette completely surrounded by a bright
solar disk at maximum, could be seen along a narrow path where the
Moon's dark shadow crossed central Africa, South Asia, and China.
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STATUTORY COMMITTEES

THE ACADEMIC PROGRAMMES COMMITTEE

Somak Raychaudhury
(Chairperson)

Dipankar Bhattacharya
(Convener)

Sukanta Bose
Debarati Chatterjee
Subhadeep De

Gulab C. Dewangan
Neeraj Gupta
Ranjeev Misra

Sanjit Mitra

Surhud S. More
Dipanjan Mukherjee

T. Padmanabhan
Aseem S. Paranjape
A.N. Ramaprakash
Kanak Saha

Varun Sahni

Nishant K. Singh
Raghunathan Srianand
Kandaswamy Subramanian
Durgesh Tripathi

THE STANDING COMMITTEE FOR
ADMINISTRATION

Somak Raychaudhury
(Chairperson)

Niranjan V. Abhyankar
(Member Secretary)

Dipankar Bhattacharya
Kandaswamy Subramanian

THE FINANCE COMMITTEE

K. Kasturirangan
(Chairperson)

Niranjan V. Abhyankar
(Non-member Secretary)

Dipankar Bhattachraya
Yashwant Gupta
Rajnish Jain

Somak Raychaudhury
P. K. Thakur



MEMBERS OF ITUCAA

ACADEMIC

Somak Raychaudhury
(Director)

Dipankar Bhattacharya
(Dean, Core Academic Programmes)

Kandaswamy Subramanian
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Joydeep Bagchi
Sukanta Bose

Debarati Chatterjee
Subhadeep De

Gulab C. Dewangan
Neeraj Gupta
Ranjeev Misra

Sanjit Mitra

Surhud S. More
Dipanjan Mukherjee
T. Padmanabhan
Aseem S. Paranjape
A.N. Ramaprakash
Kanak Saha

Varun Sahni

Nishant K. Singh
Tarun Souradeep (On deputation)
Raghunathan Srianand
Durgesh Tripathi

EMERTIUS PROFESSORS

Naresh K. Dadhich
Sanjeev V. Dhurandhar
Ajit K. Kembhavi
Jayant V. Narlikar
Shyam N. Tandon

SCIENTIFIC AND TECHNICAL

Deepak N. Bankar
Prafull S. Barathe
Nirupama U. Bawdekar
Rani S. Bhandare
Santosh S. Bhujbal
Mahesh P. Burse
Kalpesh S. Chillal
Pravinkumar A. Chordia
Hillol K. Das

Samir A. Dhurde
Suresh Doravari
Gajanan B. Gaikwad
Santosh B. Jagade
Bhushan S. Joshi
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Shivaraj Kandhasamy
Pravin V. Khodade
Abhay A. Kohok

Vilas B. Mestry
Shashikant G. Mirkute
Deepa Modi

Anupreeta S. More

N. Nageswaran

Nitin D. Ohol

Nilesh D. Pokharkar
Swapnil M. Prabhudesai
Sujit P. Punnadi

Vijay Kumar Rai
Chaitanya V. Rajarshi
Hemant Kumar Sahu
Sagar C. Shah

Sakya Sinha

Yogesh R. Thakare
Manasadevi P. Thirugnanasambandam
Ajay M. Vibhute

ADMINISTRATIVE AND SUPPORT

Niranjan V. Abhyankar
(Senior Administrative Officer)

Vijay P. Barve

Savita K. Dalvi

Rahul S. Gaikwad
Sandeep L. Gaikwad
Bhagiram R. Gorkha
Bhimpuri S. Goswami
Prashant S. Jadhav
Sandip M. Jogalekar
Nilesh D. Kadam
Swati D. Kakade
Santosh N. Khadilkar
Murli- N. Krishnan
Neelima S. Magdum
Manijiri A. Mahabal
Kumar B. Munuswamy
Rajesh D. Pardeshi
Rajesh V. Parmar
Mukund S. Sahasrabudhe
Vyankatesh A. Samak
Senith S. Samuel
Balaji V. Sawant
Rohan K. Shelar
Deepak R. Shinde
Shahish K. Sukale
Varsha R. Surve
Deepika M. Susainathan
Shashank S. Tarphe
Shankar K. Waghela
Kalidas P. Wavhal



| arfdes wfddest 2019 - 20

POST-DOCTORAL FELLOWS

Tek P. Adhikari

Md. Shah Alam
Rahul Basu

Abhijit B. Bendre
Sayantani Bera

Bari Magbool Bhat
Yogesh Chandola
Savithri H. Ezhikode
Avyarthana Ghosh
Soumavo Ghosh
Shabnam S. lyyani
Vadakkumthani Jithesh
Reju Sam John
Konstantinos Kolokythas
Bharat Kumar

Sajal Mukherjee
Sargam M. Mulay
Fatemeh Nouri
Sreejith Padinhatteeri
Isha Pahwa
Abhishek Paswan
Pramod Pawar
Jayashree Roy
Rupak Roy

Santosh Roy

T.R. Saravanan

Zahir A. Shah
Kaushal Sharma
Ramkishor Sharma
Vijayakumar Sreenath
Avinash Surendran

RESEARCH SCHOLARS

Debabrata Adak
Deepali Agarwal

P. Aromal

Bhaskar Arya
Suman M. Bala
Yash D. Bhargava
Bhaskar Biswas
Kabir Chakravarti
Rajorshi S. Chandra
Navin L.P. Chaurasiya
Sorabh Chhabra
Sunil Choudhary
Pratik A. Dabhade
Sayak G. Datta
Partha P. Deka
Piyali Ganguly
Shalabh Gautam
Priyanka Gawade
Suprovo Ghosh
Tathagata Ghosh
Kishore Gopalakrishnan
Labanya K. Guha

Shreejit P. Jadhav
Amit Kumar
Shrabani Kumar
Kavita Kumari
Siddharth Maharana
Mousumi Mahato
Soumak Maitra
Sukanya Mallik
Ankush Mandal
Meenakshi

Ashish A. Mhaske
Anuj Mishra
Swagat S. Mishra
Samanwaya Mukherjee
V.N. Nived

John A. Paice
Pranoti Y. Panchbhai
Niladri Paul

Bikram K. Pradhan
Vaishak Prasad

V. Premvijay
Karthik Rajeev
Abhishek Rajhans
Sujatha Ramakrishnan
Divya Rana
Soumya Roy
Debajyoti Sarkar
Ruchika Seth
Shabbir 1. Shaikh
Aishawnnya Sharma
Vidushi Sharma
Parisee Shirke
Gitika P. Shukla
Aditya Singh

Javed Rana Sk
Kanchan Soni
Prakash Tripathi
Vishal Upendran
Shiva Rama Krishna Yasa

TEMPORARY/ PROJECT/
CONTRACT

Akash Anumarlapudi
Prakash Arumugasamy
Sayali S. Avachat
Joydeep Bagchi

Ritesh J. Bagul
Rameshwar S. Bankar
Ankit V. Bhandari
Sagar J. Bhosale
Pradnya Bhoye
Neelam S. Bhujbal
Dhanraj Borgaonkar
Mayur R. Chavan

V. Chellathurai

Manojendu Choudhury
Malathi Deenadayalan
Ramkrishna R. Gaikwad
Sharad G. Gaonkar
Prachee V. Ghumatkar
Ramchandra N. Gohad
Anshu Gupta

Ranjan Gupta
Shivom Gupta
Soumya Gupta
Mandar M. Hulsurkar
Vibha Jha

Aniket P. Kadu
Tasneem M. Kanchwala
Ravi Kesharwani
Tanazza Khanam
Sushan Konar

Shivraj S. Kshatriya
Akshay P. Kulkarni
Rupesh P. Labade
Namrata S. Mali
Madhusudan D. Malve
Rahul Mane

Jameer Manur
Rewati R. Mohakar
Chetna Mudgule
Shreeram V. Muley
Pallavi S. Nalawade
Madhuri D. Pacharne
Karan R. Pardeshi
Kadir G. Pathan
Jyotirmay Paul
Shivani S. Pethe
Rohini S. Pokale
Sarah Ponrathnam
Atharva A. Pore

K. Preethi

T.S. Raghavendra
Dhurba J. Saikia
Shishir Sankhyayan
Vaibhav N. Savant
Vithal S. Savaskar
Harshad L. Sawant
Pallavi V. Sawant
Priyanka S. Shahane
Mayuri H. Shinde
Rajshri Shinde

S. Sudhagar

Sonal K. Thorve
Kaustubh P. Vaghmare
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VISITING ASSOCIATES OF IUCAA

Sheelu Abraham, Department of Physics, Mar Thoma College, Chungathura, Kerala.

Dharam Vir Ahluwalia, Department of Physics, IIT, Guwahati.

Gazi Ameen Ahmed, Department of Physics, Tezpur University.

G. Ambika, Department of Physics, ISER, Tirupati.

Rizwan Ul Haq Ansari, Department of Physics, Maulana Azad National Urdu University, Hyderabad.

Bijan Kumar Bagchi, Department of Applied Mathematics, University of Calcutta, Kolkata.

Tanwi Bandyopadhyay, Department of Mathematics, Adani Institute of Infrastructure Engineering, Ahmedabad.

Arunima Banerjee, Department of Physics, IISER, Tirupati.

9.  Shyamal Kumar Banerjee, Department of Mathematics, University of Petroleum and Energy Studies, Dehradun.

10. Sarmistha Banik, Department of Physics, BITS - Pilani, Hyderabad.

11.  Prasad Basu, Department of Physics, Cotton University, Guwahati.

12.  Aru Beri, Department of Physics, IISER, Mohali

13.  Piyali Bhar, Department of Mathematics, Government General Degree College, Hooghly.

14.  Naseet Igbal Bhat, Department of Physics, Central University of Kashmir, Srinagar.

15.  Debbijoy Bhattacharya, Department of Physics, Manipal Centre for Natural Sciences, Manipal University.

16. K.G. Biju, Department of Physics, WMO Arts and Science College, Muttil, Wayanad.

17. Ritabrata Biswas, Department of Mathematics, The University of Burdwan.

18. Debasish Borah, Department of Physics, IIT, Guwahati.

19. Koushik Chakraborty, Department of Physics, West Bengal State University, Kolkata.

20.  Subenoy Chakraborty, Department of Mathematics, Jadavpur University, Kolkata.

21.  Nand Kumar Chakradhari, School of Studies in Physics and Astrophysics, Pt. Ravishankar Shukla University,
Raipur.

22.  Ramesh Chandra, Department of Physics, Kumaun University, Nainital.

23.  Suresh Chandra, Amity Centre for Astronomy and Astrophysics, Amity University Campus, Noida.

24.  Ayan Chatterjee, Department of Physics and Astronomical Sciences, Central University of Himachal Pradesh,
Dharamshala.

25. Ritaban Chatterjee, Department of Physics, Presidency University, Kolkata.

26. Suchetana Chatterjee, Department of Physics, Presidency University, Kolkata.

27.  Asis Kumar Chattopadhyay, Department of Statistics, University of Calcutta, Kolkata.

28. Surajit Chattopadhyay, Department of Mathematics, Amity University, Kolkata.

29. Tanuka Chattopadhyay, Department of Applied Mathematics, University of Calcutta, Kolkata.

30. Raghavendra Chaubey, Department of Mathematics, Faculty of Sciences, Banaras Hindu University, Varanasi.

31. Bhag Chand Chauhan, Dept. of Physics and Astronomical Sciences, Central University of Himachal Pradesh,
Dharamshala.

32. Laxmikant Chaware, Centre for Basic Sciences, Pt. Ravishankar Shukla University, Raipur.

33. Mamta Dahiya, Department of Physics and Electronics, SGTB Khalsa College, Delhi.

34. Himadri Sekhar Das, Department of Physics, Assam University, Silchar.

35.  Sudipta Das, Department of Physics, Visva-Bharati University, Santiniketan.

36.  Abhirup Datta, Discipline of Astronomy, Astrophysics and Space Engineering, IIT, Indore.

37. Dhurjati Prasad Datta, Department of Mathematics, University of North Bengal, Siliguri.

38. Kanan Kumar Datta, Department of Physics, Presidency University, Kolkata.

39. Sukanta Deb, Department of Physics, Cotton University, Guwahati.

40. Ujjal Debnath, Department of Mathematics, Indian Institute of Engineering Science and Technology, Howrah.

41.  Shantanu Desai, Department of Physics, IIT, Hyderabad.

42.  Shanti Priya Devarapalli, Department of Astronomy, Osmania University Hyderabad.

43.  Anoubam Senorita Devi, Department of Physics, Assam University, Silchar.

44.  Moon Moon Devi, Department of Physics, Tezpur University.

45.  Jishnu Dey, Department of Physics, Presidency University, Kolkata.
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46. Mira Dey, Department of Physics, Presidency University, Kolkata.

47.  Vijayakumar Honnappa Doddamani, Department of Physics, Bangalore University, Bengaluru.

48. Broja Gopal Dutta, Department of Physics, Rishi Bankim Chandra College, East Kantalpara, Naihati.

49. Jibitesh Dutta, Department of Basic and Social Sciences, North-Eastern Hill University, Shillong.

50. Sukanta Dutta, Department of Physics, SGTB Khalsa College, Delhi.

51.  Sunandan Gangopadhyay, Department of Theoretical Sciences, SN Bose National Centre for Basic
Sciences, Kolkata.

52.  Gurudatt Gaur, Centre for Engineering and Enterprise, Institute of Advanced Research, Gandhinagar.

53.  Suman Ghosh, Department of Physics, Indira Gandhi National Tribal University Amarkantak.

54. Sushant G. Ghosh, Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi.

55. Sutapa Ghosh, Department of Physics, Barasat Government College, Kolkata.

56. Tuhin Ghosh, School of Physical Sciences, NISER, Khurda, Bhubaneswar.

57.  Ankur Gogoi, Department of Physics, Jagannath Barooah College, Jorhat.

58. Rupjyoti Gogoi, Department of Physics, Tezpur University.

59. Gaurav Goswami, School of Engineering and Applied Science, Ahmedabad University.

60. Umananda Dev Goswami, Department of Physics, Dibrugarh University.

61. Aruna Govada, Department of Computer Engineering, Government Polytechnic, Daman.

62. Shivappa B. Gudennavar, Department of Physics, Christ (Deemed to be) University, Bengaluru.

63. Sarbari Guha, Department of Physics, St. Xavier's College, Kolkata.

64. Mamta Gulati, School of Mathematics, Thapar Institute of Engineering and Technology, Patiala.

65. K.P. Harikrishnan, Department of Physics, The Cochin College, Kochi.

66. Priya Hasan, Department of Physics, Maulana Azad National Urdu University, Hyderabad.

67. K. Indulekha, School of Pure and Applied Physics, Mahatma Gandhi University, Kottayam.

68. Joe Jacob, Department of Physics, Newman College, Thodupuzha.

69. Rinku Jacob, Department of Basic Sciences and Humanities, Rajagiri School of Engineering and
Technology, Kakkanad.

70. Deepak Jain, Department of Physics, Deen Dayal Upadhyaya College, New Delhi.

71.  Rajeev Kumar Jain, Department of Physics, 11Sc, Bengaluru.

72. K. Jeena, Department of Physics, Providence Women’s College, Kozhikode.

73.  Charles Jose, Department of Physics, Cochin University of Science and Technology, Kochi.

74. Jessy Jose, Department of Physics, IISER, Tirupati.

75.  Minu Joy, Department of Physics, Alphonsa College, Pala.

76.  Md. Mehedi Kalam, Department of Physics, Aliah University, Kolkata.

77. Nandita L. Kalita, Department of Physics, Girijananda Chowdhury Institute of Management and
Technology, Guwabhati.

78.  Sanjeev Kalita, Department of Physics, Gauhati University, Guwahati.

79. Nishikanta Khandai, School of Physical Sciences, NISER, Khurda, Bhubaneswar.

80. Ram Kishor, Department of Mathematics, Central University of Rajasthan, Ajmer.

81.  Arun V. Kulkarni, Department of Physics, BITS - Pilani, Goa.

82. Nagendra Kumar, Department of Mathematics, MMH College, Ghaziabad.

83.  Suresh Kumar, Department of Mathematics, BITS, Pilani.

84. Vinjanampaty Madhurima, Department of Physics, Central University of Tamil Nadu, Thiruvarur.

85.  Smriti Mahajan, Department of Physics, IISER, Mohali.

86. Shiva Kumar Malapaka, International Institute of Information Technology, Bengaluru.

87. Manzoor A. Malik, Department of Physics, Central University of Kashmir, Srinagar.

88. Soma Mandal, Department of Physics, Government Girls' General Degree College, Kolkata.

89. Titus K. Mathew, Department of Physics, Cochin University of Science and Technology, Kochi.

90. Irom Ablu Meitei, Department of Physics, Modern College, Imphal.

91. Hemeeda Mir, Department of Physics, Government Sri Pratap College, Srinagar.

92.  Mubashir Hamid Mir, Department of Physics, Government Degree College, Bandipora.

93. Bivudutta Mishra, Department of Mathematics, BITS - Pilani, Hyderabad.

94. Sourav Mitra, Deparment of Physics, Surendranath College, Kolkata.

95. Kamakshya Prasad Modak, Department of Physics, Brahmananda Keshab Chandra College, Kolkata.
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Aditya Sow Mondal, Department of Physics, Visva-Bharati University, Santiniketan.

Saptarshi Mondal, Department of Physics, Bethune College, Kolkata.

Soumen Mondal, Department of Physics, Jadavpur University, Kolkata.

Pradip Mukherjee, Department of Physics, Barasat Government College, Kolkata.

Hemwati Nandan, Department of Physics, Gurukula Kangri University, Haridwar.

Dibyendu Nandi, Centre of Excellence in Space Sciences, IISER, Kolkata.

Kamal Kanti Nandi, Department of Mathematics, North Bengal University, Siliguri.

Rajesh Kumble Nayak, Department of Physical Sciences, IISER, Kolkata.

Rahul Nigam, Department of Physics, BITS - Pilani, Hyderabad.

Barun Kumar Pal, Department of Physics, Netaji Nagar College for Women, Kolkata.
Biswajit Pandey, Department of Physics, Visva-Bharati University, Santiniketan.

Sheo Kumar Pandey, School of Studies in Physics and Astrophysics, Pt. Ravishankar Shukla
University, Raipur.

Sanjay K. Pandey, Department of Mathematics, LBS (PG) College, Gonda.

Mahadev B. Pandge, Department of Physics, Dayanand Science College, Latur.

Uma Papnoi, Department of Physics, Kanoria Post-Graduate Mahila Mahavidyalaya, Jaipur.
Rutu Parekh, Dhirubhai Ambani Institute of Information and Communication Technology,
Gandhinagar.

Amit Pathak, Department of Physics, Banaras Hindu University, Varanasi.

Kishor D. Patil, Department of Mathematics, BD College of Engineering, Sevagram.

Madhav K. Patil, School of Physical Sciences, Swami Ramanand Teerth Marathwada University,
Nanded.

Bikash Chandra Paul, Department of Physics, North Bengal University, Siliguri.

Surajit Paul, Department of Physics, Savitribai Phule Pune University.

Deveaj Damaji Pawar, Department of Physics, R) College, Mumbai.

Ninan Sajeeth Philip, Artificial Intelligence Research and Intelligent Systems, Thelliyoor, Kerala.
Swarup Poria, Department of Mathematics, University of Calcutta, Kolkata.

Ananta Charan Pradhan, Department of Physics and Astronomy, NIT, Rourkela.

Anirudh Pradhan, Department of Mathematics, GLA University, Mathura.

Ramprasad Prajapati, Department of Pure and Applied Physics, Guru Ghasidas
Vishwavidyalaya, Bilaspur.

P.R. Prince, Department of Physics, University College, Thiruvananthapuram.

Anisur Rahaman, Department of Physics, Hooghly Mohsin College, Chinsurah, West Bengal.
Farook Rahaman, Department of Mathematics, Jadavpur University, Kolkata.

S.R. Rajesh, Department of Physics, SD College, Alappuzha.

Chayan Ranjit, Department of Mathematics, Egra SSB College, Purba, Medinipur.

Shantanu Rastogi. Department of Physics, DDU Gorakhpur University.

C.D. Ravikumar, Department of Physics, University of Calicut, Kozhikode.

Saibal Ray, Department of Physics, Government College of Engineering and Ceramic
Technology, Kolkata.

Biplab Raychaudhuri, Department of Physics, Visva-Bharati University, Santiniketan.

Prabir Rudra, Department of Mathematics, Asutosh College, Kolkata.

Anirban Saha, Department of Physics, West Bengal State University, Kolkata.

Sanjay Kumar Sahay, Department of Computer Science and Information Systems, BITS - Pilani,
Goa.

Sandeep Sahijpal, Department of Physics, Panjab University, Chandigarh.

Prasant Samantray, Department of Physics, BITS - Pilani, Hyderabad.

Saumyadip Samui, Department of Physics, Presidency University, Kolkata.

Biplob Sarkar, Department of Applied Sciences, The ICFAI University, Tripura.
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Sudipta Sarkar, Department of Physics, IIT, Gandhinagar.

Tamal Sarkar, High Energy and Cosmic Ray Research Centre, North Bengal University, Siliguri.
Rathin Sarma, Department of Physics, Hojai College, Assam.

Sanjay Baburao Sarwe, Department of Mathematics, St. Francis De Sales College, Nagpur.
Anjan Ananda Sen, Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi.

Asoke Kumar Sen, Department of Physics, Assam University, Silchar.

Somasri Sen, Department of Physics, Jamia Millia Islamia, New Delhi.

Anand Sengupta, Department of Physics, IIT, Gandhinagar.

T.R. Seshadri, Department of Physics and Astrophysics, University of Delhi.

Mohit Kumar Sharma, Amity Centre for Astronomy and Astrophysics, Amity University campus,
Noida.

Ranjan Sharma, Department of Physics, Cooch Behar Panchanan Barma University.
Alkendra Singh, Department of Physics, Institute of Science, Banaras Hindu University, Varanasi.
Gyan Prakash Singh, Department of Mathematics, Visvesvaraya National Institute of
Technology, Nagpur.

Harinder Pal Singh, Department of Physics and Astrophysics, University of Delhi.

Heisnam Shanjit Singh, Department of Physics, Rajiv Gandhi University, Itanagar.

Monika Sinha, Department of Physics, T, Jodhpur.

Surendra Nadh Somala, Department of Civil Engineering, IIT, Hyderabad.

Vikram Soni, Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi.

K. Sriram, Department of Astronomy, University College of Science, Osmania University,
Hyderabad.

L. Sriramkumar, Department of Physics, IIT—Madras, Chennai.

Parijat Thakur, Department of Basic Sciences and Humanities, Guru Ghasidas Central
University, Bilaspur.

Arun Varma Thampan, Department of Physics, St. Joseph's College, Bengaluru.

Sunil Kumar Tripathy, Department of Physics, Indira Gandhi Institute of Technology, Dhenkanal.
Pranjal Trivedi, Department of Physics, Sri Venkateswara College, Delhi.

Vinutha Tummala, Department of Applied Mathematics, Andhra University, Visakhapatnam.
Rashmi Uniyal, Department of Physics, Government Degree College, Narendranagar,

Sanil Unnikrishnan, Department of Physics, St. Stephen's College, Delhi.

Sudhaker Upadhyay Department of Physics, KLS College, Nawada.

Anisul Ain Usmani, Department of Physics, Aligarh Muslim University.

Nilkanth Dattatray Vagshette, Department of Physics and Electronics, Maharashtra Udaygiri
Mahavidyalaya, Udgir.

Deepak Vaid, Department of Physics, NIT, Surathkal.

Bhargav Pradeep Vaidya, Discipline of Astronomy, Astrophysics and Space Engineering, 1T,
Indore.

Murli Manohar Verma, Department of Physics, University of Lucknow.

Jaswant Kumar Yadav, Department of Physics, Central University of Haryana, Mahendergarh.
Lalthakimi Zadeng, Department of Physics, Mizoram University, Aizawl.
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The Thirtieth batch (2019) of Visiting Associates, who were selected for a tenure of three years,
beginning, August 1, 2019.
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Appointment of the following Visiting Associates of the Twenty-Seventh batch was extended for
three years from August 2019:

G. Ambika, Tanwi Bandyopadhyay, Debbijoy Bhattacharya, Subenoy Chakraborty, Raghavendra
Chaubey, Bhag Chand Chauhan, Himadri Sekhar Das, Abhirup Datta, Kanan Kumar Datta, Sukanta
Deb, Gurudatta Gaur, Sushant G. Ghosh, Sutapa Ghosh, Rupjyoti Gogoi, Umananda Dev Goswami,
Shivappa Bharamappa Gudennavar, K. P. Harikrishnan, K. Indulekha, Md. Mehedi Kalam, Sanjeev
Kalita, Ram Kishor, Jaswant Kumar, Nagendra Kumar, Shiva Kumar Malapaka, Bivudutta Mishra,
Barun Kumar Pal, Madhav K. Patil, Devraj Damaji Pawar, Anirudh Pradhan, S.R. Rajesh, Biplab
Raychaudhuri, Anirban Saha, Sudipta Sarkar, Anjan Ananda Sen, Harinder Pal Singh, Surendra Nadh
Somala, Anisul Ain Usmani, and Murli Manohar Verma.
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ORGANIZATIONAL STRUCTURE
OF ACADEMIC PROGRAMMES (As on March 31, 2020)

The Director

Somak Raychadhury

Dean,
Core Academic Programmes
Dipankar Bhattacharya

Aseem Paranjape,
Head, Publications

Dipankar Bhattacharya,
Head, Computing Facilities

A. N. Ramaprakash,
Head, Instrumentation

Gulab Dewangan,
Head, Teaching Programmes

Durgesh Tripathi,
Head, Library

Dean,
Visitor Academic Programmes
Kandaswamy Subramanian

Ranjeev Misra,
Head, Scientific Meetings

Somak Raychaudhury,
Head, Infrastructural Facilities

Surhud More,
Head,
Public Outreach Programmes

Ranjeev Misra,
Head, ICARDs

R. Srianand,
Head, Observing Programmes
(At1GO & SALT)

Kandaswamy Subramanian,
Head, Grievance Cell
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fOwes diel Gerl & 3MYehl, TN fasTlel 3iie TN afifddhl &
I Foft ST 3 AfSes SrafeieneT Td faleror & Tadl 39 81 3MIehT,
LIGO- a8fTed 31T die 3ffce THtehIu Uddiotaail dfed eriid dgcd
&t gt ufRdieensit o 3mroft efdeeT e <@ g sae sifdfdh
3BT, Teh AUl ATeTelehdl & &Y 3 Sardrde fbestafiee T2 3ie
gdel i fafalest srdfeefta ufdaiotansil Tdd, vegide Td airdl anfeca
- T | UfTAansit & off sifiere 81 3T &, Th oY Uald Tb1T &
oft ezl ol ufdermencst faeissil & &u & 3oidbs siofeienfaids &l of
Y IT 3refeioeiTel & AT et Td sidefegia afera grer deddn
UeTel oht I8 81 358 Ul ddicd ATeddT UTtd feleieNel §oal & 3ddfd
ardf ¢ &q 3meifAd fasar Irar, faigd enfdes sifeepiel &otael Td
AfATIAT fa a1 & Agayuf forufar oel o fST TTefl Tt &l

o el &, I T b TegIdle JERed] UT Il o] dIicde Salfuidl Sdledbld (UVIT) T IUTNT hedh Goeel-
3MTERTRFTT AUDFsO1 & 3ffd Ted geft UabTer ol g1es €1 o g &t bl aft Ieeder doeell ATgaT, fAdt Teb 3fex-sig
TEIUT & 39T &b &Y 3, 3ThT & &l Teh dailiotd Wl. 2Td1.Ual.cgal & siged o1 Teb S grel futiget 3iie faifdld
TasaIT ITT TI 3TShT & YIHE HbTT b &G Wl. Holdh gl B aided o Teh dfFeh Cldf & AL & B Hlol
e hla1 5978{91 &1 af Ydf 2[& faham IrdT 2Tl 9csfde o HAT & UTefaich §edlis o Yoil:3{Tdoflcheur & SNdl ohl
derel 28 J 3T I8 T, Uohd I dHelol &f GG dhed! &l B I HTBIeFINT 3rcfdids ot fafdseurt &1
JceTufel dhedl &, 31d: Solohl UdT ITTell Sgd hidel &1 3{1e TET deb fdb g&f UbTE bl HTehTeFIT3H bl fUdes gt
SfHTHIY, Tid ofTT & §a T S lahIv AT Itevard gieT ot edle et fabdr I1aT &l

3MGehT &, 5 &I P fAIdhe 27 Bhabed! T TAlled Wthere, 31Ulce-giaees thal, dofl 61 diud el
Thicse &l foleglol, ATdfgdh &U & Udl 134 AHADbel dafiferd elfel 3es! BT Ydblerel fadT, fiieiasT 3iierd sdide
Uparee 5 & 3ifeleh 818 5& U2 Igd IId g, il g Gelfdr & b gaTme egapefl aiue el 3 of dhaes e
AL g, 3fUq d 5 fAvT Uz HdIuuTelch YaiTd gicsal & oft e 28 &1 8 adf &b qlelel, 3Tl b urd efefrdy
o el ot f29ft e bt 21 serdt oft sifeleh &aie I € fab 3mgenT & 173 3eATd ergarfl, wifds adfarrer &
siediy faufdenesal 3ife diosoll &b HBT Teed € 3 fofoid enell &l 3Mgehl gl Ui AgdT &
UfUTIAeday, 3ogiel 8t 3rafel (31del BIRIBIH )b GIelel 308 M e~ el U Udblfeld fht &1 5d der
fI®e B gul & B! deldd! g2 &, 0l 2Ut &U & §1d chedT ¢ fdb Mg fas afe of 3= leffUie gl
I A & A 3fSIEeTST BT WIERd dheel dell 3oioh! fAdbfad dheel I dgd YaiTdl 28T &l §aids el &, Ity T
3T HHAGTHT &b AGedl o ot Alchd HEI9T bl FeTdl Sol 8 3fdd HfAeTC Td ardraeul ! aff Yarel
a8l

2 a¥ & Clelol, gl 3Ual Y[l HehId & TTE oI Biced] ol edvTd fohdT, fotoTdh oflel &, SaTedit dedft, gaimdia
3, dluivTol o, 3ile folelid . fag, fAogial g thdtel: dce deleies 3 i amsfefthep, dhel, thid, ol Td.
3MTE. 31T - TG afifdeh YITenes], ofg feeest, Yfetataean 2t eeel € 2ifdal, gce! Ud dod Wb gecicye
Wle Eicse faecd fedd, TMfeel, wTafofl & shater: Tiigl g1 iy STl gaiTe Y &b & eiaed, foogiel gef
af & Glelel Adr-foigfd Ui bl 3¢ foiog 3ot 3 ofedl aflfdehl garens ot ¢&ed gd, Yok: Th
AchIfcheh 3felael & 3fafd Tdle TBIEDBIE b U A folgch fdT IIAT g1 3BT b &l Tob 37 YHH HbII
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TG dGUT HIealy, fioglel 31T8.31TE.Ue 8. 3112, qUl, & Uithere Td afifdidhl o 3reziel o &U df folgfah Ured <hl &l

HTGhT & 31d ATl fead bl ATETel 29 fGHae, Bl ailed TIhIZ & Yellol dellfolch HBIEDIE - .
fauTaeradst & grer féar I, wifds fddbrelcies utafdsiiel, 3fofaifelsh! dal sgelvilfeae & & & Th
Ufafssd Mtsare 213 gel T I el o1 efitfas o 'dieret- sfiapsl & FHelel & U 3imem ud
3MMRIBTC", 3¢ foretd SaraT I fdb, 3HTST JTeld HATH bl Th Tl IIT &b AA 31T UGl Td ailfdd! bl
AT Teoll US 8T g, g1 daft UbTe ot FaeTail BT Ueieheul dufl & dfce Hefiell a1 Bizer gieerdm &l
AT O Tl g1 favTaerade of Ug JTell fb, Silel gdel g dhull g Uil dTeTedf bl gIe edl 8, chfdel 3Tl T8I
o1 & FeTa BT 5 ‘Ghoft’ B AT dheol 3t [AUTd Td Bl

Zeft 318AMTHST O GIeral, fAoTaeTeadat oft of Tegialioht dee Wie Tojded - aidel ol 3mIcal oft fasan 5 aidt 3iie
AT AT &b dxicsol §q SehT facia NYUT HloTd dermelel fabid FAoT g1t PMMMNMTT AToToll &
3iavfd fasar oIrdT 21 Teglailet dee Wle Tojcbedf
Td oleleles feaief dce BieA & A, [AddT
ddIsd  AGHT & 3 fAddds dga ferefor
(ARPIT) & aTfSeh fRthere Brdchd & bt "Zeref
US ICoe [AECH" oldAD Uh 3{TelcdT8al UTGIchd
®1 fAwfdd far g1 SWAYAM STd® 3T &
Wfed a7 3iTeTesIgel SATETall ol Gel 8g 3 oy,
8 3o felel 3ilT 3ieiesl Helell & 13 TN
afifdepfdal geT flepre fosar  I1am, osed
Taedes felef-fasilel U2 I g ATl &b
SIerel &, 5d ad H Pt BrRfeAl ue oie gd
£t W B ddfed &A1 i gl & ucalehdl & a1 H
—8 FqraT I

3HTYhT & Al A & gl U 3i1e, ULl Ugloliaial bl Tatdl. fagest Aefifedes siare & daafaia fdsar d gt
SEel 3ie, Mdheearsfl HeaTudel ol ey Scid fasTlol 3rahlcafl gTel thedl ob &Y ToTld fabalT I1dT g1 3ragefoll
MY (AMLIMETAL M BIGHIAT Bt BT, TAfds RIDBT B 3&-28 F 3Uar eitel T2 BRf e T 8) Bl
Teglallaiehes Alese! 3ith Sf2AT gl ob.21.318iche dee fifae Uedfd &q Yeedpd fasd I1dT g1 UedTd Wioidd
dft. Sicsiepe bl wifece aTgrad JNfde elolls Aelfedes 3raTe Vel fohdT AT gl §&h Hfdfdth, dhees fafdaresy
§ICT Slaree 3T AT (3iToilfeer Thie), S 8{uuT Yeeahle, STUl dal digcs-dds gIel, dofed fgq faufdansy
g1 T fafelse gd Bra bl Tadlel, sheschdl faufdenesd grer &e 3Mme[dly Jcbull AT dAges del &e gl
THATH. NS Toldbelel HIIe!, ofifdieh grel IMNeTdt Ichtedl Yeedle vidl fafalool Yeabrel & dddilfold fasar
I 1 U.3rofid Saeidt T WILqSIT e (3TYehT & Y 37adTTd dgd9fT) Tl JeTchl ALST Jeddh J[&cdd addl -
fasy efeird o1d ameretr” (escdia ddil - SEdTUs bl S&el Ud dASIol 8 T Tdh oidiol &efel) & fo5T "oTgTca
Nfcerd Pes eeahle” & JgIeISg Slvdl dlfecd 30T Eegpid HUSH geT dddlfold fohdT I1AT g1 €Tes &l &, 3HTehT
I 81Ted HIBIL gIeT Tdle YUl oIl dd &b Yged ULUT bl oldcd dheol &b ST Tall I1dT §, Tilfds Teh AT e
g AfYch UfedIAol3f bl & heol o [T YUl & elfeics Td 3fofeielel deilall dell JaT bl Teh arel
BICI, TR 3{avfd HATH Bl AT &U & wl8ffodd el b T, uafaeur, felef, Tareed, Tdhldd ITdrard
Td Ufldgs, sodfaua HfAfeel, dies Udelel, 3fe eMfdies g1 8fied 2ehld &b UAE daflfoldd HABIEhIE
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D5, gIeT S9103e 3iIe gaelale 3 &l 3od gfdell &el dhl RiTuell ohi IS gl

3{TGhT o, 3Tl loieiudh IfAfAfedy & ATedd @, AedfAh fAencsdl &b WAl daT Hoidleld & ot 3dsft
SBIDBIUIT Bl Gehele THT 8l RITSATT Thedt BIl b [T Ul HIg b fgdta elfeiare ol faafad oamere /
ycelol Sreicher 3MANfoid fabC T 28 &, Tilfds 9gd SIchiod &1 Ufeumatd: Tl ge Teb b U, HTehl &b dGelsTe
TN o RIS HAGRT &b Bl dT geaclvl & 3T ©Idl bl dAlell Th Al AT 3T Al &l §&db
37e3Tl, 3HTSHT & UToTeiddch g gIeT I ol Bigdl & CIerel Thed & BIAl &b HTSAchles Il Bhrefehdl Td NS
fasTat felfde of gt S i Thos! Bl i 3diva fosam & Ifdfafear, 10,000 & ot 3ifeies B4t acb 3sf!
UEd bl delol 9 A 28l &l T fasTTel fead Prichdl o 3idde Ue MYl of g& Y, 3Tgehl Ufeere Td
3Mgehl et deellesl &,27 3l 28 Weadl, 2020 & GRlel &pol Bl & ST ar-
feaefta ucqefls, sarearst, dlece, ATges Uedfddl deil Shradr & dre-ame fafaiest ufadifardrsif ot off smaifad
foban ger af 31efd 2020 & ot ITfAfaerdl o 12,500 & aff 3ifelcs BT Td Tlel-STMeUT Wb HThId fabdTl golds
37eaTd, e I[S&dTe b TehT Ufdere o eTduifoich 313107 el 3iichrel ol fefd bl earel of T&d g8 U
B[ehdIe I EhId-dTd Bidchd off EdI 3MYehT &b TTeTeUch Jfdfafel &b dgd, Hegrersg & fdfalool fgeei o
3TAfA a3 TTal dTe> oAT-34Tel | Ugefel | BrfeneslC enfaies & - fA&d fEms! fAe & Lico-8ied dbrifes
AT 3ThT & YS! FIeTaes! Jefelrest b 3T - UTe & ATHIUT Holefuch brefchd aft enfaes |

EHT & ol FET Jeed T8 &, 3TN 3MUel 965 UL derh Sfeleiele] Bifehdll ol ddleel dogell, AT
fafdenesa & & affde Icpte e Ualel e, aiedid faufdersal o &fchd gl & sgfaosdels 3T
faoTd I Falal Go & TEUNT Dheoll, dT Th Whics Teelel Td Hares dbg & &U i drdefles 2l sadb
37eTa, afTed 3ite ugieft Gelf & A & A Jfafdfey & T amdTed Amfcefs 3iie TEidm UaTel ded 2gel enfaes
2158 dB dollol & T, 3T gIeT 3P elaffUlcs brfchdl dell dg el drfernsisl o1 rdiviel
fafatost afecita faufdencsal | shicsoll A fabam AT g1 fAerds aATedst & sfiedty faufdencsdl Td dhicsuil &b BiAl
30T HPT el Bt gafed 3raere verd &t fdod oiid €1 8ea, 318amTd HedIIal b Teh Tl Sieddh-faidrfor &
gotol o1 off Pee ToTraT g, Tilfdh g 3o ey faufdenesdl | dicsull & Hbd deed g, 3ie el g vt 3/d
3MTSpT UfdaTe ol Teh 3ffaloet 39T oft &6T 91T §1 S&HBT YT N ,31YhT b &1 I3 EC SYUf Ufdafencs! biidics!
(V9 Td AT D) GIeT el Agald 3HTe AAYUT B AT gl & 3oid & &< TH & Wid YUl pdatdl &b el
3T81TE ok hedl gl

EATE ITafelaT |1E & 3fedel 8l b abeddiedlel, Ufdue ob 3rezef ol efideg ot fAg Td AArfaeld diges ol deth &
it et o arezer & Ufd dafee & pdsidl och deell aTgdT &l &9 Y fosal &, faufdencsd siojeret 31T Td
81Ted dLDIC P Hlold elTelol fAhTd IHATHT dell I&h HfABIAT dAT Bifdcd! & Yitd HgdlJT, uereref Td
AdfeT D1 3rfaAedipd Bed &l

et eraatefdt
foéerds, 3igehl




IUCAA LONG SERVICE AWARDS

Standing (L to R): Mukund S. Sahasrabudhe, Pravinkumar A. Chordia, Senith S. Samuel,
Rajesh D. Pardeshi, Bhimpuri S. Goswami, Nirupama U. Bawdekar, Manjiri A. Mahabal,
Neelima S. Magdum, Vyankatesh A. Samak, Bhagiram R. Gorkha, Hillol K. Das, Kumar
B. Munuswamy, Gajanan B. Gaikwad, Vilas B. Mestry, Santosh N. Khadilkar, Balaji V.
Sawant, Deepak R. Shinde, and Shashikant G. Mirkute




Sitting (L to R) : Niranjan V. Abhyankar, Varun Sahni, T. Padmanabhan, Mangala J.
Narlikar, Jayant V. Narlikar, and Somak Raychaudhury

Members who could not receive the Awards in person that day: Sandeep L. Gaikwad,
Varsha R. Surve, and Deepika M. Susainathan
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DIRECTOR’S REPORT

For the last three decades, IUCAA has been at the forefront of
fundamental research and teaching in almost all areas of
Astronomy and Astrophysics (A & A). TUCAA continues to
play a leading role in large projects of national importance,
including LIGO-India and the Thirty Metre Telescope projects,
and is a significant contributing partner in the Square
Kilometre Array and various space projects of ISRO, including
AstroSat and the future Aditya—L1. All members of the small
Core Faculty at IUCAA have been recognised in the national
and international communities as talented experts in their
areas of research. They have been invited to give talks in well-
recognised research meetings, and most of them are in
important decision-making committees and organisations all
across the world.

In this context, | would mention the recent discovery of extreme UV light from the distant galaxy
AUDFs01, using the Ultra Violet Imaging Telescope (UVIT), on board ISRO’s AstroSat, which was
designed and built by a team led by IUCAA scientist, Shyam N. Tandon, as part of an ultra-deep
survey. The work on this discovery was started about two years back, by a global team led by
IUCAA Core Faculty member Kanak Saha. Astronomers have long been looking for sources of
reionization in the early universe, and this discovery helps to understand the process. Although
these galaxies emit extreme UV radiation, spotting them is very difficult, and galaxies such as this
have not been spotted by previous UV telescopes such as NASA’s Hubble Space Telescope or
GALEX.

IUCAA currently has 27 Core Faculty and Emeritus Professors, 31 Post-Doctoral Fellows, and 61
PhD Scholars. They have collectively published 134 peer-reviewed papers, with a mean impact
factor of over 5. We are very proud of this, since it shows that our colleagues are not just very
productive in their research, but they are making a substantial impact on the subject. During this
year, five [IUCAA students have obtained PhD degrees. Even more gratifying is the fact that the 173
Visiting Associates of IUCAA, who are faculty members at Indian Universities and Colleges,
supported in their research by IUCAA, have published 308 peer-reviewed papers during the same
period. This number has increased over the years, and clearly indicates the impact IUCAA has had
in promoting and nurturing A & A research at institutions of higher education all over the country,
and has provided facilities and the right atmosphere for nurturing active collaboration between
members of the community of associates and the national and international communities.

During this year, we welcomed four new members to our Core Faculty, namely, Debarati
Chatterjee, Subhadeep De, Dipanjan Mukherjee, and Nishant K. Singh, who have joined us from
the Centre Nationale de Researche Scientifique, Caen, France; CSIR — National Physical Laboratory,
New Delhi; Universita degli Studi di Torino, ltaly; and Max Planck Institute for Solar System
Research, Gottingen, Germany, respectively. Joydeep Bagchi, our Core Faculty has superannuated
during this year, and he has been appointed on a short contract as a Consultant to look after the
Radio Physics Laboratory at IUCAA. Tarun Souradeep, another member of the Core Faculty, has
joined IISER, Pune as Professor and Chair of Physics on deputation.

(17)



Annual Report 2019 - 20 |

The 31st IUCAA Foundation Day Lecture was delivered on December 29, 2019 by K.
VijayRaghavan, Principal Scientific Adviser to the Government of India, who is a distinguished
professor in the field of developmental biology, genetics and neurogenetics. His lecture was titled,
‘Manthan: The promises and perils of the churning of data’, and dealt with the myriad questions and
challenges facing human society in an age where the processing of information of all kinds is being
handed over to increasingly complex machines or artificial intelligence. K. VijayRaghavan posited
that ‘knowledge has always been the key that opens the door to power, but today fewer and fewer
people share that key’.

During the same visit, K. VijayRaghavan also inaugurated the building of the Astronomy Centre for
Educators. The building and its activities are funded by the Ministry of Human Resources
Development under the PMMMNMTT Scheme. The Astronomy Centre for Educators, and the
National Resource Centre for A &A, hosted by IUCAA have developed an online course titled, “Stars
and Stellar Systems’ for Annual Refresher Programme in Teaching (ARPIT). These online lectures for
the SWAYAM platform were recorded by 13 Astrophysicists from 8 institutions of higher education
and research spread across the country, highlighting recent developments in the respective areas,
while touching upon the basic required pedagogy, and emphasising emerging areas in the field.

Among the members of IUCAA, T. Padmanabhan has been given the M. P. Birla Memorial Award,
and Kandaswamy Subramanian has been elected a Fellow of the Indian National Science Academy.
Avyarthana Ghosh (IISER Kolkata student working on her thesis at IUCAA) has been given the K. D.
Abhyankar Best Thesis Presentation Award, by the Astronomical Society of India.

Emeritus Professor Jayant V. Narlikar has been presented the Justice Mahadeo Govind Ranade
Memorial Award, Doctor of Science (Honoris Causa) by the University of Kerala, the Brahmabhushan
Puraskar by the Brahmin Seva Mandal, Mumbai, a Distinguished Alumnus Award by the Banaras Hindu
University, Sir Asutosh Mookerjee Memorial Medal by the University of Calcutta, and the Sir Dr. M.S. Gosavi
Excellence Award by the Gokhale Education Society, Nashik. Ajit Kembhavi and Pushpa Khare (Former
Visiting Associate of IUCAA) have been awarded the “Mahatma Jyotirao Phule Puraskar” for their Marathi
book “Guruttviy Tarang - Vishwdardshnache Nave Sadhan” (Gravitational Waves - A New Tool to Watch and
Understand the Universe) by the Maharashtra Rajya Sahitya ani Sanskruti Mandal.



| arfdes wfddest 2019 - 20

Recently, IUCAA has been selected by the Government of India to lead the first stage of Pune Knowledge
Cluster, which will bring together educational and research institutions and industry in Pune to undertake
global projects in Big Data, Environment, Education, Health, Integrated Traffic and Transportation, Electric
Mobility, Water Management, etc. to benefit the society in general. Two other Knowledge Clusters have been
established at Bengaluru and Hyderabad, by the office of the Principal Scientific Adviser to the Government of
India.

IUCAA has continued to be at the forefront of science popularisation and outreach activities for high school
students and the general public. Regular Second Saturday Lecture/Demonstration Programmes for local
school students have been conducted, and are very popular, and on every one of these occasions, the
Chandrasekhar Auditorium has overflown with students from the local community and from afar. Moreover,
the School Students” Summer Programme and the Astronomy Camp during the summer attracted a large
number of school students. These activities have reached over 10,000 students. The National Science Day
programmes, consisting of various competitions for school students, demonstrations, lectures, posters and
model presentations, night sky watching, etc., were conducted in [UCAA campus, and IUCAA Girawali
Observatory region, for two days during February 27 and 28, 2020, and attracted more than 12,500 students
and general public. Apart from these, there were public visits to IUCAA campus on every Thursday, and sky
watching programmes on every Friday, if the sky conditions were suitable. Outreach activities included
lectures/demonstrations/workshops conducted at different parts of Maharashtra and elsewhere- this included
our rural outreach programmes around the LIGO-India site in the Hingoli district, and in the vicinity of
IUCAA’s own Girawali observatory.

The main objectives of IUCAA have been to conduct vigorous research programmes of its own, and to provide
a centre of excellence within the Indian University sector, and to help to promote the nucleation and growth
of active groups in Indian Universities, and functions as a field station and resource centre, and provide
general guidance and help for A & A activities in India and neighbouring countries. To achieve these, the
Visitor Academic Programmes, and numerous workshops and schools conducted at IUCAA, and at various
Indian Universities/ Colleges give enough openings to students and faculty members of Indian Universities and
Colleges. This enabled the creation of a network of Visiting Associates, who are faculty members of various
Indian Universities/ Colleges, and they became a part of IUCAA family. All of this owed to a great deal of hard
work and dedication by the entire talented staff (core and contractual) of [IUCAA. | wish to express my sincere
thanks to every one of them.

I would also like to express my deepest gratitude to our mentors, our Governing Board with Dr. K.
Kasturirangan as Chair, and our Council, chaired by Dr. Dhirendra P. Singh, Chairman of the UGC. We
sincerely acknowledge the help, advice and support from the University Grants Commission and its officers
and staff, and from the Ministry of Human Resource Development of the Government of India.

Somak Raychaudhury

Director,
IUCAA, Pune.
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IUCAA IN NUMBERS

Visitors to IUCAA

1600
B Visitors (General)
1400 - e Visitors (Abroad)
B Visiting Associates
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400 -
200
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2017 - 2018 2018 - 2019 2019 - 2020

Since its inception, the IUCAA extended family of Visiting Associates has seen a steady growth over
time,with an academic strength today nearly thrice its original number.

IUCAA Family across the Years
180
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—=— |UCAA Associates ,«/
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Publications across the Years

=== No. of Publications by IUCAA Academics
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—— "No. of Publications by IUCAA Visiting Associates
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Number of Publications by IUCAA Visiting Associates are underestimated.

The increasing academic strength has gone hand-in-hand with a corresponding increase in scientific

output.
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IUCAA Visiting Associates across India

™

2007-2008

"""A

2017-2019

Diverse set of IUCAA Visiting Associates has continued to expand both in numbers as well as

geographically, with significant representation today from the remotest parts of the country.
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Workshops / Schools at IUCAA and outside IUCAA

—e— Workshops/Schools at IUCAA
B | e Workshops/Schools outside IUCAA

201

Number
o

=
o

IUCAA is committed to fostering Astronomy and Astrophysics in the Universities, primarily through an
increasing frequency of Workshops and Schools, both at and outside [IUCAA.
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Summer Programmes at IUCAA

IUCAA also reaches about 200 school students per year through the School Students' Summer Programme and Astronomy Camp,
in addition to many other Outreach Activities and Events throughout the year.

No. of Participants during 1990 - 2017

Vacation Students'

Programme Refresher Course

Summer School

IUCAA's Summer Programmes provide short, intense crash-courses in Astronomy and Astrophysics to
budding researchers at the under-graduate and post-graduate levels through the Summer School and
Vacation Students' Programme, as well as to seasoned teachers through the Refresher Courses.

Public Outreach Events at IUCAA

mmm National Science Day Events
12000 1 \uum 2nd Saturday Lectures / Demos
BN Public Lectures

10000 +

8000 A

6000

No. of Attendees

4000 -

IUCAA also touches the lives of thousands of lay citizens each year through a variety of Public Outreach
activities.
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siafeel & vegide it nifafaferar
siafker A vegide Fuiaafge g

gles €1 &, 28 fAdae 2020 & 8fTedla Tgadsfia eer vegleiid! fAerst Teglde o sidfieffa - e & ura
AT G2 e AT gl 3T, S fAere & dohadel & Bdbe YU 3T 38 16 &b IUANT dcs, 94
TiaftedT & enfdies 28T 81 5 eTIarIse Godlel Ufediutel bl aidcd 3MThT o T dfess Ul Td. Tal.
¢gol gl fohdT I1ATI §&dh Slod glol & e, Seie! & Ut fadiid SgrIdl & H1edsl & 3MYehl of Teglde
AT AUIE dcs Bl TdTal bl foigdiardt &t g, ol fob FeYul sffedad Taer fadell & Tegidle &
JUANTh A3 T HERIT 37 Ufel&fuT UeTel ehed &1 3TehI, S&ch Tab 3iiel-alg Iuchevll df &, dhefarddl
Ao ToRTes BAUTE o fohC Uesls 3ifulers] aice aft Tesrar &l

gl UTd st o GIeTel, 3MMYehT & dGedl of TEgldlc & &1 oTUch &de e fdfelest Uable & failel csed
T 3fe(eeul fobar g1 54 Jfafdfe & dgd, 3 anfaziare Gpos qul fAufdeansa afkd de dbicsul 30
fasyfaemesa, ST fATSAT SEaIfAdT, 3HTE.3TE.ST DBleTe, 31T8.3MMe.c1 didd, hisee (Tdl Hleddr UTd)
faufdeney, dorye faufdenesy, fafthes [AUfAaTesy, 3MTE.3M8.Cd.2.31Me. AIGIHT, 31T8.31T8 T 2.3, U],
HETAT Mieft fAUfAencsd 3iie 3T, Blcsal Hag daUT e Hod AU & 3fofeiens fagrell 3T
ABTI & AT Afchd &Y & TGN de 28 8l | 5 eifel 3 H© A& 3iel ot Y fhT IC &

aR 3T 3MhT2PPNe

TEGIdC ol ol IO & & T & SAD 3egl
qrgese gAfAT Thlehiu (gdismeet) bl Icpee
AT eferdT, foidieal Tegldle bl Th fdegd
3BT &7 & 5T w9181 3iTen f3f, goft I A
TEAST Uereif ohl Igaldd (deeper) Td 2UT
Cloll YabTe ohl Bfddl I gifdcs ool & Uges &
3ffelds Teld gl gl

BIgdol-gdcdch §8 A UTeTeft Udhrel, aiafeefta
(intergalactic medium) AT & 3HTTofldb 20T
wee g € I 6 oS 1 ot o At ot o she g e Bw@EsT | bl &I Eld gl ol HIEl, dTH Tgal 3¢
Ziliaﬁgﬁmﬁmiﬁ?ﬁm@%ﬂgﬁﬁﬁﬁg FEDFRY (2020) & TEEET UVIT BT ITIT
e P T S ST gz o) R TR (2SAE 2 = 142
U2) Y UG M - Ut hl BIgHAT-Adcddh

fafdseuT &t Ug[e AT bl TTfAd ohe 28l 8, JoTohl

Ul &9TTel & 5T fHaT| & 3MdTeFFT @1 AUDFsO0! (TEgIde 3icwT 21T Hhies &tef 01) o11et f3ar I g,
311¢ TE I Agcayuf offdichT bl Yafeld dbedl & Uil ThIRFINSHT of thedel dIc3t 3HdTaiTahleNIfia-d i

e 3efighd el & falais B
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3MTH-UTe bt 3BTRS i fdeqd Idl AT o g g & faifdld drel &bt Icfd & &l obT Fesrel
fdaT & 30T 3o1d & B M1 oToicd Td el TRTall U g - widl b fautel, srqaftd Irefta siaprermimne
(3CTE2UT & fHT, NGC 4571 dolch ETET 31 AT ¢8al), 3T I emert Afesftser 3mdaremomait &
Bl o1 I8 (eUTH Tgal 31T ALANINT - Tilof TT 37c5 2018) BT HTHIRFII H INesTehIe dIel T A &,
Uil B dad Yelal Ueref g, 3o7ds fachrel & &1 & UVIT 3eadel & §IeT eradh dedl i Tileohrel UTed g8
g1 3CTECUT b 5T, Il SIT-UfHTUT 3T & 3edol o HTEHS & Tg YT I ¢ fdb diech &g NGC
1851 T I60T 3 312d IY & falool 311 & e fIdTel gl o facsd & g3 T (2219t E2of 3ie Tt -

GATTH et al 2017)|

BT ATHTRETIE

TEGIAe T UVIT, 31T Tad-¢ 3UdeUll & &l - dlde Tad-¢ coledhia (sxT), fdens vad-2
3HTeIUTIoh I3CT &7 (LAXPC) 3iE Befadd foich Sexjeres gatute (CzTI) ficsche Teb §gd oaTueh Hoff
UfgahT U2, TEAieId ild! bl Tb T 3(dmIdhal dodel thl T (AT efaTdT Uelel dedl gl Ig efdiar 3of
Terelf & 3regdel & fAT fAey &u & dgcaquf & fAeich! fafdseur &t diedr daa & ael agd dofl &
Seordt gl gereil ol Tell Teb a9f &fchd 3TN EidT §, 0Tgl Tdh dhald Huediad (el & Goddilo]
T T fATSTST & BT I[6lT) Sbeh gles iUl 3HTeTuTe <hl el deit fadrel & faer g3i1 g aa ofl gof eaft
qe91 dEl U2 Sgd 3HfEeh SUTeNd €, &l € Teb Udes v oel Ueref T JcaiauT (sicrers) oft ched € oft
3T Tesahe Ofeld Icdiulel & TWIGTel 4T gl 3Nl & dallfald Tegldle (Id Gaire, Jufla fasm,
anfazft efeicls, Udbrel fAurel, Tdle emg) & ATedd & oy 3ied dfchd BTN Tl 3{amdidhel dbhe
72 €1 BT & Tab 3TETT Seyfert-1 galaxy IC4329A 1 feT aufesat ot uerdareft § & & I, 3er
TP Ude!, el gFT Ue gatel aIcst Shlg foleids oTedd] & &oeh g1 ddb et ugdd g, Ceft Th
3iferqles e & fST AT Yerel fasar g1 fobe off; Jasfial & U, U f3ech hep s & 3fUelehd dgd
et (80-150 Gravitational radii ) U2 Sfed idt UTE GTdt &1 TaTg b 3fidfddd 8T g feedh dedell ol
qTcsol oTel ohed &1 UdTg bl 3Hidfeeh 8T 3fd 5ef fSedh eiedell ol feedl fdesdpes oTel €1 UVIT, SXT 3iie
LAXPC & Th &1 8T &bl &dd desoll of oft sTgcaquf ugessil ol Uahe fdar g fas sraesifobd Iceiofol bl
3ccol gdT g1 Tardl-2 a8 3 aufchafla ealel 3iiT 3icfelds dig Tad-2 UdTg, Glail &l gdf fafdseur o aeult
& faloofdr UTg Wit €1 T Tahed-¢ Iceivtol bl Toh didbdd g, foietohl 3cufa sifelgfes fSeh A Idoo
TeTdIToft TpIcTall & hiducel 3U-Ebheiedl o UfeUTeeday gidt gl Te-Ya{cd dics dfchd Jcsaredt b
TELIde 3dmidhel & Udl Il ¢ fob §ig dE Tael-¢ dufchdl o1 HAgcaqUl &U & TTdich -foiddl & 3fofy
faaeal glar g, Tiifds UVIT 32T b AT fAcsahe, 3cdiutal ahUT UaTl dhial dles 3idfolfed @UT fddeur &bt
Yopid U ATgcayquf Yafid STesar 8l

b g1 T2 darserdt (fgsmendl) ugfd

TSI Tael-2 Ul grel 3Ucllg ol Tel e faud -deq o & Th & sgglal fddie 3¢ heh gleel
efed el uerel grel Icnfed dia Ufdadel & &efes Ucof| drechid goddiTel dics s5ah glcd Teb dlgotel
TEUL & AW A &8 YTl U Toh fAeIT UchIe ob Goddilol ol dgaelel dhed &, difdh gof deq3ii o &u
& fach1of ueref J[escdter &faTdT ares ol & Tad ITgers dob del dedl ¢ 3 AT eaardm & Jairal
I SCahe ASTel hedl gl Ufeunafl diadr o falool-&ul 3ile qufchelta 3iTepidal ol g goddirel 3ile
<IShUT Hfgd sdeh gles &b I[UT o1 UdT 39Tl &b feC Seddiles fabdT ol dehd €, 3i1e 9 3ifalqfes Uarg of
ETegISToTAD fehansil o oft Uiche e &ehd €|
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3o FHoAf Tohel-2 & &ae Ue ddcalefics-3ard fdecsouT cheal ohl Tegldle bl efdidl Udig & 3ide &Il ol
UdT 91al & fST Teb 3MTcef 3uchell gl B B e o &3 &l dlgold! fdecd dl Teglde &b
HTETS & 3MYhT & daflfeiep! gIel eTal fdhaT I1AT 81 58 & & Cyg X-1, Cyg X-3, GRS 1915 + 105,
MAXI J1820 + 070, fédUre J1535-671, 4U1630-47, fedUC J1658.2-4242 Hdl B olle Nfdics gl Sotal &
e AAG! A, faidal Faf 3T Iz FHoif d1es Tad-< of Ufdaderefiedr ot qeell 3 3ifAgfe yag &
3Midfecs &A1 T YdTg UfdadeiefiesdT & chIeull o a1 & gHIS STTol bl &dfes fabdl g1 3aTgeul & ST, I8
31claTTol SBITTT ol Hebd & fob Ufdadoteftcsdr & sigds eile tedh sifalgfe e & aTedt 8l of Icuool
glol & BV Icool gl &, Uil 3Ge i 31T YssIdel chedt gl goldl & ¢t 978, o Ufdaderefiesdr & &
B8 3Hef-3rafdes e Sicsefl Udpfd (QPO) ot €l 3faeTe, QPO i 3Tgfd I Tarel-¢ Udlg &b &1
Sgeidfed UTdm T 81 ETddre &, fedtre J1535-571 9 QPO Tqfd 3¢ Iwd-FHull Tardd-2 dufchd Geslel
& HeT Toh Hfolss dgddel Bl gefdr I, fAdds 3idafd BIAfUCTSfAI resl3g bl Afddifcsd ol &
AEITd 3T I1T| &beh gl fdeedl feadue J1658.2-4242 & 48 I QPO & Hull-faiele areemdft agre
1 Th fdeqd-3readel 3iIe ifaqgfe fedeh & dUdel & falesial T dtd hielell e fotele shedr g, faid
3o Glail ob He 3delcs o AT TSI Uil Fehdl gl GRS 1915 + 105, Teh 70-g¢uf QPO faieed, i
9IS 3 31d dob Ig 3geeun oft & 98 Top fAfd 3mgfd ue & afed giar 8, Tegide grer ol I8 &l &
YTT 7T, 3] HEide; aufehalid feAIfd & &Tel G2afde Teb e Jqfd o 81 §& YTt & Teb 31T QPO
GiI fa5 2 §Cof & 6 ECuf o o1 E1dT &, SADI SIS Tegldc TUawT &b [decsyUT &b HTET & ol dall &t
37591 UTT 97T ST fob STeifaiah thiardeft ol fédeh ob aT1ediat & eafel Shifeivl HaTd &b cchdl b &U A
TfafTfSId fasarm 91T &Ml ge1 9 o Ig oft Saran 97T fob Ug w5 gles 3iUel Hfeihddl afled Ufdehalu
3refd 59181 90% b IIfd & T he ¢&T &l Tecldle, Aaerdis 3ie Tg deelesT & el Th Hdifodd
qUichaflT 31eaTel & HIAT T il I1fd & EFH I8 &b &1s bl aft “faecd 4U1630-47" & dgd ST I
gol 3idelcball b 3aIfd faced grel Toh dia I1fd (5918197 350 fobefl | Adsg) ol 3mafeid arg o aff
a1 I

(Softa farsm, diuiase sigramd, el aifa, off. faider, STdt Hobae, Wele eMlg, Ay Ugret ud dgaf)

et fRard a1 ifPasfa

TEGIdIT gIel el chl Ul Te! &Hal Ucrelf ol Toh 31T dgcayuf Juft & syglel fAdre enfdes g, o zad
1 JoTch §ge HuTgd Jachid & & 3591 hedl &, Seldh 3Tl geidi 9911 Td del-J1ie aft afadifesd gl
Sgglel ATl U 3ifalqfes g1 Uchle dToidd glagldivolicd (Gaddadhia) Uaital o 3iefiel gidt §, wiifd
cfterar & ufeadel 3ile aufcher Ue 3uel gad o Hidbidd BIU Bisd &l pv fdecd, fAdd sdgiel dre ol
vrerehUT off Ofetd YT & 3fTafeies digeset 9 &g bl Yebe e ehdl &; Tl yarell ol "sifargefsT Tarar-2
Joele’ Shel oildT &1 Teclele & dA1edd & fAel sggiel die o foldel -goddilel Tahel-2 dIgeldl 4U1728-34
& A AT UPpfd DT 3{egdet fbar I eff, fdd Th ~ 820-8<uf QPO i GefdT I, 38 3avfd
YHiegfaresde Tard-2 faehic 3 363 guf Ue T Cd &t fobeft safeies dfterdr dres fafoo], Tad-2
fdewic & gleTel ogglsl die ol YRIchUT 3Mgfa ol UgeiTel ohi IT8 81 Teglde of fdeqd &9 & 3= oudiiel
qTe Tahd-2 dTgoe1dl odglel fddrel fadeal & Tarehics Tard-2 fdethic T aff 3fdcsidhal fasdT 4U0115 +
63 ToIT AT &1 1 31T 2 fASIESof ue T QPOs ot et ol Tl RIgTal dIe b Hulgd qachid & b &rel
gdifgd grel ares ueref ol 3idt: fobaT o Icioot Eid 1 AahId & "ATSahIgiol Suiloldl ebeied thidel &
&Y A Tard-¢ dufchdl df off Yabe gidT 8- i fdb ITdid 3raeNvur-foieids FHoif Icd Tuea: St a5 &
Sdfed gl
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S CE DT U f&ecd, Her X-1, bl ATSTwmIGIol AL ot FHulf bl Th alefcblfcsed &Y fearel & fT
STell ATl 8, ol 3cdofal &7 & &g g & hfdcd ufdddel & a1 & ddordl gl 3ngdl &
3foleielToTohdlsll of ohg fdfaeet 3ilchgl dol &HYch Teglde &l b AT g fAecd ol Ulesel fabdT g,
3i¢ gal Fivll &b 3iavfd O ura fob, fUoes &l Gerdhl & 5 fdecd & Ucdel &7id g & shater: U 15
quf & GIeTel dhafl 3TE & 3i1e, dd & 5 T (RITich ATl fosdT I1T 81 S SaTdT I & 1o I8 dHd o
T GIhIY g b 3ie efie-¢fie Tedr g3 v Cefl sifdipdat fedie g ue ugadT g, foier ue ueref ot
3feaadlg 3ie afgalg T gare i aqicsd dbed &l (TTasit 21, dael aTesl, didiche aigrard, dofta fAsm ud
EERIN)

IMTAT-2 fAd=pie

TegIdC U2 hefddd fch Scaeles gduTe Uamig e 2 faehie (ditamedl) o Th dthes deddh Zel &l
gech TTe} heol o Ho Tl b 3ice &l Sefch Ueid faethle ol Ud e I, 3ile 3i2erst &b ud &ies af
s FaTdt 250 & 3Hfeid deb Ugd 12| 5o &aft GRBs b YUl 3ilchsl T YhaTuT 3{Ig fdeeWUT 3{IgchT
R Usis sifuersT dce A gidl g, 3iie faret oft T & deafed SATeiehIdl dahies & ATduifaich sidial 3
Gge 1 Tt 81 GRBs & el Iceiofol b Tg-dig 3Headel ol HfdeoToleh doflel &b 3Hfdfdeh, CzTI of Teh
IS deaT Teall (GWI170104) & Yediidd Ufded ot Uehfd ol gute dheal 3iiT geie (GW170817) &
Tl b (d1eT Teat) diahal 3 8t Age bl 81 (SiUiche g, erdeter s&aTaf, fagut erdf, 3rota fasffa,
T&UT HTe3eId Td Hgd )

sifddeht vaer-2 gdftament o1 ATaa

CZTI 3UcheUl 100 & 400 keV bl Huff oflar &
Tehel-2 Jcaiofel & gefibevt Bl Aa bt sfgetar i ] ., -
&IFTdT BT GTdT hedT gl SADT ULV &pd Yo - © & #éz 3
& fafdseot & gdieent B AU B BT AT el fT o fT o
IAT § - T BIel, Y, did-Tehul (3rafd 33 ! &
fA@IAdss), b JIabid (~ 3 CePllel) sgglel o i ,
TCIE UIE AT o ATICIEhIe Iedufel derhed i) /= ,
319 ool A U T At vem w0 F e e 2
3 geltepeut &bt pIvfie R 3R &1 & aiteprer ,

& JogTe o THUT 31ef o Y&uuT b AT Ufchdes . 3
2, 31z g, T oft TATAT 2 5 50T ITAT BT TL  rontahrs a2l e s o s ot m o

: : - Trrelel & UbT ol celfar 81 usear & fST, S&d Ueel ot &f 3afeldl ol fRamn IR g1
dlalg Bef aﬁw ceie Eﬂ?g ?HB[ Eﬁ' Gﬁ da Tdcht It ST gIel Uodd Whlse ®i cefar srm eféiomadt Bfa - @fte (Ta)dsa

SSICIEDIE 2, JeP Bl ATge Faoot Eldl Bl e o o
Wa?ﬂﬁﬁwméﬁaaﬁwaamﬁ 0T TR & F T 2 Ahe (D) ebd Uewe B e s 3 VAT BT
e[diepeuT ot ShIUftY feRifar 3fAd o1 & airebrer & T G S S T e

o o IhUT 378l & YLUUT &b T Ufchdes 2,

3iIe ug, Ig oft garar g fd 5 Icdivlal bl agl

PPPPP

PPPPP
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arere & AT Yoere arg &7 3 il §ic ATeICIEWhIdR §, I&b 31 S8 Icool gl &1 g UaTehics!
T fobeull & fadethleol gq oft gldteheur ol oTuT 91T 8, foieret Gerfar Irar ¢ fob gdiapeut Jureaana
ford UehTe & fdethle & afeddl & didar & ufdafdd gid &1 Jafd fdethle & Ble avif ol eadT & gdipd
1351 A1 &ABar 8, fabog agt 5aTds Toquf faehical & 3iierd gdidseuT o &1 7dT g1 5 a1¢ Jaed
e[auTATIST Hifds dg-c3edl & AT TanIehIdl & Faid g, I&al did IMaAT-Tdeull & IcTofol —~ddf &
Th ITgel eSS UeTel ol g1 Uil Uchifeldht UfchdTail b hidiah faahlel ol Ucfeld dheal & f3T dapfedds
U & a1 fAbigial ol gerfdl & , Tl Scdiofal shidid dachid &7 31 giaT &l (erdelal geaTef, faget
erdf, Eidiche ergramef vd dgah)

TEEIAT IUANTEHAs &g dgradr

Tegidic d Tt Uafe Ifafafeial & & ol Toh &, dl geicb IUTNThAl3H ol HEIIdT Td HEINT VeTel heol]
g, fTd 3ehT enfAes g1 31 38ed &q, B & WA 3l TEANT & AR 3RIdT TegIde &
dSTlfolch HEIAdT Tehito (ASSC)dhT Edlcsal the 2al &l Teglde BhrAydrg ddicsall b e & Teglde
UTeTcs WATAVT faeca sieTeh Tah WeNiIichl - Tdsat & Tl 3UNThdf3il & 3facichel Yedld Ut dbedl &
3fic e, T 3Tecal , IUDHUT HHAPBId BT Ydeel dhedl § 3¢ 3idd: IUUE DI @Il ares
31CeeluTcsel SalYe bl Eralcsel chedl gl B Udhdl bl TH-I@Td 3T 3fEdal ASSC gIeT fabaT HArd &l
TegIde o daft 3UDBeUI & 3Ichsl bl dhdl ol 30 [AeHUT §q UE UBISS T BRJ[SIT ardracyT off
UeTel dhedl g, fid a1 deff  IudNTahdisil BT JUGel Herdl J-T gl ASSC Tegide Jedmal &
Al &b ATI-AT Idool 3fichsl &b IUANT A IUANTHA ol yfelfeld deat & fov faafad
BIACMSIS BT 3HIuTel hedl gl Ubits, Th Tegldc god s off Tosrdl § e amedsr &
3UGTh A3 & UTed Faft Uail ol Halfed fasdT oATdl 81 ASSC b ad Uides ol Heft 3Taedes ot
gfeleroT drerft sie Aitedde & Y-V b AT-d1e e Hio-oIgel codl 3l IuAfFansi &
Ufddrees b &U 3 oft RiIftd fasdm I/ g1 ASSC 42 Geil o Used I8 1400 3fofeoeloTahd 31l & pes
Goflepd Teglde 3UAThdlsi & 3MEE Bl B chedl g, foletal & 9T 319 affed & 31T Yafaid:
fayfdensa aad gl
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AtroSat Journey 2015 - 2020

Five Years of AstroSat

The Indian multi-wavelength Space Astronomy Mission, AstroSat completed five years in orbit on 28
September 2020. IUCAA has been deeply involved in this mission from the stage of conception, through
realisation and subsequent utilisation. The Ultra Violet Imaging Telescope, on board AstroSat was led by
Shyam N. Tandon of IUCAA. After the launch, IUCAA, with financial support from ISRO, has taken on the
responsibility to run the AstroSat Science Support Cell to provide help, support and training to AstroSat users
throughout India and abroad. IUCAA also runs the Payload Operation Centre for one of the on-board
instruments, the Cadmium Zinc Telluride Imager.

Over the course of these five years, members of IUCAA have pursued a wide variety of science goals with
AstroSat. In this activity, they have been collaborating actively with research scholars and faculty from many
Colleges and Universities including SP Pune University, Jamia Millia Islamia, IIT Kanpur, IT Bombay, Christ
(Deemed to be) University, Tezpur University, Pacific University, ISER Mohali, IISER Pune, Mahatma Gandhi
University, R) College Mumbai and several others. Some of the highlights of these research are presented
below.

Stars and Galaxies

One of the key strengths of AstroSat has been the excellent imaging capability of its Ultra Violet Imaging
Telescope (UVIT). This has enabled AstroSat to obtain both deeper and sharper images of cosmic objects in
UV band than ever before, for a wide field of size about half a degree. Ultraviolet light in Lyman continuum
band is the main source of ionisation of the intergalactic medium. Kanak Saha, Shyam Tandon and
collaborators (2020) used AstroSat UVIT to discover the farthest known galaxy (at redshift z=1.42) that is
releasing a copious amount of Lyman continuum radiation into its surroundings. This galaxy has been
christened AUDFsO1 (AstroSat Ultra Deep Field source 01), and it demonstrates the vital role that galaxies
have played in keeping the diffuse intergalactic gas highly ionised.

Detailed UV imaging of nearby galaxies has revealed the sites of recent star formation and some of them are
in surprising, unlikely places - such as outskirts of lonely, gas poor galaxies (for example, NGC 4571: Kanak
Saha and Shyam Tandon), and in gas streams stripped from “Jellyfish” Galaxies (Shyam Tandon and
collaborators - George et al 2018). The UVIT study of globular star clusters, some of the oldest objects in our
Galaxy, has revealed interesting facts about their evolution. For example, it has been found through the study
of UV colour-magnitude diagram that the cluster NGC 1851 was formed by the merger of multiple star
clusters of ages differing by over 3 billion years (Shyam Tandon and collaborators - Subramaniam et al 2017).

Active Galaxies

The UVIT, together with other X-ray instruments - Soft X-ray Telescope (SXT), Large Area X-ray Proportional
Counter (LAXPC) and Cadmium Zinc Telluride Imager (CZTI) on-board AstroSat provides a unique capability
of simultaneously observing a cosmic source over a very wide energy band. This capability is particularly
important for studying objects whose radiation intensity varies significantly and rapidly over time. One such
class of objects is Active Galaxies, where a central super massive (a million to a billion times the mass of the
sun) Black Hole, fed by the surrounding gas and stars, glow brightly at all these wavebands and also produce
powerful jet-like matter ejection which further contributes to the observed emission. Scientists at [IUCAA are
carrying out observations of several Active Galaxies with AstroSat (Gulab Dewangan, Ranjeev Misra, Savithri
Ezhikode, Prakash Tripathi, and Zahir Shah). One such example is the Seyfert-1 galaxy 1C4329A. The
spectrum observed in the ultraviolet band has provided the evidence for an accretion disk, a thin, differentially
rotating entity through which material approaches the Black Hole. Contrary to the expectations, however, this
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disk is found to be truncated at a relatively large
distance (80-150 Gravitational radii) from the Black

Hole. The inner part of the flow does not follow this B
disk structure any more. Careful comparison of the
simultaneous data from the UVIT, SXT and LAXPC has 1800"

also revealed important aspects of how the observed
emission originates. "
The spectral slope in the X-ray band and the soft X-ray
excess flux are both found to be varying in step with
the UV radiation. This is a tell-tale sign of the X-ray
emission being produced as a result of Compton up- "
scattering of ultraviolet photons generated in the

Declination (J2000)

19'00"

; ; 210 18°
accretion disk. Right Ascension (J2000)

. . . . Composite AstroSat/UVIT NUV (red), FUV (green) and Chandra X-ray
AStrOS&t observatlon Of a Jet-domlnated ACtlve Galaxy (blue) image of IC4329A. The unresolved active nucleus is clearly seen in

has revealed that the broad band X-ray spectrum the X-rays and NUV but it is not detected in the FUV band due to heavy
ionifi lv devi f | h hich extinction by the dust lane passing through the central regions. (Credit:
significantly deviates from a power-law shape, whic Gulab Dewangan)

along with the UVIT data, has important implications

on the nature of the underlying particle distribution

that produces the emission.

Black Hole X-ray Binary Systems

One of the main themes being pursued by AstroSat X-ray instruments is the rich patterns of intensity variations
produced by compact objects, including Neutron Stars and Black Holes. Stellar Mass Black Holes accreting
mass from a binary companion are of particular interest, as in these objects the radiating matter enters the
deepest of gravitational potential wells and strongly experiences the effects of general relativity. The resulting
intensity variations and spectral shapes can be used to infer the properties of the black hole including its mass
and spin, and they can also reveal the hydrodynamic processes in the accretion flow. AstroSat’s capability of
carrying out sensitive timing analysis at high energy X-rays is a perfect tool to explore the innermost regions of
the flow. A number of Stellar Mass Black Hole binary systems have been studied by IUCAA members with
AstroSat. The list includes Cyg X-1, Cyg X-3, GRS 1915+105, MAXI J1820+070, Swift J1535-671, 4U1630-47,
Swift J1658.2-4242 to name a few. In many of these cases, comparison of the variability at low energy and
high energy X-rays has enriched our knowledge of the inner regions of the accretion flow and the causes of
flux variability. For example, it could be inferred that the broadband noise component of the variability arises
due to perturbations originating in the outer parts of the accretion disk migrating inwards. Some of the
observed variability has been of quasi-periodic, oscillatory nature (QPO). The frequency of the QPO is often
found to be correlated with the X-ray flux. In particular Swift J1535-571 exhibited an extremely tight
correlation between the QPO frequency and the slope of the high-energy X-ray spectrum, suggesting the
involvement of a Comptonising cloud.

A detailed study of the energy-dependent temporal behaviour of the QPOs observed in the Black Hole system
Swift J1658.2-4242 could be explained by the variation in the temperature of the accretion disk and a hot
corona overlying it, with a time lag between them. In the system GRS 1915+105, a 70-Hz QPO which so far
was thought to occur at a fixed frequency, was found by AstroSat to have a variable frequency correlated with
the spectral state of the system. Another QPO in this system, that occurs in the range 2 to 6 Hz, was found,
via the analysis of the broadband AstroSat spectra, to vary exactly as the dynamical frequency, defined as the
inverse of the sound crossing time through the disk. This measurement also suggested that this black hole is
spinning at nearly 90% of its maximum possible rotation. A coordinated spectral study with AstroSat, MAXI
and the Chandra Observatory found a fast spinning Black Hole also in the system 4U1630-47. These
observations also detected a fast moving (about 350 km/s) ionised wind from the system. (Ranjeev Misra,
Dipankar Bhattacharya, Yash Bhargava, V. Jithesh, Bari Magbool, Zahir Shah, Mayukh Pahari, and
collaborators)
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Accreting Neutron Stars

Another important class of compact objects being studied by AstroSat consists of Neutron Stars, which
distinguish themselves by their extremely strong magnetic fields, covering the range giga- to tera- gauss and
beyond. Accretion onto neutron stars is thus subjected to strong hydromagnetic effects that imprint their own
signature on the intensity variations and the spectrum. In some systems, the spin of the neutron star can also
manifest itself in periodic modulation of observed flux; such objects are called accreting X-Ray Pulsars. Rich
temporal behaviour of the Neutron Star Low-mass X-Ray Binary 4U1728-34 was studied with AstroSat,
demonstrating a ~820-Hz QPO, thermonuclear X-Ray Bursts and a periodic intensity variation at 363Hz,
identified with the spin frequency of the neutron star, during one such X-Ray Burst. AstroSat also observed a
bright X-Ray outburst of the High Mass X-Ray Binary Neutron Star system 4U0115+63 in detail and discovered
QPOs at 1 and 2 millihertz that arise in the interaction of the inflowing matter with the strong magnetic field
of the Neutron Star. The magnetic field manifests itself also in the X-Ray spectrum in the form of Cyclotron
Resonance Scattering Features - absorption-like dips whose energy values are directly related to the field
strength. One such system, Her X-1, has been known to show a secular variation of the energy of the
cyclotron feature, suggesting a gradual change in the field strength in the emission region. ITUCAA members
have followed this system with multiple AstroSat observations combined with other data, and have discovered
that over the past two decades the apparent field strength of this system gradually reduced over the first 15
years and has since then assumed a steady value. This was explained as a mound of accreted matter gradually
building up at the magnetic pole over time, and reaching a steady maximum height at which the matter inflow
and outflow balance each other.

(Jayashree Roy, Suman Bala, Dipankar Bhattacharya, Ranjeev Misra, and collaborators)

Gamma Ray Bursts

The Cadmium Zinc Telluride Imager payload on AstroSat has been a prolific detector of Gamma Ray Bursts
(GRB) The first burst was detected within hours of it being switched on, and the total count in five years of
operation has reached over 250 detections. The entire data processing and analysis of all these GRBs take
place at the payload operation centre located at IUCAA, and the information regarding any detection is
immediately posted in the public domain. Apart from facilitating multi-band study of the prompt emission of
GRBs, CZTI has also helped in clarifying the nature of a proposed counterpart of a Gravitational Wave event
(GW170104) and in constraining the location of another (Gw170817).

(Dipankar Bhattacharya, Shabnam lyyani, Vidushi Sharma, Ajay Vibhute, and collaborators)

AstroSat User Support

One of the key activities related to AstroSat that IUCAA is involved in is the help and support provided to the
users of AstroSat. The AstroSat Science Support Cell (ASSC) is being run by IUCAA for this purpose with
financial support from ISRO. At the heart of AstroSat operations workflow is an IT package called the AstroSat
Proposal Processing System which receives observing proposals from the users, manages reviews, time
allocation, instrument configuration and eventually produces inputs for the generation of commands that run
the satellite. This package is maintained and updated by the ASSC. The Cell also provides a computing
environment to reduce and analyse data from all instruments of AstroSat, which is made available to the users.
ASSC conducts regular workshops to train users in making AstroSat observing proposals as well as in utilising
the data generated. The Cell also runs the AstroSat help desk that addresses all the queries received from
users. The web portal of the ASSC is set up to disseminate all the necessary information, training material and
software, as well as to host several on-line tools and utilities. The ASSC serves the entire registered AstroSat
user base of nearly 1400 researchers spread over 42 countries, about half of which is from India and primarily
from the University sector.
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Hard X-Ray Polarisation Measurements

The CZTI instrument boasts the unique capability of measuring the polarisation of X-Ray emission in the
energy range of 100 to 400 keV. This has been used to measure the polarisation of the radiation from Crab
pulsar — a young, isolated, fast-spinning (period 33 milliseconds), strongly magnetised (~3 teragauss) neutron
star generating copious magnetospheric emission. The results show that in all pulse phases the polarisation
position angle is well lined up with the projection of the spin axis of the pulsar in the sky, suggesting that the
bulk of this emission is generated in the equatorial pulsar wind region just outside the closed magnetosphere.
Polarisation has also been measured for several bright gamma ray bursts, showing that the polarisation
properties change quickly through the burst. While small sections of the burst may be strongly polarised, the
average polarisation over the entire burst tends to be low. This time-resolved polarimetry, coupled with
spectroscopy from multiple missions, has provided deep insight into the mechanism of the prompt gamma-ray
emission — showing evolution from photospheric processes to optically thin synchrotron emission occurring
in significantly ordered magnetic fields.

(Shabnam lyyani, Vidushi Sharma, Dipankar Bhattacharya, and collaborators)

Polarization fraction (%) m

Polarization angle (deg) ©

0.0 05 1.0 15 20
Phase

AstroSat measurement of the polarisation of the Crab pulsar. Left hand figures: coloured bars in panel a show the degree of polarisation and those in panel
b the position angle, as a function of pulse phase. For clarity two periods of the pulse are shown. The thin black line shows the pulse profile. Right hand
figures: coloured arrows display the polarisation vectors in the plane of the sky, superposed on a Chandra X-Ray Observatory (NASA) image of the central
part of the Crab Nebula. The colour code corresponds to that of the phase ranges shown in the left figures. The white arrow represents the projection of
the pulsar’s spin axis. (Credit: Santosh Vadawale and collaborators)
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University Centre for Astronomy
and Astrophysics said.

Samir Dhurde, from [AU
National Outreach for India, said
Indian youngsters responded to
this unique opportunity to find
out more about astronomy,
these breathtaking exoworlds
and also were able to help estab-
lish an Indian name in the sky.

Dr Somak Raychaudhury,

‘Pune intellectual fountainhead of
nation, has self esteem & courage’

Cluster will not solveit,” he said,
adding that when each case
was examined deeply, it was
found that multiple elements
needed to be addressed.
“Sadly, there is no single
weak link. Every link needs to
be strengthened. Maybe all are

Director, IUCAA, and member of
the national committee, said,

ISRO missions draw bigges} crowds at

ANJALIMARAR
PUNE, FEBRUARY 28

EXHIBITS AND models of ISRO's
missions Chandrayaan-2 and
Aditya-L1 were the biggest draw
for residents of Pune on the
National Science Day on Friday.

Crowds of children and their
families thronged the Inter-
University Centre for Astronomy
and Astrophysics (IUCAA),India
Meteorological Department
(IMD), National Centre for Cell
Science (NCCS), Agharkar
Research Institute (ARI), Indian
Institute of Tropical Meteorology
(IITM) and scientific depart-
ments at Savitribai Phule Pune
University (SPPU), where most
scientific displays highlighted
India’s latest contributions in the
fields of space, biotechnology,
astronomy, chemistry and de-
fence, among others,
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subatomic particle, the pi-meson, hind selecting the city for a sci- Ir_lg_ to queries on the delay in
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with her mentor D M Bose and Cluster’, Professor K | dents."Top institutions have
published her results in Nature, VijayRaghavan, principal scien- these issues and at the smaller
butdid not get due recognition.” tific advisor (PSA) to the Union | ones, it goes to a deeper level.
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The Chandrayaan-2, Laser
Interferometer Gravitational-
wave Observatory (LIGO) and
Manav Human- Atlas pro-
gramme were among themajor
attractions, besides some of the
upcoming missions and projects
like Thirty Metre Telescope
(TMT) and Aditya L1 mission.

However, the maximum

crowds were drawn towards the
Chandrayaan-2 and Aditya-L1
mmmsm&wummsﬂﬁm

with the model of the GSLV Mark
HI rocket, which was placed near
Bhaskara Hall at TUCAA.

The Vikram lander and
Pragyan rover, launched as part
of the Chandrayaan-2 missionin

September last year, had failed
to execute a soft landing on the
Moon. But this was no deterrent
for the crowds who were seen
‘waiting patiently for the maiden
simulation-based film screen-
ing which focused on the launch
Chandrayaan-2. Presented in
Marathi and English by UK-
based research scholar john

_Indian Express, Pune Feb.29, 2020, Newsline P.1

(38)

science institutes

Paice, visitors of all age groups
witnessed the simulation-con-
trolled successful landing of
Vikram rover during the special
20-minute screening. The
screening was followed by a
question-answer session.

1UCAA will observe an open
day on Saturday too.

u No‘Open Day’ at
IISER, NCL

Most of the scientificinstitu-
tions and research labs in the city
had thrown open their gates, al-
lowing visitors, school and col-
lege students into their labs and
workspaces. But 100 students
whao visited Indian Institute of
Science, Education and Research
(lISER), Pune were denied entry
into the institute.

While it is mandatory for
government-run scientificinsti-
tutions to observe an open day
on National Science Day, [ISER se-

curity personnel reportedly shut
the gates on the visitors. The
1ISER administration clarified
that the incident had occurred
due to miscommunication.

Similarly, CSIR-National
Chemical Laboratory (NCL) ob-
served a Science Day that was
meant for ‘select invitees' only.
Despite a lecture presented by
Mission Shakti Project Director
U Raja Babu from Hyderabad-
based Defence and Research
Development Organisation,
only a select audience was able
to attend it. During his public
address on ‘Technological
Challenges: Missile and Space
Missions', U Raja Babu shared
that warsof current times were
fought and were remotely con-
trolled from multiple locations.
He said, “Network centric war-
fare, information and cyber
warfare will be predominantin
the years to come,”
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PUBLIC LECTURES

May 22, 2019: Puragra Guha Thakurta (University of California, Santa Cruz), on
Galaxies, Dark Matter, and Life on Earth.

October 22, 2019: Gary Melnick (Center for Astrophysics, Harvard - Smithsonian, USA), on
Interstellar Water: Past, Present, and Future.

January 8, 2020: Bhuvnesh Jain, (University of Pennsylvania), on Pursuing the Shadow of a
Black Hole.

February 3,2020: Arnab Rai Choudhuri (Indian Institute of Science, Bengaluru), on How the
Saha lonization Equation was Discovered.

All the talks are available at our YouTube Channel
https://www.youtube.com/user/I[lUCAASciPOP/

SECOND SATURDAY LECTURES

July 13,2019: Jayant Narlikar (IUCAA), on Why Study Astronomy?

November 16, 2019: Pratik Dabhade (IUCAA), on Radio Signals from Space: Unveiling the
Mysteries of the Universe,

December 14, 2019: Samir Dhurde (IUCAA), and Geeta Mahashabde (Navnirmiti Learning
Foundation, Pune), on Observing Solar Eclipse on December 26, 2019.

February §,2020: Helen Mason (University of Cambridge), on From Sun to Earth (in English).

February §,2020: Samir Dhurde (IUCAA), on From Sun to Earth (in Marathi).
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ACADEMIC CALENDAR
- ( XY

ANNUAL EVENTS AT IUCAA

2019

April 17 -20
National Conference on Recent Trends in the Study of
Compact Objects: Theory and Observations

May 6 - 31
School Students' Summer Programme and Astronomy
Camp

May 13 - June 14
Refresher Course in Astronomy and Astrophysics

May 13 - June 28
Vacation Students' Programme

2020

February 28
National Science Day

EVENTS AT IUCAA

2019

August 16 - 24
Indo - French Astronomy School (IFAS5) on
Spectroscopy and Spectrographs

September 19
Pune Knowledge Cluster (PKC) Town Hall Meeting

October 22 - 25
International Conference on Infrared
Astronomy and Astrophysical Dust

November 13 - 14
SALT Science Meeting

December 3 - 5
Indo-Chilean Astronomical Dialogue- II

December 4 -6
Newton-Bhabha Open Data Indo-UK
Workshop

December 16 - 24
IUCAA - NCRA Radio Astronomy Winter
School

December 18 - 21
FINESSE Workshop and Hackathon:
Hands-on Interferometer Modelling

December 29
Foundation Day

2020

February 3 -7
5th Asia-Pacific Solar Physics Meeting

March 7 - 11
FINESSE Workshop and Hacakthon: Hands-on
Interferometer Modelling



EVENTS OUTSIDE IUCAA

2019

April 27 - 28
Astronomy Congress - 2019
At: Calicut University, Kozhikode.

May 11 - June 1
Advanced B.Sc. (Physics) Summer programme
At: St. Xavier's College, Ahmedabad

May 24 - 28
Workshop on Data Analysis and Machine Learning
At: lISER, Tirupati

August 19 - 24

Workshop on Engineering Applications in
Astronomy

At: Vishwakarma Institute of Technology, Pune

August 29 - 30

Introductory Workshop on Astronomy and
Astrophysics

At: Union Christian College, Aluha.

September 11 - 13
North-East Meeting of Astronomers (NEMA-V)
At: Tezpur University.

September 17 - 19
Workshop on Astronomical Data Analysis
At: Jagannath Barooah College, Jorhat, Assam

October 11 - 13
Workshop on General Relativity and Cosmology
At: GLA University, Mathura

October 14 - 17

Workshop on Python use in Physics and
Astronomy

At: Kashmir University, Srinagar

October 30 - 31

Introductory Workshop on Physical Perspectives of
Astronomy

At: ICFAI University, Tripura

November 8 - 10
Workshop on Emergent Gravity Paradigm
At: CUSAT, Kochi

November 20 - 22

Workshop on Statistical Applications in Astronomy
and Astrophysics

At: Assam University, Silchar

November 20 - 22
National Workshop on AstroSat Data Analysis
At: Goa University

Annual Report 2019 - 20 |

November 21 - 22

Workshop on Exploring the Universe

At: D.D.U. Gorakhpur University, and LBSPG
college, Gonda.

November 25 - 30

Short Term Course on Gravitation and Cosmology
for College Teachers

At: Providence Women’s College, Kozhikode.

November 26 - 27
Workshop on Concepts in Astrophysics
At: Marthoma College, Nilambur.

December 15 - 16
International Workshop on LIGO-India
At: SRTM University, Nanded

December 16 - 17

National Seminar on Applications of Statistics in
Natural Sciences

At: St. Xavier's College, Kolkata

December 19 - 22

Indian Association of Physics Teachers Under-
Graduates Camp in Physics and Astronomy
At: BITS-Pilani, Goa Campus

December 26 - 29

Workshop on Science of the Star in our Backyard:
Introduction and Data Analyis

At: St. Mary College, Wayanad.

2020

January 4 - 11

IUCAA-CUTN  School on Introductory General
Relativity and Cosmology (ICSIGRC)

At: Central University of Tamil Nadu, Thiruvarur.

January 20 - 31

International Conference and School on

the First Billion Years of the Universe using Next-
Generation Telescopes

At: lIT, Indore

January 31 - February 1

Workshop on Astrophysics and Astronomy for
Women in India

At: Diamond Harbour Women&#39;s University,
Sarisha.

February 1 -2
Seminar on X-ray Astronomy
At: St. Thomas College, Ranni

February 17 - 18
Frontiers of Physics-VIIII
At: Fergusson College, Pune
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AWARDS AND RECOGNITIONS

Debarati Chatterjee

Open Badges (digitall Award, by Le Ddme Science Centre in Caen, France for the following
skills/achievements in science outreach:
« Dissemination of Scientific Culture (June 3, 2019)
Contribution to the Community Pint of Science (September 3, 2019)
Contribution to the Community Reflections (November 25, 2019)
Contribution via Social Media (February 20, 2020)
Expertise in Popularization of Research (March 26, 2020)

Avyarthana Ghosh

» K. D. Abhyankar Best Thesis Presentation Award (2020), by the Astronomical Society of India, during the
38th Annual Meeting of the ASI at [ISER-Tirupati.

Ajit K. Kembhavi (IUCAA), and Pushpa Khare (Former Visiting Associate of IUCAA, from the Department of
Physics, Utkal University, Bhubaneswar)

* Mahatma Jyotirao Phule Puraskar (2018), for their Marathi book: Guruttviy Tarang-Vishwdardshnache
Nave Sadhan (Gravitational Waves - A New Tool to Watch and Understand Universe), by the
Maharashtra Rajya Sahitya ani Sanskruti Mandal, under the category of Science and Technology (including
Computer and Internet). This award was been given by the Government of Maharashtra, under The Late
Yashwantrao Chavan State Literature Award Scheme.

Jayant V. Narlikar

Justice Mahadeo Govind Ranade Memorial Award (2019), on April 26, 2019.

Doctor of Science (Honoris Causa), from the University of Kerala, on August 22, 2019.

Brahmabhushan Puraskar, by the Brahmin Seva Mandal, Mumbai, on December 14, 2019.

Distinguished Alumnus Award, from the Banaras Hindu University, on January 17, 2020.

* Sir Asutosh Mookerjee Memorial Medal (2019), from the University of Calcutta, on January 28, 2020.
 Sir Dr. M.S. Gosavi Excellence Award (2020), from the Gokhale Education Society, Nashik, on February
19, 2020.

T. Padmanabhan
« M. P. Birla Memorial Award (2019).
Kandaswamy Subramanian

» Elected as a Fellow of the Indian National Science Academy.
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RESEARCH GRANTS AND FELLOWSHIPS

Dipankar Bhattacharya

¢ ISRO Grant to set up the AstroSat Science
Support Cell (ASSC).

« DST Indo - ltalian Gant for the project: AstroSat:
A New Window on General Relativity.

Debarati Chatterjee

« Alexander von Humboldt Renewed Research
Stay Grant.

Subhadeep De

e Under the “Quantum Enabled Science and
Technology (QUEST)” of the DST, grant for the
project: Optical Clock Based Accurate Time
Stamping in Quantum Communication.

Sanjeev Dhurandhar

« NASI Senior Scientist Platinum Jubilee
Fellowship.

Neeraj Gupta

« CEFIPRA Grant for the project: Cosmological
Evolution of Cold Gas from Quasar Absorption
Lines.

Ajit Kembhavi

« NKN Grant for the project: Data Driven
Initiative in Astronomy and Biology.

« NKN Grant for the project: Data Driven
Initiatives in Astronomy and Biology- Joint Big
Data Mining.

« DST Indo — US Science and Technology Forum
(IUCCTF) Grant for the project: Pragadh; Indo —
US Centre for Pan Astronomical Deep Learning.

« DAE Raja Ramanna Fellowship (Track — 1).

« Navajbhai Ratan Tata Trust Grant for the
project: Gravitational Wave Data and Science
Centre (GWDSC).

Ranjeev Misra

«  UGC - UKERI Partnership Grant for the project:

New Frontiers in Multi-wavelength Astronomy
Correlated Variability of Accreting Black Holes
and Neutron Stars from Optical to X-rays.

+ Southampton University Grant for the project:
Southampton — IUCAA Training for Astronomy
Research and Education (SITARE).

Sanjit Mitra

« DST Swarnajayanti Fellowship for the project:
Gravitational Waves Astronomy with a Network
of Ground-based Detectors.

T. Padmanabhan

« DST ). C. Bose Fellowship.

Isha Pahwa

« DST INSPIRE Fellowship.

Aseem Paranjape

+ DST - SERB: Ramanujan Fellowship.
A. N. Ramaprakash

 Participation Grant in Thirty Metre Telescope
Project.

« ISRO Grant for Design, Development and Supply
of Solar Ultraviolet Imaging Telescope (SUIT) for
Aditya - L1 Mission.

+ Infosys Foundation Grant for Resurgent Caltech —
IUCAA Collaboration for Advanced Instrument
Development and Scientific Discoveries.

« Grants to develop Optical Telescope Integral
Field Spectrograph (DOTIFS) for Devasthal,
ARIES, Nainital, India, and Korea Institute of
Advanced Studies, Seoul, South Korea.

« Grant to develop Robotic Adaptive Optics
(RoBoAO) for California Institute of Technology,
USA.

« Grants to develop Wide Area Linear Optical
Polarimeter (WALOP) for Institute of Plasma
Physics, Crete, Greece, and South African
Astronomical Observatory, Cape Town.

« Grant to develop Detector Controller and Data
Handling System for MIRADAS, University of
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Florida, USA.

« Grant to develop Large Binocular Telescope Interferometer for LBT Observatory, University of Arizona,
USA.

Kanak Saha

« CEFIPRA Grant for the project: The Assembly History of Disk Galaxies over the Last 8 Billion Years.

« DST Indo — South Africa Grant for the project: Galaxy Evolution: Simulation, Observation and Data
Analysis under Enhanced Exchange Programme.

Varun Sahni

« DST J.C. Bose Fellowship.

Durgesh Tripathi

+ Indo — German Max — Planck Partner Group Research Grant.

OTHER GRANTS TO IUCAA

» Teaching Learning Centre (TLC) Grant for the project under the Pandit Madan Mohan Malaviya
National Mission on Teachers and Teaching (PMMMNMTT).

» National Resource Centre (NRC) for Astronomy and Astrophysics for the project under the
PMMMNMTT.

« Annual Refresher Programme in Teaching (ARPIT) for Astronomy and Astrophysics Grant under
the PMMMNMTT.

» DST — DAE Grant for Technology Development and Capacity Building for Gravitational Waves
Detection (LIGO — TDCB).

e DST — DAE Grant for LIGO — India SEED.
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Quantum Theory and Gravity

Exploring the Rindler vacuum and the Euclidean plane

In flat spacetime, two inequivalent vacuum states which arise naturally are the Rindler vacuum
|R) and the Minkowski vacuum |M). One can then build standard QFT based on these two vacua
and study their inter-relationship. In particular, one can study Minkowski and Rindler Feynmann-
propagators Gaq(x2,x1) and G (z2, 21), respectively, defined by the standard procedure. It is well
known that the Minkowski propagator G can be thought of as a ‘thermalised’ version of the
Rindler propagator G in the following sense:

Gmlit)= Y Ggr(it+i2mg"), (1)

n=—oo

where 7 denotes the Rindler time coordinate and g is the acceleration parameter, which is taken
to be unity henceforth. There is, however, another intriguing relationship between G ¢ and Gr,
which has received very little attention in the literature. It turns out that, for events (x1,z2) in
the right-Rindler wedge, Candelas and Raine (1976) showed there was a curious relation between
Gr and Gaq given by:

o0

Gr(z1,22) = Gpmlo(x1, x2)] —/ dX

— 00

Gulo(zr, 2l (1 — \)]
2+ (A—m7)?

(2)

where o (z,y) is the square of the invariant distance between the two events, and the event CCéT)(T)
is defined through the relation LL’éT)(T) = 2o(7 +4m). Geometrically, one can interpret :Cgr) (1) as the
‘reflection’ of x5 (7) about the origin of the z — ¢ plane, as shown in Fig.1.

The original derivation of Eq.2 makes use of the fact that Gg and G o4 are the Feynman propaga-
tors in the two vacua |R) and | M), respectively. It was not clear whether the same relation holds
for a much wider class of functions, and if so, what are the essential ingredients which go into this
relation. In this work, two functions {Fr(7), Fa(7)}, such that Fiq is the periodic sum of Fr in
the sense of Eq.(1) are considered. When both these functions are even, Karthik Rajeev and T.
Padmanabhan showed that an integral transformation exists, which express Fr in terms of Fa
and hence, can be interpreted as the ‘inversion’ of the thermal sum. This transformation is given
by:

du U
Fr(z) = /c ) [m} Fa(u), (3)
where the contour is C shown in Fig.2. Further, they showed that for real values of z, this integral
transformation reduced to a relation between Fr and F, which has exactly the form of Eq.2.
This result has the physical consequence that Feynman propagators of appropriate vacua in a
general spacetime with a bifurcate killing horizon, whose explicit expressions may even be unknown,
simultaneously satisfy equations analogous to Eq.1 and Eq.2.

Euclidean quantum field theory serves a useful mathematical tool to calculate important phys-
ical quantities in the real-world Lorentzian quantum field theories. In this work, Karthik and
Padmanabhan clarified an important issue related to the Euclidean to Lorentzian continuation
of points in Minkowski spacetime, namely, that the analytic continuation of the Euclidean polar
coordinates — which involves replacing tgp — —it and 7 — —i7 in x = pcosTg,tg = psinTg —
would lead us only to the events in the right-Rindler wedge. The question arises as to how one
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can extract the information contained in the other four wedges of the Lorentzian sector from the
expression valid in the Euclidean sector. In this work, they provided the four different analytic
continuations (see Tab.1) of the Euclidean polar coordinates such that one can reach all the four
wedges in the Lorentzian sector from the Euclidean Rindler spacetime. The procedure is based
on a simple unifying principle, viz, that the analytic continuation should map Euclidean squared
distance 0% to (03, + i€), with a positive, infinitesimal, imaginary part in the Lorentzian sector.
The authors explicitly demonstrate that this procedure leads to the correct expressions for the
propagators in the Lorentzian sector, even when the two events are in two different wedges.

Case | Euclidean — Lorentzian 0% — o

RR (r,0) — (p,iTe=") 0>+ p? —2pp’ cosh(r — 7/) +i0F
(7‘/9/) N (p/, iTle_ie)

RF (r,0) — (pr,iTR) —p% + p% — 2ppprsinh(tp — TR) +i07T

(T/79/) — (ipF_yiTF + % + 6)
FF | (r<,0) — (=e“ip<,it + 5) | —p% — p +2p<p> cosh(r —7') +i0F

(T>79/) - (ip>a7;7-/ — %)

Table 1: Recipe for analytic continuation: Here R, L and F denotes the right, left and future Rindler
wedges, respectively. The notation RR denotes the case when both points at which the propagator is
evaluated lies in R, while RF' denotes the case when one point is in the right and other in the future wedge,
and so on. (r,6) are the Euclidean polar coordinates and (p, 7) the corresponding Rindler coordinates, with
the subscripts indicating the appropriate wedges.

Complex time route to quantum backreaction

When the degrees of freedom of a system can be naturally divided into two subsystems, say C' and
q, apart from the classical limit (viz. the & — 0 limit), one can also study another useful limit. This
corresponds to the limit in which one subsystem, say C, is effectively classical, while the other is
quantum mechanical. In the study of such systems, quantum backreaction refers to the correction
to classical dynamics of the subsystem C due to the feedback from the quantum excitations of g.

One approach towards studying backreaction equation, that is often discussed in the literature,
uses an effective action Sers[C] for the system C' obtained by ‘integrating out’ the quantum degree
of freedom ¢q. To obtain the dynamical equation that describes the backreaction on the system C,
we may demand that dRe[Se;r]/dC = 0 for the effective classical ‘trajectory’ C(t). Unfortunately,
there are some severe issues in this approach: (i) the backreaction equation is non-causal, and (ii)
the dynamics of C obtained by this approach does not seem to completely incorporate the effects
of particle production. The origin of these undesired features is the presence of matrix element
of operators acting on the Hilbert space of g-subsystem evaluated between the ‘in-vacuum’ and
the ‘out-vacuum’. The ‘in-in’ approach, where the ‘in-out’ matrix elements are replaced by ‘in-in’
expectation values, is devoid of the issues (i) and (ii). The main drawback concerning the ‘in-in’
prescription is that the manner in which one has to postulate — rather than derive— the backreaction
equation is ad hoc.

In this work, Karthik Rajeev illustrated how the ‘in-in’ prescription could be given a path
integral basis. For this purpose, he considered a C'— g system described by the following Lagrangian:

L=—""[7-*CO)*]+M %2 V()] . (4)

He then formulated a path integral based effective action Sgc s for time evolution along a general
complex-time contour 7. When the evolution is along the 77 of Fig.3, the corresponding back
reaction equation, obtained by varying the effective action SZ} f [C], matches exactly with that of the
‘in-out’ formalism. On the other hand, for the choice of time-contour 75 of Fig.4, the backreaction
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Figure 4: 73: The natural complex time contour that is relevant in the ‘in-in’ formalism.
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obtained by varying the corresponding effective action S’ZJ% f[C] turns out to be precisely that of the
‘in-in’ formalism.

Therefore, one obtains a path integral based approach for deriving the correct backreaction
prescription, which: (i) is causal and (ii) has the effect of particle production correctly taken into
account.

Cosmology and Structure Formation

Primordial black holes from a tiny bump or dip in the inflaton potential

The existence of primordial black holes (PBHs) has been a subject of considerable interest ever
since this possibility was suggested by Zeldovich and Novikov in 1967. Subsequently Hawking
(1974) showed that quantum evaporation would leave behind PBHs with masses greater than about
10'%g, smaller black holes having completely evaporated by the present epoch. Interest in PBHs
grew quite rapidly following these two seminal papers. It was soon realized that PBHs created in
the early history of our universe could be of considerable importance since they might:

1. Seed the formation of supermassive black holes (BHs) in the nuclei of galaxies and AGN’s.
2. Influence the ionization history of the universe.

3. Contribute to the dark matter (DM) density in the universe.

One might add that since particle dark matter in the form of WIMPs or an axion has not yet been
compellingly discovered either by accelerator experiments or by direct DM searches, the possibility
that a significant component of DM may consist of primordial black holes presents an entirely
plausible and even alluring possibility.

Interest in PBHs received a major boost with the discovery by LIGO of gravitational radiation
from merging BHs (event GW150914) with a mass of about 30Mg. This discovery was supported
by additional events, and at the time of writing, the number of black hole merger events exceeds
ten, with many more expected to follow from future runs of LIGO, Virgo and KAGRA.

The precise physical mechanism responsible for PBH formation has been a subject of considerable
debate. Early models of PBH production included: formation during bubble collision in a first order
phase transition, the collapse of topological defects such as domain walls and cosmic strings, etc.
Within the context of inflation, it was suggested that an enhancement of perturbations leading to
PBH formation would occur if the inflationary spectrum had a significant blue tilt and/or non-
Gaussianity, or if the inflaton rolled extra slowly for a duration of time which was much shorter
than the full inflationary epoch.

In the context of single-field models, PBHs can form if the potential contains a near inflection
point, or a saddle type region, which slows the motion of the inflaton field and leads to a spike in
the perturbation spectrum.

Alternatively, the inflaton can also slow down by climbing a small local bump-like feature in the
base inflationary potential. As demonstrated by Swagat Mishra and Varun Sahni by locally
slowing the motion of the scalar field, the bump behaves like a speed-breaker and leads to a sharp
increase in the amplitude of the curvature perturbation R. An interesting example of a local
speed-breaker arises if a term such as V,(¢)e(¢) (¢ < 1), localised at ¢ = ¢o, is added to the
base inflationary potential V4(¢). Applying this simple prescription with a Gaussian speed-breaker
A(¢p — ¢p) to the string theory based KKLT model and to a-attractor potentials, the authors find
a sharp local enhancement of primordial perturbations at ¢y, which can result in a significant
abundance of PBHs at the present epoch. The local nature of the speed-breaker permits the
generation of PBHs in a wide mass ranging from the ultra-light 1077 Mg to the super-heavy
102 M, without significantly affecting the scalar spectral index n, and the tensor-to-scalar ratio r
on scales measured by the Cosmic Microwave Background (CMB). This stands in marked contrast
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Figure 5: Inflaton potential with a primordial black hole feature in the form of a local bump superimposed
on it. The feature arises at an intermediate scalar field value ¢ppnu before the end of inflation ¢ena. Note
that the bump size is shown significantly amplified for the purposes of illustration.

to ‘near inflection point’ scenarios which have difficulty in producing large mass PBHs without
introducing a significant red tilt into the primordial perturbation spectrum on CMB scales.
Interestingly, a tiny local dip-like feature, which originates when a term such as Vi (¢)e(¢) (e < 1),

localised at ¢ = ¢y, is subtracted from the base inflationary potential V;(¢), also serves the purpose
of PBH formation. Therefore, a general potential capable of generating PBHs becomes:

V(¢) = Vi(o) [1 £ ()], (5)

where V; is the base inflationary potential. The inflaton slows down while surmounting the
bump/dip, resulting in the amplification of the scalar power spectrum and the production of PBHs.
As demonstrated by Mishra and Sahni, both bumps and dips in the inflaton potential can suc-
cessfully generate PBH’s in a variety of mass-ranges (see Fig. 5).

In the standard single field inflationary paradigm, inflation is sourced by a minimally coupled
canonical scalar field ¢ with a suitable potential V(¢). The background evolution of the scalar field
is given by :

¢+3Ho+V'(¢)=0. (6)
The extent of inflation is indicated by the total number of e-foldings during inflation:

. tend
AN, = Ni — Nend = Jog, Zend _ H(t)dt, (7)
a; ti

where H(t) is the Hubble parameter during inflation. N, denotes the number of e-foldings before
the end of inflation so that N, = N! corresponds to the beginning of inflation, while N, = N¢*d =0
corresponds to the end of inflation.

The slow-roll phase of inflation, ensured by the presence of the Hubble friction term in the
equation (6), is usually characterised by the first two Hubble slow-roll parameters e, g,

H
H2
(56)
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Figure 6: Left panel: The scalar power spectrum Pr is determined: (a) by using the slow-roll approx-
imation (10) (solid green), and (b) by numerically solving the Mukhanov-Sasaki equation (red dots) for
the base KKLT inflation potential (11). Pr is plotted as a function of the number of e-folds before the
end of inflation N.. Note that both methods give identical results for a smoothly varying potential, in
which case Pr decreases monotonically with decreasing N.. Right panel: Shows the plot of the scalar
power spectrum during the formation of 107'* My PBHs in our model. This panel demonstrates that the
slow-roll formula (10), shown in solid green, miscalculates the amplitude as well as the peak position of Pr.
Therefore, one must numerically solve the Mukhanov-Sasaki equation (dotted red) in order to compute Pr
accurately.

where
€H, NH < 1 ) (9)

during the slow-roll regime, in which scalar field perturbations are usually quantified in terms of
the comoving curvature perturbation R and its power spectrum:

pR:i(H)gi. (10)

8m2 \my /) €m

One finds that a decrease in the value of the slow roll parameter ey as the scalar field surmounts
the bump (speed-breaker) in its potential leads to a corresponding increase in the amplitude of the
power spectrum (10). This has been illustrated in Fig. 6.

A more accurate determination of Pg is provided by solving the Mukhanov-Sasaki equation.
Mishra and Sahni have solved this equation to determine the black hole abundance in a class of
inflationary models including KKLT inflation, which has the base potential:

Vi) = Vo P (11)
¢n + Mn ’

supplemented by a speed-breaker in the form of a local Gaussian bump:

e(¢) = Aexp [—IW} :

5 (12)

which is characterised by its height A, position ¢g and width o.

Note that V(¢) is characterized by 4 parameters {Vy, A, ¢o, o}. Since Vj fixes the overall CMB
normalization, only three parameters {A, ¢o, o} are relevant for PBH formation. A speed-breaker
consisting of a tiny bump of height A < 1 slows down the inflaton field sufficiently to enhance the
scalar power spectrum relevant for PBH formation as shown in Figs. 6 and 7. Thus, the existence
of black holes in the universe need not be attributed entirely to dying massive stars, black holes of
a primordial origin could also contribute substantially to the black hole abundance today.
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Figure 7: The fractional abundance of primordial black holes is shown as a function of PBH mass in the
KKLT model for three differently located bumps. One sees that KKLT inflation with a tiny bump can
generate nearly monochromatic narrow band mass functions, corresponding to 6 x 10717, 1073 and 15 Mg
black holes. PBHs in these bands can contribute significantly to the dark matter density in the universe
today.

Voronoi volume function: A new probe of cosmology and galaxy evolution

Aseem Paranjape and Shadab Alam (Royal Observatory, Edinburgh) have proposed the Voronoi
volume function, (VVF) described below, as a novel probe of cosmology and structure formation.
For a collection of points in space, such as the locations of tracers like galaxies or dark matter
haloes, the Voronoi tessellation is a unique partitioning of space into cells such that (a) each cell
contains a single tracer, and (b) any point in a cell is closer to the tracer contained in that cell than
to any other tracer in the set. The Voronoi tessellation has a long history of applications in many
scientific fields, including cosmology and large-scale structure, where it has been previously used in
void-finding algorithms and numerical simulation techniques. The VVF proposed by Paranjape
and Alam is simply the distribution of cell volumes of the Voronoi tessellation of any given set of
galaxies or galaxy-like objects.

They show that the shape of the VVF of such tracers responds sensitively to physical proper-
ties such as mass, large-scale environment, sub-structure and redshift-space effects, making this a
hitherto unexplored probe of both primordial cosmology and galaxy evolution. Using convenient
summary statistics the width, median and a low percentile of the VVF as functions of tracer num-
ber density, they explore these effects using tessellations of tracers (specifically, dark matter haloes)
identified in a suite of N-body simulations of a range of dark matter models. They find that the
summary statistics are sensitive probes of primordial features such as small-scale oscillations in the
initial matter power spectrum (as arise in models involving collisional effects in the dark sector),
while being largely insensitive to a truncation of initial power (as in warm dark matter models). For
vanilla Cold Dark Matter (CDM) cosmologies, the summary statistics display strong redshift evolu-
tion and redshift-space effects, and are also sensitive to cosmological parameter values for realistic
samples. Comparing the VVF of galaxies in the GAMA survey with that of abundance matched
CDM (sub)haloes tentatively reveals environmental effects in GAMA beyond halo mass. Their
exploratory analysis, thus, paves the way for using the VVF as a new probe of galaxy evolution
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Figure 8: Correlations between internal halo properties, tidal environment and large-scale
bias. (Left Panel:) Spearman rank correlation coefficients, for haloes in bins of mass M.i:, between tidal
anisotropy and other halo properties. In the legend, each coefficient 7, is represented by the symbol a «b.
(Middle Panel:) Assembly bias trends seen using Spearman rank correlation coefficients 5. between halo
bias b and each internal property c. (Right Panel:) Conditional correlation coefficients 7, o for each
internal property c. Note that the vertical axis in the middle and right panels is zoomed in by a factor
~ 3 as compared to the left panel. The right panel shows the main result of this work: each conditional
coefficient ,, c| is substantially smaller in magnitude than the corresponding unconditional coefficient s, .
in the middle panel. Thus, conditioning on tidal anisotropy « largely accounts for the assembly bias trend
of all internal halo properties.

physics as well as the nature of dark matter and dark energy.

Halo assembly bias and cosmic web tidal anisotropy

In the hierarchical ACDM universe paradigm, galaxies are believed to form within virialized dark
matter haloes which merge to form larger ones. Understanding the properties of haloes is, therefore,
crucial when one makes predictions for galaxy formation and infer the cosmology from observations.
Galaxies and their host haloes are embedded in the large scale structure of the universe known
as the cosmic web. This refers to the accumulation of matter into nodes, sheets and filament-like
structures leaving behind vast expanses of underdense voids. The web environment of these haloes
plays an important role in determining its late-time properties like angular momentum, shape and
spin. This could be because haloes experience strong tidal forces and mass inflow rates in anisotropic
environments like filaments as compared to more isotropic ones like the centre of a node, thereby
affecting their internal properties. The web environment of a halo is quantified in this work by
tidal anisotropy «a, which is constructed with the tidal tensor. The clustering also seem to correlate
with halo properties like formation time, concentration, sub-structure content, spin, shape, velocity
dispersion and anisotropy. The dependence of halo clustering on a second property of the halo in
addition to mass is now generally referred to as Assembly Bias (AB).

The AB is interesting to look at for several reasons. It would help in understanding the physics
of structure formation. In the context of galaxy formation, the simplest empirical models link
galaxy properties to halo masses alone, so it is interesting to look at what imprints AB leaves on
galaxy properties. AB tells us that the large scale clustering some how determines the smaller
scale internal properties of the halo. Here, Sujatha Ramakrishnan, Aseem Paranjape, Oliver
Hahn and Ravi Sheth question whether this could be because of their mutual dependence on a
third intermidiary scale property. This is done by taking the example of a few halo properties,
and statistically show that halo AB is largely caused due to tidal anisotropy of the environment.
This is done with the help of analysing N-body simulations and measuring halo properties such as
shape, dispersion and anisotropy in velocity, spin and concentration. Then, the correlations which
exist between halo internal properties and large scale clustering properties are studied to find that
it is possible to statistically reduce this correlation when the anisotropy of the tidal environment
is kept fixed. Fig. 8 summarises the main result. From this, Ramakrishnan, Paranjape and
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collaborators establish the conditional independence of bias and internal properties of halo at fixed
a, and conclude that the tidal anisotropy of the environment of the halo plays a significant role in
shaping the internal properties as well as its correlations to the large scale clustering.

Observational Cosmology

Signatures of self-interacting dark matter on cluster density profile and
sub-halo distributions

Currently astrophysical observations provide the best way to explore the particle physics properties
of dark matter. Does dark matter have any interactions other than gravity? In this research work,
by Surhud More and collaborators, large cosmological simulations were run including effects of
different self-interactions of dark matter motivated from toy particle physics models. The focus of
the study was to look at various observational properties of galaxy clusters such as the dependence
on the number density profiles of satellite sub-halos and the density distribution of matter, in
the presence of such interactions. It was shown that current weak lensing data can already put
constraints on the self-interaction cross-section that are comparable to those obtained from the
analysis of the Bullet Cluster.

The splashback radius of optically selected clusters with Subaru HSC
second public data release

The edges of galaxy clusters, the so-called splashback radius, contain important information about
how the galaxy clusters were assembled. The observed location of these edges in optically selected
galaxy clusters, showed that they were about 20 percent smaller than expectations from the standard
cosmological model. Surhud More and collaborators carried out research in which, the detection
of the edges of galaxy clusters was extended to even earlier epochs in the Universe, as early as
when it was just half its present age. This research made use of the data from the Subaru Hyper
Suprime Cam survey. Tests on mock catalogues of galaxies showed that the new optical cluster
finding algorithm used in the work was less susceptible to optical cluster selection effects.

On the measurements of assembly bias and splashback radius using opti-
cally selected galaxy clusters

The galaxy clusters selected from large imaging surveys have been previously used to detect the
edges of galaxy clusters and to study the effect of halo assembly bias. In this research work, Tomomi
Sunayama, a postdoc from Japan, in collaboration with Surhud More, critically examined the
methodology behind these observational detections with the help of mock galaxy catalogues. They
mimicked the optical cluster detection algorithms and applied them to these mock catalogues to
show that the optical cluster finding algorithm can induce selection effects which cause one to infer
the presence of halo assembly bias, even when the signal is explicitly erased in the mock catalogue.
The work also showed that the projection effects induced by the optical cluster finding can bias
the inference of the edges of galaxy clusters, and thus, appropriate caution is warranted before
interpreting these observations done using optically selected galaxy clusters.

Kinematics of cluster galaxies and their relation to galaxy evolution

Surhud More and collaborators studied the kinematics of galaxies within massive clusters to
probe the physics of quenching of star forming galaxies within galaxy clusters. It was shown
using numerical simulations of dark matter, that the kinematics of satellite galaxies can provide
information about galaxy infall that is complementary to the (instantaneous) spatial distribution
of satellites. This kinematic information can help distinguish between models of galaxy quenching
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that require intracluster processes from those that do not. Comparing the simulation results with
measurements of real cluster galaxies, the research work presented evidence that the kinematics
of red (quiescent) satellite galaxies are consistent with earlier infall times than that of blue (star-
forming) satellites.

Cosmological constraints from cosmic shear two-point correlation func-
tions with HSC survey first-year data

The gravitational lensing effect in the Einstein’s general theory of relativity causes the shapes of
background galaxies to get distorted due to the gravitational field of the intervening large scale
structure. By measuring the exquisite images of about 9 million galaxies taken with the Subaru
telescope using the Hyper Suprime-Cam (HSC) camera, the survey collaboration measured the
weak lensing effect. The cosmic weak lensing shear two-point correlation functions were measured
using data from the HSC survey first-year shear catalogue covering 137 sq deg of the sky. This
study complemented the study performed the year before using power spectrum methods.

For a flat lambda-dominated cold dark matter model, the collaborators which included Surhud
More, were able to constrain the amplitude of density fluctuations with an accuracy of 3.5 percent
similar to that in the study using power spectrum methods. In comparison with Planck cosmic
microwave background constraints, these results prefer slightly lower values of these amplitude
of density fluctuations, although metrics such as the Bayesian evidence ratio test do not show
significant evidence for discordance between these results. The ongoing full HSC survey data will
contain several times more area, and will lead to significantly improved cosmological constraints.

SuGOHI-VI. Crowdsourced lens finding with Space Warps

The lens search was carried out, targeting massive galaxies, selected from over 442 square degrees
of photometric data of the Hyper Suprime-Cam (HSC) survey using Space Warps, a citizen science
project. Nearly 6,000 citizen volunteers participated in the experiment to inspect a sample of 300,000
galaxies. In parallel, Anupreeta More and collaborators used Yattalens, an automated lens
finding algorithm, to look for lenses in the same sample of galaxies. Based on a statistical analysis
of classification data from the volunteers and combined with lenses from YattalLens, they were able
to find 14 definite lenses, 129 probable lenses, and 581 possible lenses. YattaLens found half the
number of lenses discovered via crowdsourcing which is able to produce samples of lens candidates
with high completeness and purity, compared to currently available automated algorithms. A hybrid
approach, in which the visual inspection of samples of lens candidates pre-selected by discovery
algorithms and/or coupled to machine learning is crowdsourced, will be a viable option for lens
finding in the 2020s.

SuGOHI-V. Group-to-cluster scale lens search from the HSC-SSP survey

The largest sample of candidate strong gravitational lenses belonging to the survey of gravitation-
ally lensed objects in Hyper Suprime-Cam Imaging for group-to-cluster scale (SuGOHI-c) systems
are reported. Anupreeta More and collaborators visually inspected ~ 39,500 galaxy clusters,
selected from several catalogues spanning the cluster redshift range 0.05 < zcl < 1.38. Over 640
candidate lens systems were discovered, of which 536 were new. From the full sample, 47 are almost
certainly bonafide lenses, 181 of them are highly probable lenses, and 413 are possible lens systems.
Additionally, 131 galaxy-scale lens candidates were serendipitously discovered during the inspection.
Eight systems were spectroscopically confirmed as strong gravitational lenses. Since the HSC-SSP
is an ongoing survey, it is expected to find ~ 600 definite or probable lenses using this procedure
and even more if combined with other lens finding methods.
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SuGOHI-1V. Lensed quasar search in the HSC survey

Strong gravitationally lensed quasars provide a powerful means to study galaxy evolution and
cosmology. Anupreeta More and collaborators use CHITAH, an algorithm to hunt for new lens
systems, particularly lensed quasars, in the Hyper Suprime-Cam Subaru Strategic Program (HSC
SSP) S16A. A sample of 46 lens candidates are presented, of which 3 are previously known. The
six most promising candidates were confirmed with spectroscopy. The authors apply the software
GLEE to model the six confirmed lenses uniformly. Through the analysis of the HSC images, it is
noted that three systems appear to have point-like sources, which may or may not AGNs intrinsically.
Using emission line widths and diagnostics, one of the sources was found to be a probable quasar
and another source was found to be a Lyman-« emitter.

STRIDES: A 3.9 per cent measurement of the Hubble constant from the
strong lens system DES J0408-5354

A blind time-delay cosmographic analysis for the lens system DES J0408-5354 is presented. This
system is extraordinary for the presence of two sets of multiple images at different redshifts, which
provide the opportunity to obtain more information at the cost of increased modelling complex-
ity with respect to previously analyzed systems. Anupreeta More and collaborators combine
the measured time delays, line-of-sight central velocity dispersion of the deflector, and statistically
constrained external convergence with lens models to estimate two cosmological distances. The
7effective” time-delay distance corresponding to the redshifts of the deflector and the lensed quasar
and the angular diameter distance to the deflector, with covariance between the two distances, are
measured. From these constraints on the cosmological distances, the Hubble constant is inferred
to be Hy = 74.2 — 3.0 + 2.7kms~! Mpc~! assuming a flat LCDM cosmology. This measurement
gives the most precise constraint on Hy to date from a single lens, which is consistent with mea-
surements of Hy based on the local distance ladder, reinforcing the tension with the inference from
early universe probes, for example, with 2.20 discrepancy from the cosmic microwave background
measurement.

X-ray study of the double source plane gravitational lens system Eye of
Horus observed with XMM-Newton

A double source plane (DSP) system is a precious probe for the density profile of distant galaxies
and cosmological parameters. However, these measurements could be affected by the surrounding
environment of the lens galaxy. Thus, it is important to evaluate the cluster-scale mass for detailed
mass modelling. The Eye of Horus, a DSP system discovered by the Hyper Suprime-Cam Subaru
Strategic Survey (HSC-SSP), was followed up with XMM-Newton. Anupreeta More, Surhud
More and collaborators detected two X-ray extended emissions, originating from two clusters, one
centred at the Eye of Horus, and the other located ~100 arcsec north-east to the Eye of Horus.
The dynamical mass assuming hydrostatic equilibrium was determined, and their contributions
to the lens mass interior of the Einstein radius was evaluated. The contribution of the former
cluster is 1.1732 x 10" My, which is 21-76 per cent of the total mass within the Einstein radius.
The discrepancy is likely due to the complex gravitational structure along the line of sight. On
the other hand, the contribution of the latter cluster is only ~ 2 per cent on the Eye of Horus.
Therefore, the influence associated with this cluster can be ignored.

Discovery of an unusually compact lensed Lyman break galaxy from Hy-
per Suprime-Cam survey

HSC J0904-0102, a quadruply lensed Lyman-break galaxy (LBG) in the survey of gravitationally-
lensed objects in Hyper Suprime-Cam Imaging (SuGOHI) has been reported by Anupreeta More
and collaborators. Owing to its point-like appearance, the source was thought to be a lensed active
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galactic nucleus. Follow up spectroscopy suggested that the foreground galaxy is a typical early-
type galaxy at a high redshift of z = 0.957 with stellar velocity dispersion ¢ = 259456 km s~! and
the lensed source is identified as an LBG at z = 3.403, based on the sharp drop bluewards of Ly«
and other absorption features. A simple lens mass model for the system yields an Einstein radius
of Rgin = 1.23 arcsec and a total mass within the Einstein radius of Mg, = (5.550.24) x 101 Mg
corresponding to a velocity dispersion of ¢ = 283 4+ 3 km s~!, which is in good agreement with
the value derived spectroscopically. In comparison with other lensed LBGs and typical z ~ 4 LBG
populations, HSC J0904-0102 is unusually compact, an outlier at 20 confidence. Together with a
previously discovered SuGOHI lens, HSC J11524-0047, which is similarly compact, it is believed
that the HSC survey will extend the LBG studies down to smaller galaxy sizes.

Lensed quasar search via time variability with the HSC transient survey

A new lens search algorithm was developed by Anupreeta More and collaboratos for four-image
(quad) lensed quasars based on their time variability. A pipeline simulating multi-epoch images of
lensed quasars in cadenced surveys, accounting for quasar variabilities, quasar hosts, lens galaxies,
and the PSF variation is constructed. Applying the simulation pipeline to the Hyper-Suprime Cam
(HSC) transient survey, an ongoing cadenced survey, HSC-like difference images of the mock lensed
quasars are generated. Using the difference images of the mock lensed quasars and other variable
objects from the HSC transient survey, their algorithm picks out variable objects as lensed quasar
candidates based on their spatial extent in the difference images. The performance of their lens
search algorithm is tested on a sample combining the mock lensed quasars and variable objects from
the HSC transient survey. The lens search algorithm achieves a high true-positive rate (TPR) of
90.1% and a low false-positive rate (FPR) of 2.3% for the bright quads (the third brightest image
brightness mnira < 22.0 mag) with wide separation. With a pre-selection on the number of blobs
in the difference image, a TPR of 97.6% and a FPR of 2.6% was obtained for the bright quads
with wide separation. Even when difference images are only available in one single epoch, the lens
search algorithm could still detect the bright quads with wide separation at high TPR and low FPR.
Therefore, this algorithm is promising and could find new lensed quasars in ongoing and upcoming
cadenced surveys, such as the HSC transient survey and the Large Synoptic Survey Telescope.

Extragalactic Astronomy

Formation of disk galaxies around z ~ 2

Understanding the formation of disk galaxies like our Milky Way, Andromeda remains a challenging
issue today. It is only in the last few years that cosmological simulations have started producing
disk galaxies like ours, which can be followed up via zoom simulations to understand how disks grow
over time. However, a number of questions remain to be answered; for example, when did disks
start forming? What were the primary physical processes involved? At present, we lack adequate
observational evidences to answer any of these questions. Kanak Saha and collaborators show
some observational evidences on the epoch of disk formation based on Hubble Space Telescope
(HST/WFC3) imaging data. A key component of this work has been a careful decomposition of a
galaxy’s light distribution into bulge and disk components for a sample of galaxies with redshifts
ranging from z = 1.5—4.0. Such a decomposition provides us a categorised sample of pure spheroids
(or bulge/elliptical like galaxies), pure disks and disk+bulge (two-components) systems (Fig. 9
shows an example of pure disk and two-component disk galaxies at z = 2.81). They found that
two-component systems have increased from 46% at z > 2 to 70% at z < 2. Pure disks have
grown substantially - both in size and mass while pure spheroids didnt evolve much across this
redshift range. The same is true for the bulges residing in the two-component systems. They report
substantial activity for the disk formation and its growth at around this redshift. This project
has been in collaboration with Sonali Sachdeva, Rupjyoti Gogoi, Ajit Kembhavi and Somak
Raychaudhury.
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Narrowband Ha imaging of nearby Wolf-Rayet galaxies

The aim of this work is to explore the formation and evolution of Wolf-Rayet (WR) galaxies. The
WR galaxies are subset of HII galaxies. They are classified based on broad optical emission features
of Hell A\4686 and CIV A5808 lines, originated in the stellar winds from a substantial population of
WR stars. Thease features in WR galaxies are often seen after 2 — 5 Myr of intitial star formation
for a short duration (< 0.5 Myr), until WR population end their lives in supernovae. Therefore,
these galaxies are ideal systems to explore onset of star formation and its triggering mechanism.

Abhishek Paswan, Kanak Saha and Amitesh Omar studied using their own narrowband Ha
imaging observations along with other archival data from GALEX, SDSS, IRAS, FIRST and NVSS
surveys. Most of the galaxies show a morphological feature related to galaxy tidal interactions
and mergers process (e.g., see Fig. 10). Here it is found that these WR, galaxies have exprienced
tidal interactions and/or mergers with low-luminous dwarf galaxy or HI cloud that most likely
triggered the recent star formation in galaxies. These galaxies are further put in the main sequence
(MS) relation (a relation between stellar-mass and star formation rate). They followed a similar
MS relation as known for non-WR star-forming galaxies, suggesting that WR systems evolve in
a similar fashion as normal star-forming galaxies evolve. In case of WR galaxies, it is, however,
noticed that the scatter in the relation is comparitively higher than that of normal star-forming
galaxies. It is mainly due to merging/interacting nature of the WR systems.

Incoherent fast variability of X-ray obscurers: The case of NGC 3783

Variation in absorption of X-ray radiation emitted from the Active Galactic Nuclei (AGN) is a phe-
nomenon seen in the X-ray spectra of several active galaxies. Studying this phenomenon utilizing
the high X-ray spectra from X-ray instruments and the computer simulations allow us to estimate
the several physical properties of the variable ionized gas present in the vicinity of the super-massive
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Figure 10: Left: The broad r-band image, tracing the stellar continnum light in the galaxy. Right: The
stellar continuum subtracted Ha emission line image, tracing ionized gas or site of star-forming regions
in the galaxy. (Both the images towards the south-west direction show a tidal tail like feature related to
galaxy tidal interaction process)

black hole in AGN. Tek. P. Adhikari, and collaborators carried out a comparative analysis of
X-ray spectrum of NGC 3783 during unobscured and obscured states observations. The study of
spectral -timing properties of the X-ray obscurer in NGC 3783 enabled them to put independent
constraints on the density and location of the obscuring gas.

What shapes the absorption measure distribution in AGN outflows?

The absorption measure distribution (AMD) in the X-ray outflows of Seyfert active galactic nuclei
describes the distribution of absorbing column density as a function of ionization level of the gas.
The shape of this distribution provides the information regarding the distribution of ionized materi-
als in the environment of super-massive black hole. T. P. Adhikari and collaborators investigated
such distribution and tested a range of photoionization models against the overall shape of the AMD
as observed in Seyfert galaxies. In particular, they demonstrated that the shape of the distribution
of ionized material is determined by both the spectral energy distribution (SED) of radiation that
enters the material, and its density. The model that best follows the observed distribution of AMD
is one wherein the gas density of the absorbing outflow is of the order of 10'? cm ™3, irradiated by
an SED whose optical/UV power is 100 times higher than the X-ray power (see Fig. 11).

Galaxies

In order to understand the possible mechanisms of recurrent jet activity in radio galaxies and
quasars, Sumana Nandi, D.J. Saikia, Rupak Roy, Pratik Dabhade, et al. have identified such
sources with a large range of linear sizes (220 917 kpc), and hence time scales of episodic activity.
They have presented high-sensitivity 607-MHz Giant Metrewave Radio Telescope (GMRT) images
of 21 possible double-double radio galaxies (DDRGs) identified from the FIRST survey confirming
their episodic nature. A new DDRG has been identified with a candidate quasar. The estimated
age limits (11 52 Myr) are smaller than those of the large-sized (~ 1 Mpc) DDRGs.

The CHANG-ES galaxy sample consists of 35 nearby edge-on galaxies that have been observed
(65)
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Figure 11: The best fit model of absorbing material distribution (shown by black histogram) over plotted
with the points obtained from X-ray observations by Behar(2009) for six Syl galaxies. The best fit model
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using the VLA at 1.6 and 6.0 GHz. The third data release of the sample, namely, the B configuration
1.6 GHz sample and spectral index maps between 1.6 and 6.0 GHz with a matched resolution of ~ 3
arcsec have been presented. The authors examine the possible presence of low-luminosity active
galactic nuclei (AGNs) in the sample, as well as some in-disk structure. New features can be seen
in the spectral index maps that are masked in the total intensity emission, including hidden spiral
arms in NGC 3448 and two previously unknown radio lobes on either side of the nucleus of NGC
3628. The AGN detection rate, using only radio criteria, is ~55%.

D.J. Saikia and collaborators present results of HI absorption experiment done using the GMRT
towards 27 low- and intermediate-luminosity radio active galactic nuclei (AGNs), classified as either
low excitation radio galaxies (LERGs) or high excitation radio galaxies (HERGs) and with WISE
colour W2[4.6um]—W3[12um] > 2. They report HI absorption detection towards seven radio AGNs,
six of which are new. Combined with other sources from the literature, they show that compact
radio AGNs with WISE colour W2 — W3 > 2 have higher detection rates compared to those with
W2 —W3 < 2. HI absorption detection rate is shown to be higher for HERGs compared to LERGs,
mainly due to a larger fraction of HERGs being gas and dust rich with a younger stellar population
and thus with W2 — W3 > 2 compared to LERGs. The detection rates are similar for similar WISE
colours W2 —W3 > 2, implying detection of HI gas may not necessarily mean high excitation mode
AGN. From an analysis of the kinematics, they find that LERGs show a significantly wider range
in the shift of centroid velocities of the absorbing gas than HERGs possibly due to differences in
jet-interstellar medium interaction.

Gravitational Waves

Optimal optical search strategy for finding transient in large sky error
region under realistic constraints

Javed Rana, Shreya Anand, and Sukanta Bose developed this new method in multi-messenger
astronomy. In order to identify the rapidly-fading, optical transient counterparts of gravitational
wave (GW) sources, an efficient follow-up strategy is required. Since most ground-based optical
observatories aimed at following-up, GW sources have a telescope with a small field-of-view (FOV)
as compared to the GW sky error region, they focus on a search strategy that involves dividing the
GW patch into tiles of the same area as the telescope FOV to strategically image the entire patch.
They presented an improvement over the past optimal telescope-scheduling algorithms by combining
the tiling and galaxy-targeted search strategies, and factoring the effects of the source air-mass and
telescope slew, along with setting constraints, into the scheduling algorithm in order to increase
the chances of identifying the GW counterpart. Using the observatory site of the GROWTH-India
telescope as an example, they generated 100s of skymaps to test the performance of their algorithms.
Their results indicate that slew-optimization can reduce the cumulative slew angle in the observing
schedule by 100s of degrees, saving several minutes of observing time without the loss of tiles and
probability. Further, they demonstrated that as compared to the greedy algorithm, the airmass-
weighted algorithm could acquire up to 20% more probability and 30 sq. degree more in areal
coverage for skymaps of all sizes and configurations.

Regularised map-making of a stochastic gravitational wave background

Estimating a map of the SGWB sky from noisy data is a challenging problem. This is becoming
progressively relevant as the number of detectors are increasing and the existing ones are becoming
more and more sensitive, and a detection of the isotropic background map happen in a few years time.
Since the matrix that couples the true anisotropic sky to the data is ill conditioned, deconvolution
of the observed map becomes more reliable when known features about the expected signal is
incorporated in the process. S. Panda, Shweta Bhagawat, J. Suresh and Sanjit Mitra introduced a
widely used procedure to incorporate these “priors” through a Bayesian regularization scheme in this
context. They demonstrate that regularization significantly enhances the quality of reconstruction,
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(see Fig. 12), especially when the intensity of the source is weak, and it dramatically improves the
stability of deconvolution.

Effect of induced seismicity on advanced gravitational wave interferome-
ters

Advanced LIGO and the next generation of ground-based detectors aim to capture a large number
of binary coalescences through improving sensitivity and duty cycle. Earthquakes have always
been a limiting factor at lower frequencies, where neither the pendulum suspension nor the active
controls provide sufficient isolation to the test mass mirrors. Several control strategies have been
proposed to reduce the impact of teleseismic events by switching to a robust configuration with less
aggressive feedback. The continental United States has witnessed a huge increase in the number
of induced earthquake events primarily associated with hydraulic fracking-related waste water re-
injection. Effects from these differ from teleseismic earthquakes primarily because of their depth
which is in turn linked to their triggering mechanism. N. Mukund, B. O’Reilly, S. Somala and
Sanjit Mitra discuss the impact caused by these low magnitude regional earthquakes and explore
ways to minimize the impact of induced seismicity on the detector.

Hierarchical search for detecting gravitational waves from compact coa-
lescing binaries (CBC).

Standard searches are currently restricted to the parameter space which assumes aligned spins.
A larger parameter space allowing precession will entail far more number of templates escalating
the computational cost. Optimising the consequential increase in false alarms poses a serious
computational challenge. Bhushan Gadre, Sanjit Mitra and Sanjeev Dhurandhar propose here
a hierarchical strategy to search for CBCs for a network of detectors. The methodology is essentially
as follows: In the first step, a search with a coarse bank at low sampling rate is performed with a
relatively low threshold and then the candidate triggers are followed up with a fine search with the
requisite threshold. This method of search is more efficient. They demonstrate the computational
advantage of about 20 over the usual search in real data. This saving in the computational cost
will allow them to free up computational resources and time.

Optimal chi-square vetos for sine-Gaussian glitches

The traditional chi-square veto has been applied to the gravitational wave data with fair amount
of success. However, this test is ad hoc and is not guaranteed to be optimal. In this work, R.
Dhurkunde, P. Joshi, Sanjeev Dhurandhar and Sukanta Bose construct an optimal chi-square
test for glitches in the data, which can be modelled as sine-Gaussians, because such glitches are
ubiquitous in the data. The method for constructing any chi-square has been fully discussed in our
previous work on unified chi-squares (Sanjeev Dhurandhar, et al., 2017). The parameter space
of sine-Gaussians is adequately sampled and a vector space spanned by these sampled glitches is
obtained. However, this space is very large from the computational point of view. By applying
singular value decomposition techniques, it is possible to whittle down this space to a much lower
dimensional subspace which best approximates the glitches. This procedure eventually leads to the
required optimal chi-square for sine-Gaussian glitches.

Improving the anisotropic stochastic background search with a natural
set of basis functions

The anisotropic stochastic background is estimated using the radiometric search, in which one cross-
correlates the time series data from two detectors in short data segments, and then takes the noise
weighted sum to arrive at a statistic. However, this statistic results in point spread function, which
maps a point source to a diffused image. Therefore, the image obtained of any source is dirty
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Figure 12: Demonstration of regularised deconvolution for a fiducial injected map (a) The raw ‘dirty’ map
(b) is convolved with the antenna pattern functions of the detectors and needs to be deconvolved to estimate
the true sky. Maximum likelihood estimation with the standard conjugate gradient method, that performs
well in these situations, yields a noisy result. The Bayesian regularisation method, with a generic prior
to prefer a smoother, less fluctuating, solution in this case, produces a much better match between the
recovered and the injected map. The dirty map has poorer match with the source map for weak sources,
especially for point like ones, which is why it is not optimal to use it directly without deconvolution. [Phys.
Rev. D 100, 043541, arXiv:1905.08276 [gr-qc].]
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and needs to be cleaned up by deconvolution. The deconvolution procedure involves the inversion
of the beam matrix which is expressed in terms of basis functions. So far in the literature, two
bases have been used: (i) the pixel basis, and (ii) the spherical harmonic basis. In this project, P.
Upadhyaya, Sanjeev Dhurandhar and Shivraj Kandhasamy propose to explore a third basis
which is natural to the problem - namely, the point spread functions themselves. The point spread
functions are intersections of the sky sphere with cones determined by the baseline joining the
detectors. We expect this approach to lead to an efficient handling of the problem.

Time-delay interferometry for LISA (Laser Interferometric Space An-
tenna)

The review article written by M. Tinto and Sanjeev Dhurandhar dated earlier of 2014 has been
now updated after the discovery of gravitational waves. The update was necessary, because the
design of LISA has changed in recent years for various reasons such as technological advances. The
article now incorporates the changes from the current experimental design. On another front, more
insights on the mathematics have been added, for example, how this work relates to the famous
Hilbert’s syzygy theorem, etc. Our current experience with real data from ground-based detectors
has shown why it is important to adopt an approach in which the statistical constructs from the
data analysis are free from singularities. The algebraic-geometric approach described in the article
is inherently singularity free.

Cosmic Magnetic Fields

Characterising the dynamo in a radiatively inefficient accretion flow

The MRI driven dynamo in a radiatively inefficient accretion flow (RIAF) using the mean field dy-
namo paradigm was explored by Prasun Dhang, Abhijit Bendre, Prateek Sharma, Kandaswamy
Subramanian. Using singular value decomposition (SVD), the least squares fitting dynamo coef-
ficients o and ~ were obtained, by comparing the time series of the turbulent electromotive force
and the mean magnetic field. This study is the first one to show the poloidal distribution of these
dynamo coefficients in global accretion flow simulations. Surprisingly, a high value of the turbulent
pumping coefficient v was obtained, which transports the mean magnetic flux radially outward.
This would have implications for the launching of magnetised jets which are produced efficiently
in presence a large-scale poloidal magnetic field close to the compact object. A scenario of a trun-
cated disc beyond the RIAF, where a large scale dynamo-generated poloidal magnetic field can
aid jet-launching close to the black hole was explored. Magnitude of all the calculated coefficients
decreases with radius. Meridional variations of agg, responsible for toroidal to poloidal field con-
version, is very similar to that found in shearing box simulations using the ‘test field’ (TF) method.
By estimating the relative importance of a-effect and shear, it was concluded that the MRI driven
large-scale dynamo, which operates at high latitudes beyond a disc scale height, is essentially of the
a — € type.

Generation of large scale magnetic fields due to helicity and shear

Coherent large-scale magnetic fields and mean differential rotation are two common features of most
astrophysical objects, such as the Sun, stars, galaxies, etc. Magnetic fields in these systems are
maintained by turbulent dynamo action, where the standard paradigm for large-scale component
involves amplification of weak seed fields due to helical turbulence in shear flows. The alpha-effect,
which in idealized settings, is a measure of net kinetic helicity and arises naturally in systems with
rotation and stratification, plays a crucial role in driving large-scale dynamos in a variety of systems.

In a recent work, Nishant Singh, together with Naveen Jingade, studied the mean field dynamo
action in a background linear shear flow by employing pulsed renewing flows with fixed kinetic
helicity and non-zero correlation time. They used plane shearing waves in terms of time-dependent
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exact solutions to the Navier-Stokes equation as derived by Singh and Sridhar (2017), and deter-
mined the average response tensor governing the evolution of mean magnetic field. The growth
rate and cycle period of the growing dynamo wave revealed new scaling relations with the shear
rate. These have implications for magnetic activity cycles of stars in recent observations. Their
study essentially generalizes the standard alpha-omega dynamo as also the alpha-effect is affected
by shear and the modelled random flow has a finite memory.

The shear dynamo problem with a magnetic background

In recent years, the possibility of large-scale dynamo action through the shear-current effect in flows
where more conventional dynamo effects, such as the alpha-effect arising through stratification and
rotation, cannot operate, has gained a lot of interest. Latest work of Nishant Singh and his
collaborators involved a study of shear-current effect in the presence of magnetized burgulence. The
main purpose of this work was to check if recently claimed magnetic shear current effect could lead
to dynamo growth. By measuring the turbulent transport coeflicients, importantly the diffusivity
tensor, using the non-linear test-field method, they found that the magnetic shear current effect
is not operative in most cases which show a dynamo instability. Further analysis revealed that
the main driver of the dynamo in those cases is the so-called incoherent-alpha shear mechanism in
which alpha-coefficients are allowed to fluctuate about a zero mean.

High Energy Astrophysics

Polarisation measurements

Polarisation measurements of the prompt emission of 11 bright Gamma Ray Bursts detected during
the first year of AstroSat operations have been presented by Dipankar Bhattacharya, Vidushi
Sharma and collaborators. There were six detections and five upper limits, indicating a wide range
in the degree of polarisation of the emission integrated over the burst. It appears likely that temporal
averaging reduces the measurable polarisation in a significant number of GRBs. Time resolved
analysis of one of the brightest events, GRB160821A, carried out by Sharma, Bhattacharya,
Shabnam Iyyani and collaborators, revealed near-orthogonal transition of polarisation angle twice
through the burst, accompanied by a change in spectrum. The observed behaviour indicates the
presence of strongly ordered magnetic field in the emitting material.

AstroSat observation of an accreting black hole

Detailed AstroSat observations of an accreting black hole binary MAXI J1535-571 led to the dis-
covery of a very strong correlation between the spectral slope and the frequency of quasi-periodic
oscillation in the intensity of the X-ray radiation. This poses significant constraints on the ori-
gin of the observed X-ray emission, and suggests that a Comptonising region controls both the
emergent spectrum and the intensity variations. This observation has been done by Yash Bhar-
gava, Dipankar Bhattacharya, Ranjeev Misra and collaborators. AstroSat observations of
another well-known black hole X-ray binary GRS 19154105 by Bhattacharya and collaborators
have showed, for the first time, a variation in the frequency of the ~70 Hz quasi-periodic oscillation
of its X-ray luminosity being correlated with the spectral state of the source

Sustained timing observations of eight radio pulsars with the Ooty Radio Telescope and the Giant
Metrewave Radio Telescope by A. Basu, Dipankar Bhattacharya and collaborators revealed 11
incidents of sudden change in the spin frequency of these pulsars, called glitches. Three of these
glitch events were new discoveries, the remaining being reported also from other observatories
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Figure 13: Variation of QPO frequency divided by the accretion rate with inner disk radii. The lines

represent the predictions by the relativistic standard accretion disk model for dimensionless spin parameter
a = 0.973 (best fit) and for comparison, a = 0.91 and 0.99.

AstroSat observations

AstroSat observed the galactic micro-quasar system GRS 19154105 when the system exhibited C-
type Quasi-periodic Oscillations (QPOs) in the frequency range of 2-6 Hz. For these observations,
Ranjeev Misra, D. Rawat, J.S. Yadav and P. Jain showed that the broad band spectra (1-50 keV)
obtained from simultaneous LAXPC and SXT, can be well described by a dominant relativistic
truncated accretion disk along with thermal Comptonization and reflection. They found that while
the QPO frequency depended on the inner radii with a large scatter, a much tighter correlation
has been obtained when both the inner radii and accretion rate of the disk was taken into account
(See Fig. (13). In fact, the frequency varies just as the dynamic frequency (i.e., the inverse of the
sound crossing time) as predicted decades ago by the relativistic standard accretion disk theory for
a black hole with spin parameter, a ~ 0.9. Thus, a general relativistic prediction has been tested
using X-ray data analysis. This identification has been possible due to the simultaneous broad band
spectral coverage with temporal information as obtained from AstroSat.

Comparative study of a sample of narrow-line and broad-line Seyfert 1

Vineet Ojha, Hum Chand, Gulab C. Dewangan and Suvendu Rakshit performed a detailed com-
parative systematic study of a sample of 221 narrow-line Seyfert 1 (NLSy1) galaxies in comparison
to a redshift-matched sample of 154 Broad-line Seyfert 1 (BLSyl) galaxies based on ROSAT and
XMM-Newton telescopes. Based on their homogeneous analysis, they investigated correlations be-
tween the soft X-ray spectral shape, Eddington ratios, bolometric luminosity, black hole masses,
and the widths of the broad component of optical Hbeta line. They found clear evidence for the
difference in the distributions of soft X-ray spectral shape and Eddington ratio among NLSy1 and
BLSy1 galaxies, with steeper soft X-ray spectrum and higher Eddington ratio for the former. Such
a difference also exists in the hard X-ray spectral index distribution. These results suggests that
the higher Eddington ratio in NLSy1 is responsible for the steeper X-ray spectral slope compared
to the BLSy1, consistent with the disc-corona model as proposed for the luminous AGNs.

Detection of a type C quasi-periodic oscillation

Swadesh Chand, Vivek Agrawal, Gulab C. Dewangan and P. Thakur reported the detection
of a type C quasi-periodic oscillation (QPO) along with an upper harmonic in two observations
of the low-mass black hole transient H 1743-322 jointly observed by XMM-Newton and NuSTAR
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during the 2016 outburst. They found that the QPO and the upper harmonic exhibit shifts in
their centroid frequencies in the second observation with respect to the first one. The hardness
intensity diagram implies that in contrast to the 2008 and 2014 failed outbursts, the 2016 outburst
was a successful one. They also detect the presence of a broad iron K alpha line near 6.5 keV
and a reflection hump in the energy range 15-30 keV. Along with the shape of the power density
spectra, the nature of the characteristic frequencies and the fractional rms amplitude of the timing
features imply that the source stayed in the low/hard state during these observations. Moreover,
the photon index and other spectral parameters also indicate the low/hard state behaviour of the
source. Unlike the soft lag detected in this source during the 2008 and 2014 failed outbursts, the
2016 outburst showed hard time lags of 0.40 £ 0.15s and 0.32 + 0.07s in the 0.07-0.4 Hz frequency
range. The high Comptonized fraction and the weak thermal component indicate that the QPO is
being modulated by the Comptonization process.

Strong Xray excess in gamma-ray blazar OJ 287

Main Pal, Pankaj Kushwaha, Gulab C. Dewangan and Pramod Pawar reported a strong
soft X-ray excess in the gamma-ray blazar OJ 287 during long exposure in 2015 May, among two
of the latest XMM-Newton observations performed in 2015 and 2018 May. In the case of the
2015 May observation, a log parabola model is found to fit the EPIC-pn data well, while a log
parabola plus a power law describes the overall simultaneous optical to X-ray spectra, suggesting
the excess as the synchrotron tail. This interpretation, however, is inconsistent with the observed
spectral break between near-infrared (NIR) and optical spectra, attributed to a standard disk
around a supermassive black hole (SMBH). Based on this, they considered two commonly invoked
accretion-disk-based models in active galactic nuclei (AGNs) to explain the soft excess: the cool
Comptonization component in the accretion disk and the blurred reflection from the partially ionized
accretion disk. They found that both cool Comptonization and blurred reflection models provide
an equally good fit to the data, and favour a super-heavy SMBH of mass ~ 10'°M. Further
investigation of about a month-long simultaneous X-ray and ultraviolet (UV) pointing observations
revealed a delayed UV emission with respect to the 1.5 10 keV band, favouring X-ray reprocessing
phenomenon as the dominant mechanism. The results suggest that the soft excess is probably
caused by strong light bending close to the SMBH. The detected soft excess in the 2015 data and
its disappearance in the 2018 data is also consistent with the presence of accretion-disk emission,
inferred from the NIR-optical spectral break between 2013 May and 2016 March.

Disruption of massive star

Rupak Roy has been studying mainly the disruption of massive stars at the end of their life-
time, known as Core-collapse Supernovae (CCSNe), disruption of stars through tidal forces of the
Supermassive Black Holes (SMBHs) at the centers of the galaxies, known as Tidal Disruption Events
(TDEs), and disruption of extremely massive stars, known as Superluminous Supernovae (SLSNe),
observational aspects of extremely energetic outflows from AGNs, Radio Galaxies, etc.

The CCSNe events produce a compact remnant (neutron star or stellar-mass black Hole) due
to the collapse of the stellar-core, and its outer material is ejected in the space. Since in the
universe, except Hydrogen, almost all other elements are produced at the centers of the stars, and
get ejected through stellar-eruptions or supernovae, and produce second-generation stars, study of
the supernovae are extremely important to understand this feedback process. This is also important
to study the shock physics of the extreme catastrophes and to know the nature of their progenitors.
Recently, astronomers have also discovered stellar-disruptions, which are 10-100 times luminous
than canonical CCSNe. These are called Superluminous Supernovae (SLSNe), physics of which is
still unknown.

TDEs are the disruptions of stars by the supermassive black holes (SMBHs, mass ~ 108 M) at
the centers of the galaxies. These extremely energetic phenomena (liberated energy ~ 10°0 ergs)
exist for several months in the sky and observable mainly in X-ray, UV, and Optical wavebands.
These are also efficient probes to study the SMBHs in the inactive galaxies. They study these
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energetic transients by observing them in optical, UV, X-ray, and radio wavebands using ground
and space-based telescopes to study their properties, and also uGMRT to perform low-luminous
radio observations of jetted TDEs. Recently, they have also detected Bowen Fluorescence effect in
TDE.

Modelling the energy dependent temporal behaviour of transient black
hole binaries using AstroSat

Accreting black hole X-ray binaries (BHXBs) in outburst exhibit random short-term variability in
their flux, which may arise due to the perturbations occurring at different radii of the accretion
disk propagating inwards. These perturbations cause variations to mass accretion rate at the
inner regions of accretion disk on different time-scales. The X-ray variability in BHXBs are well
represented by their power density spectra (PDS), which exhibit systematic changes throughout the
course of an outburst with remarkable similarities among themselves, thereby suggesting a common
under lying physical phenomenon. The PDS of most BHXBs are characterized by broadband
continuum noise like features and sometimes narrow peak features called quasi-periodic oscillations
(QPOs). The exact mechanism of origin of QPOs is still an open question, but the origin of
broadband noise could be due to the inward propagation and coupling of perturbations occurring
throughout the accretion disk resulting in flux variations. This scenario best explains the observed
linearity of the rms-flux relationship in galactic black holes, and other type of X-ray sources shows
that the rms-flux relationship of broadband noise is an universal feature of all accreting BHXBs,
independent of their spectral state. Sneha Prakash, Bari Maqgbool Bhat, Ranjeev Misra and
others presented the results of the first broadband simultaneous spectral and temporal studies of this
newly detected black hole binary MAXI J1820+070 as seen by SXT and LAXPC on-board AstroSat.
MAXT J1820+070, brightest X-ray source till date, was first detected in the optical on 6th March
2018, by the ASSAS-SN project and later in X-rays on 11th March 2018, by MAXI. Subsequent
multi-wavelength observations of the source categorized it as a galactic black hole transient. The
soft lags between the energy bands 0.11 keV and 110 keV was seen for the first time in a BHXB. The
combined spectra from NuSTAR and SWIFT/XRT revealed the presence of a dominant thermal
Comptonization and weak disk emission along with relativistic reflection fraction. Moreover, the
spectral studies estimated the source inclination angle to be ~30° and the inner disk radius to be
~ 4.2 times the radius of the innermost stable circular orbit. The observed combined spectra in the
energy range 0.7-80 keV were well modelled using disk blackbody emission, thermal Comptonization,
and a reflection component. The spectral analysis revealed that the source was in its hard spectral
state (I' = 1.61) with a cool disk (kT;,= 0.22 keV). They reported the energy dependent time-lag
and root mean squared (rms) variability at different frequencies in the energy range 3-80 keV using
LAXPC data.

They also modelled the flux variability using a single zone stochastic propagation model to quan-
tify the observed energy dependence of time-lag and fractional rms variability and then compared
the results with that of Cygnus X-1. Additionally, They also confirmed the detection of a QPO
with the centroid frequency at 47.7 mHz. (See Fig. 14).

Relativistic reflection fraction and photon index in AGN

The primary X-ray emission from Active Galactic Nuclei (AGN) is believed to be produced by
the Comptonisation of the optical/UV photons from the accretion disc by the hot electrons in the
corona. This primary power-law continuum irradiates the accretion disc and the circumnuclear
material producing reflection features in the X-ray spectrum. Thus, the observed X-ray spectrum
of AGN is a combination of the reflection spectrum and the primary power law. Since the reflection
features are dependent on the structure, temperature, chemical composition and ionisation state of
the gas, the reflection spectrum in AGN can give direct information about the physical conditions
in the reflecting medium. Also, the area of the reflector and the location of the X-ray emitting
region can affect the amount of reflection. Furthermore, the reflection features arising from the
inner regions of the disc could be significantly modified by the relativistic effects near the black
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Figure 14: Comparative PDS of MAXI J1820+070 (Black colour) and Cygnus X-1 January (Green colour)
and June (Red colour) 2016 in the 380 keV energy band. PDS of the source is fitted with five Lorentzian
components of which the two narrow peaks represent a QPO at 47.7 mHz and a weak oscillation at 109.4
mHz respectively. PDS of Cygnus X-1 is fitted with 2 and 3 Lorentzian components for January and
June respectively (Left Panel). The right panel shows the time-lag as a function of energy at 1 Hz for
MAXT J1820+070. The time-lags are increasing with the increase in energy and have been fitted using the
fluctuation propagation model.

hole. Hence, a study on the relativistic reflection fraction Ry, defined as the ratio of the coronal
intensity that illuminates the accretion disc to the coronal intensity observed directly, can provide
important information regarding the geometry of the accretion disc and the corona.

Here, Savithri Ezhikode, Gulab C. Dewangan, Ranjeev Misra, and Ninan Sajeeth Philip
investigate the relationship between the relativistic reflection fraction R and the hard X-ray photon
index I' of a NuSTAR sample of Seyfert 1 galaxies. The X-ray spectra are modelled using RELXILL
code which helps to directly obtain the reflection fraction of a relativistically smeared reflection
component. The parameter Ry depends on the amount of Comptonised X-ray emission intercepted
by the inner accretion disc. The parameter is found to range from ~0.12(0.13) to ~3.75(4.85) for
different spin parameters (a = 0(0.998)). They found a strong positive correlation between I' and
Ry in our sample (See Fig. 15). As the slope of the X-ray power law is related to the rate of cooling
of the plasma, steeper X-ray spectra indicate stronger cooling by the seed photons. The larger the
area covered by the accretion disc as seen from the corona, the higher will be the seed photons
entering the corona resulting in the steepening of the X-ray spectrum. Since the same accretion
disc is responsible for the reflected emission, the larger area covered by the medium consequently
enhances the reflection fraction. Thus, the observed Ry —I' correlation is most likely related to the
variations in the disc-corona geometry of AGN.

Spectral and timing properties of the galactic X-ray transient Swift
J1658.2-4242 using AstroSat observations

Black hole transients spend most of their lives in quiescence and are primarily discovered when
they enter into outbursts characterized by abrupt changes in their X-ray luminosity by several
orders of magnitudes. Swift J1658.2-4242 is a new Galactic X-ray transient source discovered by
the BAT instrument onboard Swift on 2018 February 16 and extensively studied using different
instruments in optical, radio and X-ray wavelength. Vadakkumthani Jithesh, Bari Magbool
Bhat and Ranjeev Misra studied the detailed X-ray timing and spectral analysis of Swift J1658.2—
4242 using the LAXPC and SXT instruments onboard AstroSat. They detected prominent C-type
quasi-periodic oscillations (QPOs) of frequencies varying from ~ 1.5 Hz to ~ 6.6 Hz along with
distinct 2nd harmonics and sub-harmonics. The QPO detected at ~ 1.56 Hz drifts to a higher
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Figure 15: Relationship between Ry and I' (for spin 0) for the NuSTAR sample Seyfert 1 galaxies.

centroid frequency of ~ 1.74 in the course of the observation, while the QPO detected at ~ 6.6 Hz
disappeared during hard flarings. The fractional rms at the QPO and the sub-harmonic frequencies
increases with photon energy, while at the 2nd harmonic frequencies, the rms seems to be constant.
In addition, a soft time lag at QPO and sub-harmonic frequencies is observed up to a time scale
of ~ 35 ms (see Fig. 16), however, at the 2nd harmonic frequencies, there is weak/zero time lag.
The broadband X-ray spectral modelling in the 0.7-25 keV band using the doubly absorbed disk
plus thermal Comptonization model identified the source to be in the hard intermediate state of
black hole X-ray binaries. Using a single zone fluctuation propagation model, they quantified the
frequency-dependent fractional rms and time lag. The energy-dependent temporal behaviour can
be explained by the variation of the temperature of the corona and the disk with a time lag between
them.

Broadband X-ray spectral study of ultra-luminous X-ray source M81 X—6

Ultraluminous X-ray sources (ULXs) are a class of extragalactic, compact, non-nuclear X-ray
sources with X-ray luminosities in the range of 103° — 10 erg s~!. Vadakkumthani Jithesh, C.
Anjana and Ranjeev Misra investigated the temporal and broadband X-ray spectral properties
of the ULX M81 X—6 using simultaneous Suzaku and NuSTAR observations. To understand the
nature of the source, they first searched for pulsating signals from the source using the NuSTAR
observation. However, the temporal analysis did not identify any strong pulsating signals from
the source. Alternatively, the broadband spectral modelling with accreting magnetic neutron star
continuum model provides a statistically acceptable fit for the broadband X-ray spectrum, and the
inferred spectral parameters and X-ray colours are consistent with other pulsating ULXs. Thus,
the spectral analysis suggests that M81 X—6 is another candidate ULX pulsar.

A compact X-ray emitting binary and 4FGL J0935.3+0901

4FGL J0935.3+0901 is a ~-ray source detected by the Large Area Telescope (LAT) onboard the
Fermi Gamma-Ray Space Telescope. Vadakkumthani Jithesh and collaborators have conducted
detailed analysis of the LAT data for this source and multi-wavelength studies of the source field.
Its y-ray emission can be described with a power law (I" = 2.0 & 0.2) with an exponential cutoff
(E. = 2.9+ 1.6 GeV), while the flux shows significant long-term variations. From analysis of
archival Neil Gehrels Swift X-ray Telescope data, they find only one X-ray source in the LAT’s 20
error region. Within a 3.7 arcsec radius error circle of the X-ray source, there is only one optical
object down to 7’ ~23 mag. Time-resolved photometry of the optical object indicates a likely 2.5 hr
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Figure 16: Fractional rms (left) and time lag (right) as a function of photon energy from the low intensity
level data of AstroSat observation conducted during March 3 - 4, 2018. The red filled circle and black open
triangle represent the QPO frequency at ~ 6.60 Hz and the sub-harmonic at ~ 3.17 Hz, respectively. The
red solid line and black dotted line represent the model fit derived from the fluctuation propagation model
for the QPO and the sub-harmonic, respectively.

periodic modulation, while its spectrum shows double-peaked hydrogen and helium emission lines
(similar to those seen in accretion discs in low-mass X-ray binaries). These properties suggest that
4FGL J0935.340901 is a compact X-ray emitting binary belongs to the millisecond pulsar (MSP)
class. Detailed optical spectroscopic analysis indicates that this binary could be a transitional
MSP system at a sub-luminous disc state, although the other possibility, the binary in a rotation-
powered state showing the optical emission lines due to intrabinary interaction processes, can not
be excluded.

Puzzling blue dips in the black hole candidate Swift J1357.2-0933, from
ULTRACAM, SALT, ATCA, Swift, and NuSTAR

A few years ago, a low-mass black hole in our galaxy was discovered to show strange dips in its
optical light. Not corresponding to any stars or planet orbiting it, and appearing to be fairly regular
for such a normally chaotic system, these dips meant that the system itself presented something of
an enigma. Called Swift J1357.2-0933 (or J1357), this has led it to being a subject of much study,
to try and discover the underlying processes.

By observing in optical light (ULTRACAM/NTT, Chile; and SALT, South Africa), X-rays (Swift
and NuSTAR, Low Earth Orbit) and radio (ATCA), John A. Paice, Poshak Gandhi, Ranjeev
Misra and collaborators found that the dips were not only present once again - four years after their
discovery - but J1357 was found to be much bluer during them than outside of them. Additionally,
superimposing many of the dips together, it was also confirmed that there is no dip in the X-rays at
the same time as that in the optical (see Fig. 17). When also considering behaviour of each band
with respect to one another, it was postulated that the black hole could (amongst other features)
host a recessed disc, as well as a red-coloured jet base that is sporadically occulted by outer material.
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Figure 17: The top panel shows the superposition of twelve dips in the optical, in three bands - r (red), g
(green) and u (blue). Note that how the blue light dips much less than the red. Also on average, the dips
have a V-shaped profile, reminiscent of partially-eclipsing systems. The bottom panel shows the average
X-ray response - the dashed horizontal lines show the 5-95% significance lines. Further, how the lightcurve
rarely strays out of this region across the optical dip, confirming a lack of X-ray response.

A black hole X-ray binary at ~ 100 Hz: Multiwavelength timing of M AXI
J18204-070 with HIPERCAM and NICER

In 2018, a new black hole was discovered in our galaxy, briefly flaring to become the brightest X-ray
source in the sky after the Sun. Capitalising on the opportunity, John A. Paice, Poshak Gandhi,
Ranjeev Misra and collaborators studied the source (known as MAXI J1820+4070, or J1820) in
both optical (HIPERCAM/GTC, La Palma) and X-ray (NICER, ISS) light at over 300 frames per
second. What they saw was a complex source that emitted red-coloured flares over a broad range
of timescales, down to 10ms long. By looking at how the two wavelengths related to each other,
it was found that while the two bands were mostly anti-correlated (a rise in X-rays would lead to
a decline in optical), there was also a correlated optical lag at roughly 170ms (so an X-ray flare
would lead to an optical flare after that delay).

Such behaviour, it is being found, is fairly normal for black holes - but close analysis of the optical
lag found it differ, increasing with wavelength; so, following an X-ray flare, blue light would flare
before green, and both would flare before red, at a time difference just visible to the telescope (see
Fig. 18). Such a result has never been seen before; the authors have postulated that it could be
the result of waves of plasma colliding within a jet, with higher-energy blue and green light being
emitted closer to the black hole itself, before the lower-energy red light is emitted further away.
If so, this could be the next step in understanding jet physics, and the phenomena around these
enigmatic and violent sources.

Determination of log-normal flux distributions for astrophysical systems

Determining whether the flux distribution of an astrophysical source is a Gaussian or a log-normal,
provides key insight into the nature of its variability. For example, the light curve produced by an
additive sequence of many independent emission components results in a normal distribution of flux.
However, if the underlying physical process produces random emission components in a multiplica-
tive sequence, then resulting time series distribution would be log-normal. Zahir Shah, Ranjeev
Misra and Atreyee Sinha carried extensive simulations of lightcurves with different lengths, vari-
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Figure 18: The left panel shows the optical (top) and X-ray (bottom) lightcurves, with intense flaring seen
in every band, with optical activity stronger at longer, red wavelengths. The inset shows a zoom-in of a
single second (~300 frames), where an optical flare follows one in X-rays by ~ 170ms. The right panel
shows the correlation function between the optical bands and X-rays - here, a broad anti-correlation at ~
second timescales, as well as the optical delay of ~170ms can be seen - this latter feature is apparently
common in black hole binaries, and could relate to a jet.

ability, Gaussian measurement errors and power spectrum index 3 (i.e., P(f) oc f~%), and provided
guidelines for reliable use of skewness and Anderson-Darling (AD) tests. They provided empirical
fits to the standard deviations of the skewness and tabulated critical values for the AD test for § =
0.5 and 1.0, which differ from the values given in literature for white noise. The skewness standard
deviation and critical values can be used to determine significance by which the tests reject that
the distribution is normal. More importantly, they have addressed a conceptually paradoxical issue
regarding non-Gaussian flux distributions. While Gaussian distributions remain Gaussian on addi-
tion (binning), this in general is not true for other distributions such as a log-normal one. Thus, it
is not clear why several astrophysical systems display log-normal distributions when the lightcurves
they are estimated from, are always binned to some time-bin? They resolve this issue by showing
that if the power spectra of the lightcurves can be described by a power law with index 8 = 0.5,
then the nature of the distribution is invariant to binning. Thus, for a system to be scale free
in time and have a log-normal flux distribution its power spectra must be steeper than 0.5. This
insight may have important consequences for the model development and understanding of systems
with log-normal distributions.

Study of long-term flux and photon index distributions of blazars using
RXTE observations

Blazars are an extreme class of active galactic nuclei (AGN) with powerful relativistic jets of plasma
pointing close to the line of sight of the observer. Rukaiya Khatoon, Zahir Shah, Ranjeev Misra
and Rupjyoti Gogoi carried a detailed study of flux and index distributions of three blazars [one
flat-spectrum radio quasar (FSRQ), and two BL Lacertae objects (BL Lacs)] by using 16 years of
Rossi X-ray Timing Explorer (RXTE) archival data. The blazars were selected such that their flux
and index distributions have sufficient number of data points (> 90) with relatively less uncertainty
(02../0% < 0.2). Using the AD test and histogram fitting, they showed that flux distribution of
FSRQ 3C 273 is lognormal, while its photon index distribution is Gaussian. They interpreted
the result interms of linear Gaussian perturbation in the particle acceleration time-scale, which
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produces lognormal distribution in flux. However, for two BL Lacs, viz., Mrk 501 and Mrk 421,
AD test shows that their flux distributions are neither Gaussian nor lognormal, and their index
distributions are non-Gaussian. The histogram fitting of Mrk 501 and Mrk 421 suggests that
their flux distributions are more likely to be a bimodal, and their index distributions are double
Gaussian. Since, Gaussian distribution of index produces a lognormal distribution in flux, double
Gaussian distribution of index in Mrk 501 and Mrk 421 indicates that their flux distributions are
probably double lognormal. Observation of double lognormal flux distribution with double Gaussian
distribution in index reaffirms two flux states hypothesis. Further, the difference observed in the
flux distribution of FSRQ (3C 273) and BL Lacs (Mrk 501 and Mrk 421) at X-rays suggests that
the low-energy emitting electrons have a single lognormal flux distribution, while the high-energy
ones have a double lognormal flux distribution.

The long-term X-ray flux distibution of Cygnus X-1 using RXTE-ASM
and MAXI observations

Cygnus X-1 is one of the brightest galactic black hole binary systems in the sky. Generally, the X-
ray emission of Cygnus X-1 falls into one of the two distinct states, viz. “low-Hard” and “high-Soft”.
Kabita Deka, Zahir Shah, Ranjeev Misra and Gazi Ameen Ahmed carried a detailed X-ray flux
distribution study of Cygnus X-1 using the RXTE-ASM and MAXI long-term B and C band light
curves. They characterized the X-ray flux distribution of Cygnus X-1 by constructing the normalized
histograms of B-band and C-band light curves such that each bin in the histogram has equal number
of flux points. Since the long-term X-ray emission of Cygnus X-1 is predominantly in Hard-state
and Soft-state, they fitted the flux histograms of B and C bands simultaneously with the double
probability density function (PDF). The reduced-y? obtained from different double PDF shows
that the lognormal+Gaussian PDF provides a better fit to the RXTE B and C band histograms,
while double-lognormal PDF results in better fit to the MAXI B and C-band histograms. Also,
histogram fitting shows that the Hard-state flux distribution in both RXTE and MAXI observations
is lognormal, while the Soft-state has the Gaussian distribution in case of RXTE observation and
lognormal distribution for the MAXI observation. Moreover, they also checked the tri-model fit
of the histograms, as Cygnus X-1 sometimes is also found in the intermediate state. However,
the fitting did not improve upon using three component PDF, suggesting that the intermediatory
spectral class may not correspond to a distinct component of the flux distribution. Moreover, the
histogram fitting together with spectral state definition of Grinberg V., et al., 2013, suggests that
the intermediate state is not a separate state, rather it is a extreme extension of Soft-sate.

Stars, Interstellar Medium and Planetary Studies

Unveiling Vela variability of interstellar lines in the direction of the Vela
supernova remnant

High-resolution optical spectra were obtained by Ranjan Gupta, during the period 2017-2019
using the Southern African Large Telescope (SALT) for 15 stars in the direction (lines of sight) of
the Vela supernova remnant. These observations are on the interstellar Call H and K and Nal D
lines, and are discussed in details in our recent publication (Rao, et al., MNRAS, 493 497, 2020). In
particular, the line profiles are compared with profiles at a comparable spectral resolution obtained
in the period 1993 - 1996 by Cha and Sembach (2000). Ten of the sight-lines show changes to one
or more of the components in those respective line of sights. Changes include small (1-2 kms™!) in
radial velocity and/or increases/decreases in the equivalent widths over the two decades between
the periods of observation. Changes are more obvious in the Ca K lines than in the NaD lines and
are attributed to gas disturbed by interactions between the supernova ejecta and the surrounding
interstellar medium. A representative time-scale may be 20-50 years. Small-scale variations in
line profiles across the face of the remnant suggest, as previously remarked, that a linear scale for
interactions is a small fraction of the 40 pc size of the present remnant. Figs. 19 and 20 are samples
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Figure 19: (Left): The profile of the Call K line in HD 74194 obtained during 1993 (black line) by Cha
and Sembach is superposed on the profile obtained on 2019 May 17 with the SALT (blue line). (Right):
Profile of Nal D2 line in HD 74194 obtained in 1996 by Cha and Sembach (black line) shown superposed
on the profile of Nal D2 line observed on 2019 May 17 with the SALT (red line). The red arrows indicate
the changes to the components between Cha and Sembachs and SALT observations

of line profile changes which are seen along the sight-lines of HD74194 and HD72350.

Compact stars and the nuclear equation of state

Neutron stars are among the densest objects in the Universe. Under the extreme densities present
in their core, strangeness-carrying particles (such as hyperons, kaons or deconfined quark matter)
could appear. The presence of such “exotic” matter could influence neutron star phenomena, and
their understanding is crucial for the correct interpretation of astrophysical observables. Multi-
messenger observations (gravitational wave, multi-wavelength electromagnetic) from mergers of
neutron stars provide us with information rich in physics under such extreme conditions. The
stability of the merger remnant depends crucially on the underlying nuclear equation of state (EoS)
and thus, provides a method to probe the nature of dense matter. Since the detection of GWs
from the NS binary merger event GW170817, the fate of the binary remnant remains a mystery.
As no evidence of a remnant has yet been found from post-merger searches by the LIGO-VIRGO
collaboration, one may study different possibilities theoretically. One likely outcome of the merger
is a metastable differentially rotating hot hypermassive neutron star. As the stability (dynamical
and secular) and time of subsequent collapse of the remnant depend on its interior composition, it
opens the possibility to constrain the dense matter EoS from its stability analysis.

In a recent publication, Debarati Chatterjee and her collaborators Sarmistha Banik and Kr-
ishna Prakash Nunna, searched for possible signatures of strangeness in the neutron star interior
on the secular stability of the merger remnant. They calculated the onset of secular instability for
different realistic (phenomenological) EoSs with and without strangeness using the Turning Point
criterion, and investigated the maximum mass that may be supported by differential rotation and
thermal effects. They found that inclusion of thermal effects reduced the maximum mass of the
differentially rotating configurations. This is interesting as the hypermassive remnant is conjectured
to be hot, and hence, thermal effects cannot be neglected. This was the first realistic study of the
secular stability of neutron star merger remnants that used consistent hot and cold EoSs of dense
matter. Using realistic EoSs including hyperonic and kaonic degrees of freedom, they also found
that the maximum supported mass obtained depends both on the EoS and the degree of differential
rotation.

They further investigated the effect of strangeness on the collapse time of the merger remnant.
They considered the scenario in which the hypermassive NS merger remnant rapidly loses angular

(81)
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Figure 20: (Left): The profiles of Call in HD 72350 obtained during 1996 (black line) by Cha and Sembach
are superposed with the profile obtained on 2018 February 3 with the SALT (blue line). (Right): Profile
of Nal D2 in HD 72350 obtained by Cha and Sembach (black line) is shown superposed on the profile of
Nal D2 observed on 2018 February 3 with the SALT (red line). Note the strengthening of the 439 kms™*
component in both Call and Nal

momentum due to loss of energy by GW emission and collapses to a black hole before the Alfven
timescale, i.e., before the differential rotation is damped by magnetic dissipation. This scenario is
currently favoured by the combined multi-messenger astrophysical observations. They estimated
the collapse time and threshold mass for prompt collapse for the EoSs with and without strangeness,
using recently proposed fit formulas obtained using observations of short gamma ray bursts and
hydrodynamical simulations.

Solar Astrophysics

Doppler shift and its centre-to-limb variation in active regions in the tran-
sition region

This work is based on combined observations of the Interface Region Imaging Spectrograph (IRIS)
and the Atmospheric Imaging Assembly (AIA) and the Helioseismic and Magnetic Imager (HMI),
both on-board the Solar Dynamic Observatory (SDO). It is aimed at understanding the role of
Doppler motions in transferring mass and energy in an active region in the lower transition region
of the solar atmosphere. This incorporates a detailed study of the role of line-of-sight (LOS)
magnetic fields in this dynamic coupling, with observations of the same bipolar active region 12641
as it moved across the disk from east to west. (See Fig.21).

Using the LoS magnetic field observations from HMI and Siiv 1394 Angstrom line emission
recorded by IRIS, Durgesh Tripathi and collaborators infer that the two opposite polarity strong
field regions, separated by a narrow weak field corridor, are predominantly redshifted to 5-10 km/s.
On the contrary, the weak field corridor has redshifts ranging between 3-9 km/s. Both velocity
estimates depend on the disk position. However, a common feature for all disk positions is a narrow
lane within the corridor region with near-zero velocities. Therefore, the Doppler velocities in the
corridor has two components- a low velocity component centered near 0 km/s and a comparatively
higher velocity component at around 10 km/s. This component and the velocities in the strong fields
show a small CLV within an error margin of +0.23-2.00 km/s. Moreover, these are independent
of the systematic errors (0.87 km/s) incurred in the measurements. To explain the observations,
we suggest that the emission in the lower transition region comes from “Type II spicules”. They,
further, invoke the idea of a “chromospheric wall”, associated with classical cold spicules, so as to
explain the small CLVs of flows.

(82)
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Figure 21: Top panel: AIA 1600 Angstrom channel image in the background on March 3, 2017 showing
AR 12641. The over-plotted white boxes show the IRIS raster FoV between February ('F’) 28 to March
(’M’) 9, 2017. Middle and bottom panels: Zoomed-in views of the IRIS raster FoV between March 1 and 8
as observed by AIA 1600 Angstrom channel.

Formation of sunspots and space weather

Two important goals of solar physics are to understand the solar dynamo mechanism that is respon-
sible for the cyclic global magnetic activity of the Sun, and to be able to make an early prediction of
energetic events, such as coronal mass ejections and solar flares, which have direct impact on terres-
trial life. These phenomena are powered by magnetic fields generated within the Sun. The sunspot
formation mechanism is the missing part of the overall distributed turbulent dynamo paradigm of
the solar magnetism, as in most studies the sunspot-like magnetic concentrations do not form in
a self-consistent manner. This is remedied to some extent in the ongoing numerical work by Nis-
hant Singh and his collaborators as they now have the first hints of spot-like structures appearing
spontaneously on the surface.
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Bhattacharya, etal. (2020) GRB 2002011A: AstroSat CZTI detection, GCN Circular No. 27046.

Prachee V. Ghumatkar, Tanazza Khanam, Vidushi Sharma, Dipankar Bhattacharya, Ajay M.
Vibhute, etal. (2019) GRB 190501BA: AstroSat CZTI detection., GCN Circular No. 24373.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190510B: AstroSat CZT/ detection., GCN Circular No. 24538.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190519A: AstroSat CZT/ detection., GCN Circular No. 24613.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190525A: AstroSat CZTI detection., GCN Circular No. 24667.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190530A: AstroSat CZTI detection., GCN Circular No. 24694.

Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190604A: AstroSat CZTI detection, GCN Circular No. 24753.
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Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190605A: AstroSat CZTI detection, GCN Circular No. 24771.

Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190610B: AstroSat CZTI detection, GCN Circular No. 24789.

Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190609A: AstroSat CZTI detection, GCN Circular No. 24804.

Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190611B: AstroSat CZT] detection, GCN Circular No. 24845.

Prachee Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Tanazza Khanam, Ajay M.
Vibhute, etal. (2019) GRB 190613B: AstroSat CZ T/ detection, GCN Circular No. 24846.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, VVarun Bhalerao, A. R Rao, et al.
(2019) GRB 190615B: AstroSat CZTl detection., GCN Circular No. 24870.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Varun Bhalerao,
etal. (2019) GRB 190619B: AstroSat CZTl detection., GCN Circular No. 24883.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al.
(2019) GRB 190726B: AstroSat CZTI detection, GCN Circular No. 25247.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al.
(2019) GRB 190720B: AstroSat CZTI detection, GCN Circular No. 25254.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al.
(2019) GRB 190731A: AstroSat CZTI detection, GCN Circular No. 25258.

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al.
(2019) GRB 190805B: AstroSat CZTI detection, GCN Circular No. 25287 .

Prachee V. Ghumatkar, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al.
(2019) GRB 190804A: AstroSat CZTI detection, GCN Circular No. 25289.

Shivom Gupta, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al. (2020)
GRB 200228A: AstroSat CZTl detection, GCN Circular No. 27302.

Shivom Gupta, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al. (2020)
GRB 200219A: AstroSat CZTI detection, GCN Circular No. 27305.

H. M. Antia, ..., Shivom Gupta, Ramkrishna R. Gaikwad, Vidushi Sharma, Ajay M. Vibhute,
Dipankar Bhattacharya (2020) GRB200210A AstroSat observations, GCN Circular No. 27313.

Shivom Gupta, Vidushi Sharma, Ajay M. Vibhute, Dipankar Bhattacharya, Varun Bhalerao, et al.
(2020), GRB 200306A: AstroSat CZTI detection, GCN Circular No. 27340.

Shivom Gupta, Vidushi Sharma, Ajay M. Vibhute, Dipankar Bhattacharya, Varun Bhalerao, et al.
(2020) GRB 200311A: AstroSat CZTI detection, GCN Circular No. 27371.
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76. Shivom Gupta, Vidushi Sharma, Ajay M. Vibhute, Dipankar Bhattacharya, Varun Bhalerao, et al.
(2020) GRB 200317A: AstroSat CZTI detection, GCN Circular No. 27425.

77. Shivom Gupta, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al. (2020)
GRB200318A: AstroSat CZT] detection, GCN Circular No. 27426.

78. Shivom Gupta, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al. (2020)
GRB 200325A: AstroSat CZT] detection, GCN Circular No. 27438.

79. Shivom Gupta, Vidushi Sharma, Dipankar Bhattacharya, Varun Bhalerao, A. R. Rao, et al. (2020)
GRB 200326B: AstroSat CZT] detection, GCN Circular No. 27462.

80. Vadakkumthani Jitesh, Bari Magbool Bhat, Gulab C. Dewangan, and Ranjeev Misra (2019) Large
flares from GRS 1915+105 in its unusual low state as observed by AstroSat, Astronomer's Telegram No.
12805.

81.  Rukaiya Khatoon, Vadakkumthani Jithesh, ... Zahir Shah, Ranjeev Misra, and Rupjyoti Gogoi (2019)
Swift follow up of the renewed flaring phase of blazar SBS 1150 + 497, Astronomer’ Telegram No. 13285.

82. Tanazza Khanam, Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Varun Bhalerao, et al.
(2019) GRB 190411A: AstroSat CZTI detection, GCN Circular No. 24118.

83. Tanazza Khanam, Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Varun Bhalerao, et al.
(2019) GRB 190419A: AstroSat CZTI detection, GCN Circular No. 24297

84. Tanazza Khanam, Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Varun Bhalerao, et al.
(2019) GRB 190429A: AstroSat CZTI detection, GCN Circular No. 24352.

85. Y. Sharma, ... Tanazza Khanam, Vidushi Sharma, Ajay M. Vibhute, Dipankar Bhattacharya, et al.
(2019) GRB 180416D: AstroSat CZT/ detection, GCN Circular No. 24536.

86. JohnA. Paice, Poshak Gandhi, ... Bari Magbool Bhat, Dipankar Bhattacharya, Ranjeev Misra, et
al. (2019) Swift and AstroSat monitoring of GX339-4 during its 2019 activity, Astronomers' Telegram No.
13264.

87. Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Tanazza Khanam, Varun Bhalerao, et al.
(2019) GRB 190326B: AstroSat CZTI detection, GCN Circular No. 24042.

88. Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Tanazza Khanam, Varun Bhalerao, et al.
(2019) GRB 190331C: AstroSat CZT/ detection, GCN Circular No. 24053.

89. Vidushi Sharma, Dipankar Bhattacharya, Ajay M. Vibhute, Tanazza Khanam, Varun Bhalerao, et al.
(2019) GRB 190407B: AstroSat CZT] detection., GCN Circular No. 24121.

90. Vidushi Sharma, Ramkrishna R. Gaikwad, Dipankar Bhattacharya, Ajay M. Vibhute, Varun
Bhalerao, etal. (2019) GRB 190630C: AstroSat CZTI detection, GCN Circular No. 24939.

(d) BOOKS

Ajit K. Kembhavi, and Pushpa Khare

Guruttviy Tarang —Vishwdardshnache Nave Sadhan (in Marathi) (Gravitational Waves —A New Tool to
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Watch and Understand Universe), Rajhans Prakashan, Pune (2019).

Jayant V. Narlikar

e  Samagra Jayant Narlikar: Kadambari (in Marathi) (Collection of novels by Jayant Narlikar), Rajhans
Prakashan Pvt. Ltd., Pune (2020).

T. Padmanabhan, and Vasanthi Padmanabhan
e  Dawn of Science - Glimpses from History for the Curious Mind, Springer (2019).

(e) POPULAR ARTICLES
Jayant V. Narlikar

Are we aliens?, Down to Earth, 53 (2019).

Excellence in higher education: The Mahamana’vision, Souvenir, International Alumni Meet (2020).
Bachpan ki kuch yaadein (in Hindi) (Afew childhood memoirs), Pitrudevo Bhava, 20 (2019).

Vaidnyanik drustikon (in Marathi) (Scientific outlook), Manashakti, Diwali Issue, 12 (2019).

Vidnyan aani guptapolice (in Marathi) (Science and detectives), NRIPOJAGAT, 15 (2019).

Prakash pradushan: Avakash nirikshanatil adthala (in Marathi) (Light pollution: An obstacle to space
observations), Vanarai, 8 (2019).

Time machinechi kimaya (in Marathi) (The miracle of time machine), Kishor, 12 (2019).

e |UCAAcha shree ganesha (in Marathi) (The starting of IUCAA), Jesthaparva, Diwali Issue, 59 (2019).
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PEDAGOGICAL

(a) IUCAA —NCRA Graduate School

Dipankar Bhattacharya

Methods of Mathematical Physics | (21 lectures) (August —September 2019).
Sukanta Bose

Quantum and Statistical Mechanics Il (14 lectures) (October —December 2019).
Gulab C. Dewangan

Astronomical Techniques | (14 lectures) (January —February 2020).

Neeraj Gupta

Astronomical Techniques Il (14 lectures) (March —May2019).

Ranjeev Misra

Electrodynamics and Radiative Processes Il (14 lectures) (October —December 2019).
Surhud More

Galaxies: Structure, Dynamics and Evolution (21 lecture) (January —February 2020).
T. Padmanabhan

Methods of Mathematical Physics Il (21 lectures) (October —-December 2019).
Aseem Paranjape

Research Methodology (Statistics Module) (7 lectures) (January 2020).

Varun Sahni

Extragalactic Astronomy | (21 lectures) (January —February 2020).
Raghunathan Srianand

Interstellar Medium (14 lectures) (March —May 2020).

Kandaswamy Subramanian

Quantum and Statistical Mechanics | (21 lectures) (August —September 2019).
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(b) SAVITRIBAI PHULE PUNE UNIVERSITY MSc LECTURES
(Departments of Physics, and Department of Space Science)

Aseem Paranjape

Astronomy and Astrophysics Il (General Relativity and Cosmology) (18 lectures) (January - April 2020, but
interrupted in March 2020 due to Covid-19 outbreak).

Ranjan Gupta

Astronomy and Astrophysics Laboratory Course (Theory 10 lectures), and related to Observational
Astronomy (10 Laboratory and Night Experiments).

(c) SUPERVISION OF PhD THESES
(Degrees Awarded)

Sukanta Bose

Title: Gravitational Waves from Compact Binaries as Probes of Neutron Star Equation of State and Extra
Spatial Dimension.
Student: Kabir Chakravarti (IUCAA)

Title: Strategies for Searches of Electromagnetic Counterparts of Gravitational Wave Signals.
Student: Javed Rana Sk. (IUCAA)

Tarun Souradeep

Title: Study of Cosmic Microwave Background: Anomalies and Weak Lensing.
Student: Shabbir I. Shaikh (IUCAA)

Aseem Paranjape

Title: Aspects of Semi-Classical Limit and the Backreaction Problem.
Student: Rajeev Karthik (IUCAA)

Title: Analytical and Semi-Numerical Techniques for Next Generation Observations of LSS.
Student: Niladri Paul (IUCAA)

(d) SUPERVISION OF PhD THESES
(Ongoing)

Dipankar Bhattacharya

Title: Accretion-induced Evolution of Neutron Star Magnetic Field.
Student: Suman Bala (IUCAA)

Title: Spectro-Timing Study of Accretion Disks.
Student: Yash Bhargava (IUCAA)

Title: Probing the Central Engine and Early Emission of Gamma Ray Bursts.
Student: Vidushi Sharma (IUCAA)
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Title: Indirect Imaging in Astronomy.
Student: Ajay M. Vibhute (IUCAA)

Title: An Investigation of Polarised Emission from Accreting Binary X-ray Pulsars.
Student: Parisee Sunil Shirke(IUCAA)

Sukanta Bose

Title: Constraining the Equation of State of Neutron Stars with Gravitational Wave Observations.
Student: Bhaskar Biswas (IUCAA)

Title: Improved Methods for Discriminating Gravitational Wave Signals of Compact Binary
Coalescences from Noise Transients.
Student: Sunil Choudhary (IUCAA)

Title: Spacetime Mapping.
Student: Sayak G. Datta (IUCAA)

Title: Numerical Study of Wave Propagation in General Relativity.
Student: Shalabh Gautam (IUCAA)

Title: The Physics and Astrophysics of Binary Black Hole Mergers and their Gravitational Radiation.
Student: Vaishak Prasad (IUCAA)

Title: Using Gravitational Waves from Compact Binary Coalescences to Probe Gravitational Lensing
(Strong and Micro) and the Magnetic Penrose Process.
Student: Anuj Mishra(IlUCAA)

Title: Characterizing the Properties and Constitution of Compact Objects in Gravitational-Wave Binaries.
Student: Samanwaya Mukherjee (IUCAA)

Gulab C. Dewangan

Title: Multi-Wavelength Observations of Accretion Disks in Active Galactic Nuclei.
Student: Pranoti Y. Panchbhai (IUCAA)

Title: Soft X-ray Excess and Accretion Disk/Corona Emission from Active Galactic Nuclei.
Student: Prakash Tripathi (IUCAA)

Title: AstroSat view of accretion discs in Active Galactic Nuclei.
Student: Shrabani Kumar (IUCAA)

Sanjit Mitra

Title: Algorithms for Gravitational Waves Data Analysis and Detector Controls Based on Modern
Techniques.
Student: Sreejit P. Jadhav (IUCAA)

Title: Science Potentials of a Space-based Deci-Hertz Gravitational Wave Observatory.
Student: Piyali Ganguly (IUCAA)

Title: Methods and Scientific Potentials of Stochastic Gravitational Wave Background Analyses.
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Student: Deepali Agarwal (IUCAA)

Title: Efficient Searches for Compact Binary Coalescences and Science in the LIGO-India Era.
Student: Kanchan Soni(IUCAA)

Surhud More

Title: The Galaxy Dark Matter Connection.
Student: Navin Chaurasiya (IUCAA)

Title: Cosmology from Galaxy Clusters3.
Student: Amit Kumar (IUCAA)

Title:Gravitational Lensing in Galaxy Clusters.
Student: Divya Rana (IUCAA).

Title: Cosmology from Galaxy Clusters.
Student: Arindam Sharma (IISER, Pune)

Aseem Paranjape

Title: Halo Dynamics and Kinematics: Applications to Large-Scale Structure and Cosmology.
Student: Sujatha Ramakrishnan (IUCAA)

Title: Exploring the Nature of Dark Matter using Astrophysical and Cosmological Probes.
Student: Bhaskar Arya(lUCAA)

A. N. Ramaprakash

Title: Alternative Techniques for Adaptive Optics for Future Large Telescopes.
Student: Sorabh Chhabra (IUCAA)

Title: Design and Development of Wide Field Optical Polarimeters (WALOP) for Dust Cloud Tomography.
Student: Siddharth Maharana (IUCAA)

Somak Raychaudhury

Title: The Evolution of Galaxies on the Cosmic Web.
Student: Ruchika Seth (IUCAA)

Varun Sahni

Title: Dark Matter, Dark Energy and the Early Universe.
Student: SwagatS. Mishra (IUCAA)

Tarun Souradeep

Title: Physics beyond Statistical Isotropy at Late Universe.
Student: Debabrata Adak (IUCAA)

Title: Precision Physics from CMB Polarisation Anisotropies.
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Student: Rajorshi S. Chandra (IUCAA)

Title: Study of CMB Spectral Distortions.
Student: Debajyoti Sarkar (IUCAA)

Raghunathan Srianand

Title: Probing the Astrophysical and Cosmological Aspects of Intergalactic Medium using Quasar Spectra.
Student: Soumak Maitra (IUCAA)

Title: Probing Environment of High Redshift Quasars using Diffuse Lyman-aEmission.
Student: Gitika P. Shukla (IUCAA)

Title: Probing the Nature, Environment and Evolution of Ultra Strong Mg Il Absorption Systems.
Student: Labanya Kumar Guha (IUCAA)

Title: Probing the ultra-fast outflows in BAL quasars using muiti-epoch spectroscopy.
Student: Aromal P (IUCAA)

Durgesh Tripathi

Title: Energetics of the Solar Atmosphere.
Student: Abhishek Rajhans (IUCAA)

(e) SUPERVISION OF PROJECTS
Dipankar Bhattacharya

Tanushree Chowdhury (Sri Venkateswara College, New Delhi) Equation of State and the Structure of
Compact Stars.

Anwesha Maharana (IISER, Pune) Structure and Stability of Magnetically Confined Mounds on Neutron
Stars.

Avinash Manoj Sontakke (BITS,Pilani) Earth’ Gravity.
Debarati Chatterjee

Sukrit Jaiwal (IISER, Pune) Internal Composition on Neutron Star Oscillation Modes; and
Study of Correlations between Nuclear and Astrophysical Observables.

Savithri H. Ezhikode

Hafiz Nazeer (University of Calicut, Kozhikode) A Study of the X-ray Variability in the AGN Mrk~110.
Sariga C.M. (Providence College, Kozhikode) X-ray Studies of AGN with AstroSat.

Vadakkumthani Jithesh

Zainul Abid P. (University of Calicut, Kozhikode) Broadband X-ray Spectral Variability of Black Hole X-ray
Binary MAXIJ1820+070.
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Divyarani C. G. (NIT,Surathkal) (Vacation Students’Programme, IUCAA) Search for the Transient Supersoft
X-ray Sources inthe Nearby Galaxies.

Jobin Mathew Jose, and Ramshad V. R. (St. Thomas College, Ranni) Spectro-Timing Analysis of the New
Black Hole Binary Candidate Swift J1658.2-4242.

Annmaria J. Puthur (Vimala College, Trissur) Searching the Optical and UV Counterparts of Candidates
MSPs.

Sister Lydia Sertho (Vimala College, Trissur) Spectral Study of ULX NGC 55 ULX1 Using Swift Observations.

Sreelakshmi T. (Providence Women's College, Kozhikode) Timing Studies of GRS 1915+105 in its Unusual
Low State using AstroSat LAXPC.

Shivaraj Kandhasamy
Ishan Joshi (Fergusson College, Pune) Reducing Environmental Coupling using Wiener Fiitering.
Anupreeta More

Saloni Deepak (University of Delhi) Determining the Host Luminosity for a Gravitationally Lensed AGN.

Suprio Dubey (BITS —Pilani, Ranchi) Determination of the Mass Profile of a Galaxy Cluster using Various
Mass Probes.

Chatrik Singh Mangat (Hyderabad ) Cosmological Constraints using a Double Source Plane Lens
System.

Anushka Menon (Fergusson College, Pune) Identifying Lensed Supernovae la from Multi-Band Imaging
Data.

Surhud More

Bhavana Bhat (Fergusson College, Pune) Cosmic Shear Measurements in Weak Lensing Surveys.

Manav Chordia (Pune Institute of Computer Technology, Pune) MachineLearning to Improve Difference
Imaging in Astronomy.

Shefali Negi (Punjabi University, Patiala) Difference Imaging Applications in Astrophysics.

Aseem Paranjape

Raghav Arora (BITS-Pilani, Goa)(Vacation Students’ Programme, IUCAA) Group-finding Algorithms for
Cosmological Large Scale Structure.

Nikhil Bisht (BITS-Pilani, Goa) Lagrangian Perturbation Theory.

PayaswineeDhoke (M. P. Deo Memorial College, Nagpur) Environmental Effects on Dark Matter Haloes in
Warm Dark Matter Cosmologies (Ongoing).
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ShreejayaKaranth (Indian Academies Summer Student) Special and General Relativity.

Rupak Roy

Kaustav Chatterjee (IISER, Mohali) Superluminous Supernovae.

Kiran Jayasurya (IIST, Thiruvananthapuram) Spectroscopic Modelling of Tidal Disruption Events(Co-
supervision).

Hagnawaz Rafiq (University of Kashmir, Srinagar) Spectroscopic Study of the Nuclear-Transients.

Akriti Singh (IIST, Thiruvananthapuram) Understanding the Nuclear-Transient(Co-supervision).

Varun Sahni

Apoorva Shah (Fergusson College, Pune) Dark Energy and the Accelerating Universe.
(f) SEMINARS, COLLOQUIA, AND LECTURES

Bari Magbool Bhat

Modelling the Timing Properties of the Black Hole Binary CYG X-1, 14" Asia-Pacific Physics Conference,
Borneo Convention Centre Kuching, Sarawak Malaysia, November 17,2019.

Dipankar Bhattacharya

Introduction to Pulsars, International Pulsar Timing Array, Student Week, NCRA, Pune, June 10, 2019.

Results on Compact Objects from AstroSat, International Conference on the Future of X-ray Timing,
Amsterdam, The Netherlands, October 23, 2019.

(i) Introduction to Astronomy and Astrophysics, (ii) Tools of Astronomy: Telescopes and Detectors, (iii) Stars,
and (iv) Galaxies, Dark Matter and the Universe, IUCAA—IAPT Workshop on Physics in Action, December 20

-22,2019.

Debarati Chatterjee

Neutron Stars as Gravitational Wave Sources, IUCAA, March 5, 2020.

Savithri H. Ezhikode

X-ray Astronomy for PG Students and Teachers, St. Thomas College, Ranni, during February 1 -2, 2020.

Introduction to Active Galactic Nuclei (Talk), and X-ray Data Analysis (Hands-on Session), St. Thomas
College, Ranni, February 1 - 2, 2020.

Gulab C. Dewangan

UV/X-ray Emission from Seyferts, International Meeting on Recent Progress in Relativistic Astrophysics,
Fudan University, China, May 6 -8, 2019.

SXT Calibration Status and UV/X-ray Spectroscopy with AstroSat, 14" IACHEC Meeting, Shonan Village
Centre, Japan, May 20 -23, 2019.
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AstroSatand UV/X-ray Emission from Active Galactic Nuclei, Tokyo Institute of Technology, May 24, 2019.

Interplay between the Accretion Disk and Corona in Active Galactic Nuclei, NCRA -TIFR, Pune, November

11,2019.
AstroSat UV/X-ray Connection in Accreting Objects, School of Physics and Astronomy, University of
Southampton, November 22, 2019.

AstroSatand UV/X-ray Observations, International Workshop on Astronomical X-Ray Optics, Prague, Czeck
Republic, December2-6,2019.

Observational Probes of AGN Central Engines, Discussion Meeting SMBH2019, ICTS, Bebgakuru,
December17-19,2019.

Sanjeev V. Dhurandhar

Gravitational Waves: From Discovery to Astronomy, Saha Institute of Nuclear Physics, Kolkata. June 4, 2019;
IISER, Kolkata, June 6, 2019; and Gujarat Science Congress, Ganpat University, Mehsana, February 9, 2020
(Plenary talk).

(i) Early Days of Gravitational Wave Research in India,and (ii) Data Analysis of Gravitational Waves, Meeting
on Future of Gravitational Wave Astronomy, ICTS, Bengaluru, August 20-21, 2019.

A Unified Approach to Chi Square Discriminators: Gravitational Waves from Compact Binary Coalescences,
Institute of Cosmic Ray Research, Tokyo University, Kashiwa Campus, Japan. October 11,2019.

The Enigma of Gravitation: From Newton to Einstein and Beyond, Frontiers in Physics, Fergusson College,
Pune, February 17, 2020.

Neeraj Gupta

The MeerKAT Absorption Line Survey, Galaxy Evolution in a New Era of HI Surveys, MIAPP, Munich, July 29,
2019.

Large Survey with SALT: Radio Bright Quasars for the MeerKAT Absorption Line Survey, SALT Science
Meeting, IUCAA, November 13,2019.

Ranjan Gupta

Spectrographs and Spectra: Observation and Data-Reduction Techniques, 5" Indo —French Astronomy
School on Spectroscopy and Spectrographs, IUCAA, August 16 —24, 2019.

Modelling of Mid-InfraRed Polarization in Dust around Young Stars, International Conference on Infrared
Astronomy and Astrophysical Dust (IRAAD), IUCAA, October 22 -25,2019.

Time Variability of Interstellar Lines in the Direction of the Vela Supernova Remnant, SALT Science Meeting,
IUCAA, November 13-14,2019.

India’Involvement in Mega Projects in Astronomy, LCOGT, Santa Barbara, CA, USA, December 20, 2019.

Dust and Polarimetry, Space Application Centre, Ahmedabad, January 13, 2020.
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Vadakkuthani Jithesh

Long-Term Spectral Variability and Searching the Pulsating Nature of ULX M81 X—, Kuching, Malaysia, 14"
APPC, November 17 -22,2019.

Overview of X-ray Astronomy and X-ray Binaries, Seminar on X-ray Astronomy, St. Thomas College, Ranni,
Kerala, February 1-2,2020.

Shivaraj Kandhasamy

Update on O3 Radiometer Analyses, LIGO-VIRGO-KAGRA Collaboration Meeting, Warsaw, Poland,
September 2,2019; and March 17,2020 (Online).

Data Quality and Calibration of LIGO-Virgo Detectors, The Newton-Bhabha and the Open Data Workshop,
IUCAA, December 5, 2019.

Anupreeta More

Strong Gravitational Lensing, Refresher Course in Astronomy and Astrophysics (for College/University
Teachers)/Vacation Students’Programme, IUCAA, May 31,2019.

ML Applications to GW Data: CBC Search and Analysis, Workshop on Applications of Data Science in
Astrophysics and Gravitational Wave Research, IlIT, Allahabad, November 2,2019.

Surhud More

Cosmological Constraints from the Subaru Hyper Suprime-Cam Survey, Ruth Marshak Lecture, American
Physical Society, Denver, Colorado, April 15,2019.

Lectures on Cosmology, Astronomy Olympiad, HBCSE, Mumbai, May 6, 2019.
Cosmology from Electromagnetic Observations, ICTS, Bengaluru, August 20, 2019.

(i) Cosmological Constraints from Weak Lensing Surveys, and (ii) The Hunt for Planet Nine, ISER, Mohali,
September4 -5,2019.

Cosmological Constraints from Weak Lensing Surveys, 38" Meeting of the Astronomical Society of India,
IISER, Tirupati, February 15, 2020.

Ranjeev Misra

Radiative Processes in Astrophysics, Workshop on Astronomical Data Analysis, J. B. College, Jorhat,
September2019.

AstroSat: A New Era for Rapid X-ray Timing, Introductory Workshop on Physical Perspectives of Astronomy,
ICFAI, Tripura, October 2019; Workshop for AstroSat Data analysis, Goa University, November 2019;and St.
Thomas College, Ranni, February 2020.

AstroSat: Spectro-Temporal Analysis of X-ray Binaries, Transient Astronomy, ISRO, Bengaluru, November
2019.
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Jayant V. Narlikar

How Well Do we Know our Universe?, ICTS, Bengaluru, August 19, 2019.

Some Conceptual Problems in Cosmology, GLA University, Mathura, October 11,2019.
A Glimpse into Astrobiology, Advanced Centre for Treatment, Research and Education in Cancer, Navi
Mumbai, December 5, 2019.

T. Padmanabhan
Gravity and the Cosmos, M.P. Birla Memorial Award Lecture, Kolkatta, September 29, 2019.

(i) Emergent Gravity Paradigm: Concepts and Overview, and (ii) Emergent Gravity Paradigm: Highlights and
Open Issues, Workshop on Emergent Gravity Paradigm, CUSAT, Kochi, November 8-10, 2019.

Thermality of Horizons, Distinguished Lecture Series, Department of Physics, [IT —Bombay, Mumbai,
January 27, 2020.

Avatars of Gravity, lIT, Gandhinagar, February 27, 2020.
Aseem Paranjape

Assembly Bias and Tidal Fields, Dynamics of LSS Formation Meeting, MIAPP, Munich, Germany, July 14
- 27, 2019.

Sujata Ramakrishnan

Cosmic Web Anisotropy is the Primary Indicator of Assembly Bias,Dynamics of LSS Formation Meeting,
MIAPP, Munich, Germany, July 14-27,2019.

Karthik Rajeev

Cosmic Web Anisotropy is the Primary Indicator of Assembly Bias, YAM —-2019, Kodaikanal Solar
Observatory, September 23 -27,2019.

Exploring the de Sitter Spacetime, Workshop on Emergent Gravity Paradigm, CUSAT, Kochi, November
2019.

Kanak Saha

Far and Near-Ultra Violet Deep Imaging Survey of the Chandra Deep Field South and Beyond, Extragalactic
Deep Fields, European Week of Astronomy and Space Science, Lyon, France, June 24, 2019.

An Overview of Indian Astronomy, European Week of Astronomy and Space Science, Lyon, France, June
27, 2019 (Plenary talk).

Astronomical Facilities in India and AstroSat/UVIT Observation, Group Seminar, Geneva Observatory,
Switzerland, July 1, 2019.

Exploring the UV Deep Field by AstroSat, Tezpur University, Assam, September 12, 2019; and Israel
—ASH and INSA Workshop on Astrophysics and Planetary Science,December 3, 2019.
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AstroSat and its UV Capability, BRICS Astronomy Working Group and Workshop, Brazil, September 30,
2019.

Exploring Galaxy Formation using AstroSat, Gorakhpur University, November 21, 2019; and LBS College,

Gonda, November22,2019.

Exploring the Early Galaxy Formation by AstroSat, Diamond Harbour Women’ University,Sarisha, West
Bengal, January 31, 2020.

Galaxy Kinematics in the Era of IFU, 38" Meeting of the Astronomical Society of India, IISER, Tirupati,
February 13, 2020.

Zahir A. Shah

Flux Distribution Study of Fermi Bright Blazars and Simulated Light Curves, Astronomy Group Seminar
Programme, University of Southampton, United Kingdom, October 14, 2019.

Nishant K. Singh

Basics of Magnetohydrodynamics and Space Weather,Workshop on Science of the Star in our Backyard:
Introduction and Data Analysis, St. Mary College, Wayanad, December 26 —29, 2019.

Durgesh Tripathi
Dynamics ofthe Sun’Atmosphere, Department of Physics, BHU, Varanasi, April 18, 2019.

Doppler and Non-Thermal Motions in Transition Region of Active Regions, 9" Coronal Loops Workshop, St
Andrews University, Scotland, June 11 -14,2019.

Space Weather and Sun Climate with Aditya—L1, Towards Future Research on Space Weather Drivers, San
Juan, Argentina, July 2-7,2019.

Challenges in Solar Astronomy, 5" North —East Meet of Astronomers, Tezpur University, September 11 -13,
2019.

Formation of Hot Plasma in the Core of an Active Region, 10" IRIS Workshop, Bengaluru, November 4 -8,
2019.

The Aditya —L1: A Space Based Solar Observatory of Indian Space Research Organisation, 10" IRIS
Workshop, Bengaluru, November 4-8, 2019.

Testing the Flare Localization Algorithm for Solar Ultraviolet Imaging Telescope (SUIT), using IRIS and AlA
data, 10" IRIS Workshop, Bengaluru, November 4-8, 2019.

Our Life-Giving Star: The Sun, Variable Energy Cyclotron Centre, Kolkata, November 29, 2019.

(i) Solar Ultraviolet Imaging Telescope on Aditya —L1,(ii) Amplitude Modulation of MHD Waves Observed in

Fan Loop, (iii) Evolution and Plasma Diagnostics in the X-region of TELs, (iv) Solar Wind Prediction using
Deep Learning,and (v) Hydrodynamics of Transient BrighteningsObserved by Hi-C, 5" AsiaPacifi Solar
Physics Meeting, IUCAA, February 3—7,2020.
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The Solar Ultraviolet Imaging Telescope on Board Aditya-L1 Mission, Queens University Belfast, UK.
February 25, 2020; and Armagh Observatory, UK, February 26, 2020.

The Science Goal of SUIT Payload, First Aditya Science Meeting, ISRO Headquarter, Bengaluru, March 6
-7, 2020.

Multi-Payload QS Science using Aditya-L1, First Aditya Science Meeting, ISRO Headquarter, Bengaluru,
March 6 -7, 2020.

(9) LECTURE COURSES
Dipankar Bhattacharya

Introduction to Astronomy and Astrophysics and Radiative Processes (4 lectures), Refresher Course in
Astronomy and Astrophysics (for College/ University Teachers)/ Vacation Students’Programme, IUCAA, May
13-14,2019.

Physics of Compact Objects, (3 lectures), ARPIT Online Course on Astronomy and Astrophysics, Recording
Studio, IISER, Pune, July 30-31,2019.

Computational Methods in Astronomy (11 lectures), Topical Course, IUCAA, January —March 2020.
Gulab C. Dewangan

X-ray Astronomy and Active Galactic Nuclei (2 lectures), Refresher Course in Astronomy and Astrophysics
(for College/University Teachers)/Vacation Students’Programme, IUCAA, May —June 2019.

Sanjeev V. Dhurandhar

Gravitational Waves: An Overview (2 lectures),Refresher Course in Astronomy and Astrophysics (for
College/University Teachers)/Vacation Students’Programme, [IUCAA, Pune, May 24, 2019.

Statistics of Gravitational Wave Detection (3 lectures), Workshop on Applications of Statistics in Astrophysics,
Assam University,Silchar, November 20 —-22, 2019.

General Relativity and Gravitational Waves (3 lectures),SRTM University, Nanded, January 15-16, 2020.

Ranjan Gupta

Basics of Astronomy (4 lectures), Advance Meteorological Training Course (Batch 180), Naval Officers
and IMD Recruits, IMD —CTI, Pune, January 27 —28, 2020.

Dipanjan Mukherjee

Computational Methods in Astrophysics (7 Lectures), Topical Course, IUCAA, January - May 2020.
Jayant V. Narlikar

Cosmology (8 lectures), Centre for Excellence in Basic Sciences, Mumbai, April 7 =17, 2019.

T. Padmanabhan

The Interface between QT and GR (10 lectures), Topical Course, June 2019.
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Horizon Thermality, QFT and Gravity (3 lectures),lISER, Mohali, September 24 —26, 2019.
Aseem Paranjape

Special Relativity and the Principle of Equivalence (3 lectures), IUCAA-IAPT Under-graduateProgramme,
BITS-Pilani, Goa, December 2019.

Kanak Saha

Galaxy Dynamics (3 Lectures), Refresher Course in Astronomy and Astrophysics (for College/University
Teachers)/Vacation Students’Programme,l[UCAA, June 10 —11, 2019.

Highlights of Extragalactic Research (2 lectures),5" Indo-French Astronomy School on Spectroscopy and
Spectrographs,lUCAA, August 21, 2019.

Nishant K. Singh
Computational Methods in Astronomy (2 lectures), Topical Course, IUCAA, 2020.
Durgesh Tripathi

Stars: Structure and Evolution (3 lectures),Refresher Course in Astronomy and Astrophysics (for
College/University Teachers)/Vacation Students’ Programme, IUCAA, June 2-3,2019.

Challenges in Solar Astronomy (2 lectures), Exploring the Universe, ICARD Activity, Gorakhpur,
November 21 -22, 2019.

(h) POPULAR/PUBLIC LECTURES
Tek Prasad Adhikari

Black Holes and Active Galactic Nuclei, Pokhara Astronomical Society, Pokhara, Nepal, April 30, 2020
(online).

Debarati Chatterjee

Gravitational Waves: Exploring the Invisible Universe, Women in Space Sector, Darmstadt Space Raumfahrt
Fans, Darmstadt, Germany, January 7, 2020.

Gulab C. Dewangan
X-ray Vision in Astronomy, Philips India, Pune, November 6, 2019.
Sanjeev V. Dhurandhar

Einstein's Legacy: The Discovery of Gravitational Waves, Marathi Vidnyan Parishad, Goa Vibhag,
Madhgaon, Goa, August 10, 2019.

The Discovery of Gravitational Waves and Beyond: Parts land I, Khalsa College, Delhi University, North
Campus, September 25, and 27,2019.
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The Discovery of Gravitational Waves, Students Science Club, Kothrud, Pune, November 24,2019.

The Enigma of Gravitation: From Newton to Einstein and Beyond, National Centre for Cell Sciences, Pune,
January 10, 2020.

Neeraj Gupta

(i) Science with the Square Kilometre Array: HI Perspective,and (ii) Square Kilometre Array: The Largest
Radio Telescope,Vigyan Samagam, Nehru Science Centre, Mumbai, June 22, 2019.

Anupreeta More

Gravitational Lensing Discoveries at your Fingertips, Marathi Vidnyan Parishad, Ambernath, May 5, 2019.
Unravelling the Dark Side of the Universe with Gravitational Lensing, CCOEW, Pune, November 16,2019.
Surhud More

Chandrayaan 11, India's Mission to the Moon, B.D. Kale College, Landewadi, Ambegaon, October 3, 2019.
Search for Planet Nine, Marathi Vidnyan Parishad, Ambernath, May 5,2019.

Jayant V. Narlikar

Logical Thinking, Department of Physics, University of Mumbai, April 10, 2019.

The Importance of Logical Thinking, MIT Academy of Engineering, Pune, April 30, 2019; and Infosys, Pune,
May 8, 2019.

Convocation Address, IISER, Bhopal, May 31,2019.

Why Study Astronomy?, 2™ Saturday Lecture/ Demonstration Programme, IUCAA, Pune, July 13, 2019;
Gandhi Centre for Science and Human Values, Jawaharlal Nehru Planetarium, Bengaluru, August 17, 2019;
and Readers of * Juger Kishor Vigyani’ Institute of Culture, Kolkata, September 27, 2019.

Khagolshastra ka shikave? (in Marathi) (Why Study Astronomy?), 2™ Saturday Lecture/ Demonstration
Programme, IUCAA, Pune, January 5, 2019; Arts, Commerce and Science College, Arvi, Dist. Wardha,

January 5, 2020; and Marathi Vidnyan Parishad, Pune Vibhag, Pimpri Chinchwad Science Park Auditorium,
Pune, March 1, 2020.

The Cuilture of Science, Jawaharlal Nehru Planetarium, Bengaluru, August 18, 2019.

Gurutvakarshanachya laharin cha shodh (in Marathi) (Search for Gravitational Waves), Jalgaon Zilla
Shaskiya Abhiyanta Sahakari Patpedhi Maryadit, Jalgaon, September 16, 2019.

Are we Alone in the Universe?, GLA University, Mathura, October 12,2019.
Amazing World of Astronomy, Jamia Millia Islamia, New Delhi, October 14,2019.

Gravitational Waves: Their Nature, Emission and Detection, Muktangan Exploratory Science Centre, Pune,
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December 11,2019.

Satyen Bose ek preranadayi vaidnyanik (in Marathi) (Satyen Bose: An Inspiring Scientist), Nehru Centre,
Mumbai, December 14, 2019.

Gurutvakarshanachya lahari (in Marathi) (Gravitational Waves), Swami Ramanand Teerth Marathwada
University, Nanded, December 15,2019.

The Creation of Centres of Excellence, Foundation Day Lecture of the Centre for Excellence in Well Logging
Technology, Vadodara, February 2, 2020.

T. Padmanabhan

From Sun, Moon, and Stars to Calendar, Chandigarh Science Centre - Tagore Theatre,September 27,
2019.

() RADIO/TV PROGRAMMES
Debarati Chatterjee

Astro_Roamer, Podcast Channel to Popularize Physics/Astrophysics, https://soundcloud.com/user-
171349851.

Sanjeev V. Dhurandhar
Gravity and the Cosmos, Varanasi Radio (Interview), May 15, 2019.
Anupreeta More

Interview on Khule Aakash, Aajchya kalatale shashtreeya Shodh (Series), All India Radio, Akashwani,
Mumbai, February 6 -7, 2020.

Surhud More
Marathi television appearance on ABP Majha during the launch of Chandrayaan Il, July 22, 2019.

Marathi television appearance on ABP Majha during the descent of Chandrayaan IlI's Vikram Lander on
the Moon, September 6/7, 2019.

Jayant V. Narlikar
Interview on Sunitatai Deshpande, All India Radio, Pune, July 15, 2019.

Interview, All India Radio, Nagpur, January 3, 2020.
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Refresher Course in Astronomy and Astrophysics

The Refresher Course in Astronomy and Astrophysics for College and University Teachers was held at [IUCAA,
during May 13 - June 14, 2019. There were 24 participants, who came from different parts of India. The
faculty coordinators for the Refresher Course were Aseem Paranjape and Surhud More. (For details, see
KHAGOL No. 119 July 2019)

Vacation Students' Programme

The annual Vacation Students' Programme (VSP) was held during May 13 - June 28, 2019 at IUCAA. There
were 14 students from various colleges/ universities/ institutes. Gulab C. Dewangan was the faculty
coordinator of this programme. (For details, see KHAGOL No. 119 July 2019)
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National Conference on Recent Trends in the Study of Compact Objects: Theory
and Observation

IUCAA organized the fourth National Conference on Recent Trends in the Study of Compact
Objects: Theory and Observation (RETCO) during April 17 - 20, 2019. The conference brought
together researchers from all over India to discuss the recent theoretical and observational progress
made in understanding the physics of accreting compact objects with special emphasis on the
results from the AstroSat mission. Gulab C. Dewangan was the coordinator of the conference.

(For details, see KHAGOL No. 119 July 2019)

Indo - French Astronomy School (IFAS5) on Spectroscopy and Spectrographs

The IFAS5 (5th Indo-French Astronomy School) was held at [UCAA during August 16-24, 2019. This series of
IFAS which are alternatively held at IUCAA, Pune and Lyon, France. The school coordinators were Philippe
Prugniel from France and Kanak Saha and Ranjan Gupta from IUCAA. (For details, see KHAGOL No. 120
October 2019).
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ASTRONOMY CENTRE FOR EDUCATORS

Astronomy Centre for Educators

Inaugurated by

Professor K.

Inauguration of the Building

A significant event during this year has been the inauguration of the Teaching Learning Centre (TLC)
building by K. VijayRaghavan, Principal Scientific Adviser to the Government of India on December 29,
2019.

(For details, see KHAGOL No. 121 January 2020)

Annual Refresher Programme In Teaching (ARPIT) 2019

The National Resource Centre (NRC) for Astronomy and Astrophysics hosted by ITUCAA has developed an
online course titled “Stars and Stellar Systems’ for ARPIT 2019-20. The ACE staff involved in making this online
course are Prakash Arumugasamy, Manojendu Choudhury, Sushan Konar, and Dhruba J. Saikia (Coordinator),
with Aniket Kadu and Shivraj Kshatriya as video editors. The videos were filmed at the Science Media Centre
of IISER, Pune. These videos are presently available via the Swayam platform.

(For details, see KHAGOL No. 120 October 2019)

Thirty-First Foundation Day Lecture

The 31st IUCAA Foundation Day Lecture was delivered
on 29 December 2019 by K. VijayRaghavan, FRS,
Principal Scientific Adviser to the Government of India.
An alumnus of IIT Kanpur and TIFR, Mumbai, He is a
distinguished professor in the field of developmental
biology, genetics and neurogenetics.

(For details, see KHAGOL No. 121 January 2020)
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International Conference on Infrared Astronomy and Astrophysical Dust (IRAAD - 2019)

The IRAAD - 2019 was held at IUCAA during October 22-25, 2019, and was attended by about 15 foreign
participants from Japan, France, Russia, USA, and Canada, and 70 participants from India, and they were
mainly PhD Students, Post-doctoral Fellows, and Faculty from Indian Institutes (IUCAA, 1IA, TIFR, ARIES,
SNBSC, ICSP, PRL, HIST, etc.), and several Indian Universities (Gorakhpur, Assam, Tezpur, Mahatma Gandhi,
Baroda, etc). There were 14 review talks, 27 contributory talks, and 28 posters. The posters summary was
reported by Jan Cami and Els Peeters, and the overall conference summary was made by Eric Herbst. Ranjan
Gupta (IUCAA), and Shantanu Rastogi (Gorakhpur University) were the coordinators of this conference.

(For details, see KHAGOL No. 121 January 2020)

Newton - Bhabha: Open Data (Indo — UK) Workshop

The joint Indo - UK Newton - Bhabha: Open Data Workshop was held at IUCAA during December 4-6,
2019. The main goal was to provide an opportunity for students, post docs and other academics
interested in gravitational waves, and who would look forward to do science with the LIGO-India
Observatory. There were 60 participants.

(For details, see KHAGOL No. 121 January 2020)
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Radio Astronomy Winter School

The twelfth edition of the Radio Astronomy Winter School
(RAWS) was conducted by the TLC of IUCAA along with the
National Centre for Radio Astrophysics (NCRA), Pune, during
December 16 - 24, 2019.

(For details, see KHAGOL No. 121 January 2020)

Second Indo-Chile  Astronomy
Dialogue

The 2nd Indo-Chile Astronomy Dialogue was
organized at IUCAA, during December 3 — 5,
2019.There were 30 participants, attended in
person, and through Skype. The dialogue was
coordinated at [IUCAA by Ranjan Gupta. (For
details, see KHAGOL No. 121 January 2020)

5th Asia Pacific Solar Physics Meeting

The 5th Asia Pacific Solar Physics Meeting was hosted at IUCAA during February 3 - 7, 2020. The
meeting was jointly organised by I[UCAA and the Indian Institute for Science Education and Research
(IISER), Pune. The meeting was co-sponsored by the Centre for Excellence in Space Science India
(CESSI), lISER-Kolkata; Indian Institute of Astrophysics (IIA), Bengaluru; Aryabhatta Research Institute of
Observational Sciences (ARIES), Nainital; Indian Institute of Science (l1Sc), Bengaluru; and the Indian
Space Research Organization (ISRO), Bengaluru.

(For details, see KHAGOL No. 122 April 2020)
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PUBLIC OUTREACH

Global Astronomy Month

On the occasion of the Global Astronomy Month (GAM), April 2019, IUCAA SciPOP team
organised themed public sky-gazing events on April 11 and 18, 2019. The event was coordinated
by Sonal Thorve.

(For details, see KHAGOL No. 119 January 2019)

Zero Shadow Day

On May 14, 2019, the Zero Shadow Day for Pune was celebrated in IUCAA. Along with the members of
IUCAA, the students of the Summer School and Vacation Students' Programme, and college/ university
teachers of Refresher Course enjoyed, and observed the shadows of themselves and objects around disappear
beneath their feet.

(For details, see KHAGOL No. 119 January 2019)
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School Students' Summer Programme and
Astronomy Camp

The annual School Students' Summer Programme and
Astronomy Camp was conducted during May 6 - 31, 2019,
at IUCAA. Thirty two students of classes VIII, IX and X,
from schools of Pune as well as from rural areas near
IUCAA Girawali Observatory (IGO) were invited to this
programme at Muktangan Vidnyan Shodhika, [UCAA.

(For details, see KHAGOL No. 119, July 2019)

Workshop on Basic Astronomy for Educators, at Agastya Foundation, Kuppam,
Andhra Pradesh

During the two-week long training programme for educators at Agastya Foundation, Kuppam, Andhra
Pradesh, a two day Workshop on Basic Astronomy was organised during May 10 - 11, 2019. About 50
educators in and around Mumbai were invited to participate in the programme. Sonal Thorve, Tushar
Purohit, Rupesh Labade and Maharudra Mate were the resource persons.

(For details, see KHAGOL No. 119, July 2019)

On April 26, 2019, a workshop on basic astronomy was
conducted at Smt. Patashibai Lunkad Blind School,
Bhosari, Pune. About 40 blind students from classes VI
to VIII enjoyed learning about our solar system and the
universe.

They could visualise the scales of the planet sizes using
inclusive model of the solar system. Neha Deshpande

and Sonal Thorve were the resource persons.

(For details, see KHAGOL No. 119 January 2019)

(123)



Annual Report 2019 - 20 |

Sally Ride Earth KAM, at New English School, Tilak Road,
Pune

Following the enthusiastic response from school students last year, the
IUCAA SciPOP team participated in the Sally Ride Earth KAM (Earth
Knowledge Acquired by Middle School Students), run by NASA this year
too, during May 10 - 12, 2019. The programme was coordinated by
Shivom Gupta.

(For details, see KHAGOL No. 119, July 2019)

Science Toys Workshops, at Ghodegaon, and at Vidnyan Ashram, Kothrud

A Science Toys Workshop for school students was held on May 6, 2019, at the New English School,
Ghodegaon. Around 150 students enjoyed learning basics of science with simple toys and experiments.
Rupesh Labade coordinated and conducted the workshop.

On May 21, 2019, a similar workshop, a session on telescopes and hands-on astronomy was organised at
Vidnyan Ashram, Kothrud, Pune. This was conducted by Rupesh Labade and Tushar Purohit.

(For details, see KHAGOL No. 119, July 2019)

Lecture on Celestial Sphere and Sky Map Reading, at Muktangan Exploratory

As part of the summer camps organised by Muktangan Exploratoty, Pune, a lecture on Celestial Sphere and
Sky Map Reading was delivered on May 21, 2019, by Samir Dhurde. About 50 school students attended and
enjoyed the session.

(For details, see KHAGOL No. 119, July 2019)

Teachers Training for Rural Schools near IGO

A two day workshop for secondary school teachers from
rural area in and around IUCAA Girawali Observatory was
held during July 29 - 30, 2019. On the first day, there were
demonstrations of science toys along with hands-on
activities related to the topics: sound and light. This was
followed by introduction to optics and telescopes with an
evening skywatching session. On the second day, there were
lectures on textbook astronomy, hands-on astronomy, and
role plays. The workshop was coordinated by Rupesh
Labade and Sonal Thorve.

(For details, see KHAGOL No. 120, October 2019)
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Telescope Making Workshops

IUCAA SciPOP in collaboration with Latur Science Centre, conducted a telescope making workshop during
April 15 - 18, 2019. Totally 195 small refracting telescopes were made by students of classes VI to XII under
the guidance of Tushar Purohit, who was the resource person from [UCAA.

During April 27 - 28, 2019, a similar telescope assembly workshop was organised at Pandit Deendayal
Petroleum University Astronomy Club, at Gandhinagar. The students assembled 15 reflecting telescopes.

During June 19 - 23, 2019, a telescope making workshop was organised at Kendriya Vidyalay, Bhopal, in
collaboration with Vigyan Prasar. Twenty larger (5 inch) reflecting telescopes were made by school teachers.

(For details, see KHAGOL No. 119, July 2019)

Astronomy Lecture, at Jyotirvidya Parisanstha

As part of the summer astronomy camp organised by Jyotirvidya Parisanstha, Pune, a lecture on Multi-
wavelength and Multi-messenger Astronomy was delivered by Samir Dhurde on May 3, 2019. On May 16,
2019 Shivom Gupta delivered a lecture on Exoplanets. Around 50 participants attended the camp.

(For details, see KHAGOL No. 119, July 2019)
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TMT Outreach Week, at Vigyan Samagam, Mumbai - from June 03 to 09

The team of outreach personnel from IUCAA were representing the LIGO-India and the Thirty Meter
Telescope (TMT) projects at the Vigyan Samagam Science Mega projects exhibition held at Mumbai during
May 27 - June 9, 2019.

(For details, see KHAGOL No. 119, July 2019)

State Level Children's Science Congress

IUCAA SciPOP was invited to the 27th State Level Children's Science Congress held during December
6 — 7, 2019, at Samarth Institute, Belhe, Maharashtra. Rupesh Labade coordinated the event. About
3,000 students participated and enjoyed learning science with toys. It was followed by sky-watching in
the evening. Around 350 people visited and experienced a delightful view of telescopic objects like
Moon and Saturn. Tushar Purohit and SonalThorve were the resource persons.
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Moon Landing Anniversary

On the occasion of the 50th anniversary of first human landing on the Moon, IUCAA SciPOP
organised a special event for school students on July 20, 2019. About 60 students from low
profit/under privileged schools visited IUCAA, and learnt about the Apollo missions, India's own
Chandrayaan missions, and had fun with activities like crater making, a photograph with the picture
of first human footstep on the moon.

(For details, see KHAGOL No. 120, October 2019)

Teachers' Training Programme, at Pimpri

IUCAA SciPOP personnel, with the help of Pimpri - Chinchwad Science Park, organised a teachers' training
programme at Pimpri - Chinchwad Science Park, Pimpri, on August 29, 2019, for science teachers. Sixty
teachers from different Zilla Parishad and Municipal Corporation schools participated enthusiastically in the
training programme. Rupesh Labade and Sonal Thorve coordinated and conducted the training.

(For details, see KHAGOL No. 120, October 2019)
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Teachers' Training Programme, at Satara

IUCAA SciPOP personnel, with the help of Rayat Shikshan Sanstha, Satara region, organised a teachers'
training programme during August 26 - 27, 2019, at Satara for science teachers from Zilla Parishad
schools. Sonal Thorve coordinated the programme. Rupesh Labade, Shivom Gupta and Maharudra
Mate were the resource persons.

(For details, see KHAGOL No. 120, October 2019)

Rural Outreach Events

During July - September 2019, science toys demonstrations and workshops were conducted at different
schools in different places, nearby 1GO. These schools were at Kanhur-Mesai, Nirgudsar, Pargaon, and
Manchar. Around 500 students from rural schools enjoyed learning science through toys. All the events were
coordinated and conducted by Rupesh Labade.

On September 3, 2019 a special session was conducted at Annasaheb Awte College, Manchar. The topic was
Unravelling Science through Experiments and Models. About 130 BSc students were present for this session.
This session was arranged by the college under Rayat Inspire Scheme. Rupesh Labade coordinated and
conducted the session.

IUCAA Rural Outreach team was invited to give a talk and demonstrations on Chandrayaan - 2 on September
7, 2019 at C.T. Bora College, Shirur. The talk included information about IUCAA Activities, Guidance on
Careers in Astronomy, and Exchange of Ideas with the students about the Chandrayaan - 2 landing and future
missions of India. About 200 students, teaching and non-teaching staff were present. Models designed and
built by Jyotirvidya Parisanstha, Pune were used for demonstration purposes. Rupesh Labade coordinated the
event with the help of Atharva Pathak.
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Teaching with Science Toys

A full day science toys workshop for volunteers was held on August
22, 2019. All the volunteers were given material kits to make 10 toys.
The topics: sound, optics, electricity, motion, force, work and energy
were covered in the session. Demonstrations of 20 to 25 toys were
given with a brief instruction on how to use these toys in teaching
textbook science and even more. The selected toys were connected
with the existing science curriculum of the classes 8, 9 and 10, which
would be helpful for the teachers and the volunteers in the classroom.
The workshop was coordinated by Shivani Pethe and Rupesh Labade.

(For details, see KHAGOL No. 120, October 2019)

LIGO India and TMT Outreach Week

The team of outreach personnel from IUCAA were representing the LIGO-India and the Thirty Meter Telescope
(TMT) projects at the Vigyan Samagam Science Mega projects exhibition at Bengaluru. With guidance from project
leaders, over the past few months, a set of ten posters, a collection of short films as well as some interactive and
live demonstrations have been put together by them. These are now a part of a grand pavilion showcasing Mega
projects having India in a major partnership. Many volunteers have also been trained to explain the posters and
exhibits to all visitors.

The special Outreach Week of LIGO-India, during August 13 - 17, 2019, was coordinated by Vaibhav Savant with
Ankit Bhandari and Rameshwar Bankar. The events included 5 talks for the general public and students by several
scientists. Live/interactive demonstrations like Space Quest, Black Hole Pong, Stretch and Squash, LIGO-in-your-
hands were arranged.

For celebrating the TMT Outreach Week, during September 17 - 21, 2019, Samir Dhurde (as coordinator), Shivani
Pethe and Rupesh Labade performed a special themed play combined with science demonstrations. It highlighted
the developments since the time of Galileo Galilei in a lucid and attractive manner via DIY optics experiments.
Everyone in the audience, especially school students, delved into the wonderful world of light and its properties
with Galileo himself joining them! (For details, see KHAGOL No. 120, October 2019)
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Pulastya Science Festival 2019

To commemorate the birth centenary of Late Shri Pu. La. Deshpande, November 8, 2019, Pulastya
Science Festival was organised during November 7 - 9, 2019. Around 1,500 people visited IUCAA on

this occasion.

(For details, see KHAGOL No. 121, January 2020)

Grabbing the opportunity of the Annular Solar Eclipse on
December 26, 2019, IUCAA SciPOP personnel arranged a
special session on December 15, 2019, for teachers on how to

, observe the eclipse. Samir Dhurde (IUCAA) delivered a talk on
the same topic. This was followed by a hands-on session by
. Geeta Mahashabde (Navnirmiti Learning Foundation, Pune).

| (For details, see KHAGOL No. 121, January 2020)
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Workshop on Basic Astronomy

The students and teachers of the Renaissance School,
Mansa, Punjab, participated in a two-day Workshop on
Basic Astronomy, conducted by [UCAA SciPOP
personnel at Mansa, during October 17-18, 2019. It
was the first such a workshop conducted in this place.
The workshop comprised of interactive sessions,
science toys demonstration, hands-on activities based
on observational astronomy and space sciences. Thirty-
two students and ten teachers participated in the
workshop. They were delighted to observe Moon using
a large telescope.

India International Science Festival

IUCAA participated in the India International Science
Festival (IISF), held at the Biswa Bangla Convention
Centre, Kolkata, during November 4 — 8, 2019. As a
part of the IISF - 2019, public sky-watching sessions
were organised. Tushar Purohit and Jameer Manur
(both from IUCAA) were the resource persons. Around
4,000 people participated in the activity. On November
7, a talk on Setting-up Low Cost Science Laboratories
was delivered by Shivani Pethe (IUCAA), with emphasis
on the importance of such laboratories in each school,
even for class 1 students. A guideline for all teachers to
setup such labs in their schools was also provided.
Around 450 teachers attended the talk.

INYAS Science Camp

Indian National Young Academy of Sciences, in
collaboration with IUCAA and D. Y. Patil Education
Society, Kolhapur, Maharashtra, organised the INYAS
Science Camp for school students during November 22
— 23, 2019, at Kolhapur. Science toys demonstration,
hands-on science, and hands-on astronomy were
covered in the sessions. Sonal Thorve, Shivani Pethe,
and Rupesh Labade (IUCAA) were the resource
persons. Around 180 school students participated in the
camp. Sonal Thorve coordinated the camp.

Jigyasa Science Exhibition

A science exhibition open for all was organised at IISER,
Pune, during December 19 — 20, 2019, by the Agastya
International Foundation in collaboration with 1ISER,
Pune and IUCAA SciPOP. Rupesh Labade was the
resource person, who coordinated the telescope
making activity. There were 200 student participants,
and round 2,000 people visited the exhibition.

(131)

Annular Solar Eclipse
Different Parts of India

Viewing at

On the occasion of the Annular Solar Eclipse, a
camp was jointly organised during December 25
— 26, 2019, at Coimbatore, Tamil Nadu, by the
Vigyan Prasar of the Government of India and
Jyotirvidya Parisansth, Pune. The participants
were 180 teachers from different parts of India.
Rupesh Labade and Maharudra Mate volunteered
in the camp. As a part of the [IUCAA Workshop
on Science of the Star in our Backyard, held at St.
Mary's College, Sulthan Bathery, Kerala, [UCAA
SciPOP organised the Annular Solar Eclipse
viewing for the general public on December 26,
2019. Samir Dhurde and Sonal Thorve were the
resource persons.

The eclipse was viewed using safe solar eclipse
goggles. Observation session was followed by an
interactive talk on the eclipses delivered by Samir
Dhurde. Jameer Manur and team observed the
Annular Solar Eclipse from Kasaragod, Kerala.
The weather permitted the team to observe and
capture annularity of the eclipse.

Telescope Making Workshops

IUCAA SciPOP in collaboration with Vigyan
Prasar conducted two Telescope Making
Workshops at Navodaya Vidyalayas, Kamrup,
Assam, during October 30 - November 4, 2019,
and at Kendriya Vidyalaya, Gomtinagar,
Lucknow, Uttar Pradesh, during November 18 —
22, 2019. Tushar Purohit was the resource person
in these workshops.

Teachers' Training

A two-day training for secondary school teachers
from rural area in and around IUCAA Girawali
Observatory was held during December 14-15,
2019. The session was followed by a visit to
IUCAA Girawali Observatory, at which sky-
watching session was arranged. The second day
was focused on the Annular Solar Eclipse that
was going to be on December 26, and was
observable from India.

This included hands-on activities and role play
sessions. The training was coordinated by Rupesh
Labade.
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The Annular Solar Eclipse observation and its live streaming was viewed throughout the country on
December 26, 2019. At IUCAA, there was an overwhelming response from general public during the
interactive sessions conducted by Surhud More (IUCAA) and team. Due to the cloudy sky, they were
shown live streaming of the eclipse from different parts of the world. The general public enjoyed the

programme even when they could not get an actual glimpse of the eclipse.

KHAGOL No. 121, January 2020)

IAUS 358, Conference on Astronomy for
Equity, Diversity and Inclusive

The conference consisted of intensive panel
discussions and presentations regarding the climate
of inclusion in astronomy, the advantages and efforts
taken by astronomers globally to make astronomy
diverse and inclusive.

(For details, see

Science Toys Demonstration

For the students of classes 6 to 10, a Science Toys
Demonstration was conducted at TBM Finishing
School LLP at Otur, Maharashtra, on October 26,
2019, by Rupesh Labade. Around 80 students
enjoyed the demonstration.

Neha Deshpande (IUCAA) presented the efforts
IUCAA SciPOP is taking in making astronomy
inclusive. She was invited to chair a discussion
session about the astronomy for equity.

Along with a lot of statistics and efforts to bring about
a positive change in society by experts, Deshpande
concurred  that an  open  dialogue  and
acknowledgement of the diversity in abilities of
people is perhaps the key to the climate of
inclusivity.

Science Exhibition

A Science Exhibition for Ambegaon Taluka schools
was organised at Girawali, Maharashtra, by the Zilla
Parishad, during December 3 — 4, 2019. Fifty
schools nearby IUCAA Girawali Observatory
participated in the exhibition. IUCAA SciPOP was
invited to present science toys and the telescope
demonstrations. Rupesh Labade was the resource
person. Around 1,900 students visited and enjoyed
the exhibition.
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Science Toys Demonstrations in Schools, Pune

From January to March, 2020, Rupesh Labade (IUCAA) organised and conducted science toys
demonstrations at different schools in and around Pune. These include Novel Junior College,
Chinchwad; Mabharshi Karve Vidyalay, Pune; and Mahilashram High School, Pune. Around 300

students benefited from this activity.

(For details, see KHAGOL No. 122, April 2020)

Telescope Assembly Workshop

BITS - Pilani, Hyderabad organised a telescope
assembly workshop during January 18 - 19, 2020.
Tushar Purohit and Atharva Pathak were the resource
persons from IUCAA.

Teachers Training, Silvassa

A training event for teachers from all the Government
schools of the Union Territory of Dadra-Nagar Haveli
was organised by the Office of Education, DNH on
January 30, 2020. Sonal Thorve and Atharva Pathak
were the resource persons from IUCAA.

Telescope Making Workshops

IUCAA SciPOP in collaboration with Vigyan Prasar,
New Delhi, conducted a Telescope Making
Workshop at Navodaya Vidyalayas, Hyderabad,
during July 5-22,2019.

Tushar Purohit was the resource person. Totally 41
large (5 inch) reflecting telescopes were made by
school teachers and students.

Workshop on Annular Solar Eclipse

On the occasion of upcoming solar eclipse on
December 26, 2019, that will be visible from most
parts of India, a workshop was organised during
September 27 - 28, 2019, by KPRIET, Coimbatore in
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association with Galilio Science Club and IUCAA
SciPOP. During the workshop, a guest lecture on
'Solar Eclipse and How to Observe it Safely' was
delivered by Sonal Thorve.

The activities involved: understanding Moon's
phases and  eclipses using  role-play,
understanding  time-zones  using  role-play,
making of a ball-mirror projector to observe the
Sun safely. Observing the Sun using other
projection methods was also demonstrated.

o

Other Regular Events

During April 2019 to March 2020 the Public
Outreach team has conducted 11 science toys
workshops, 6 basic astronomy workshop, 30
campus visits, and 3 sky-watch sessions with an
approximate reach to about 2,250 people.
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National Science Day Celebrations - 2020

Taking the advantage of the leap year 2020, IUCAA extended the celebration of the National Science Day
during February 28 - 29. The two-day celebrations attracted numerous groups of students along with teachers,
parents and public, who came from around Pune and other parts of Maharashtra. Like every year, IUCAA
observed the enthusiasm of people to associate better with Science and Scientists.

Short talks on Cosmology, Gravitational Waves, Next Generation Radio Astronomy, and Understanding the
Universe through Large Optical Telescopes were delivered by Swagat Mishra and Sujatha Ramakrishnan,
Sayantani Bera, Pratik Dabhade and Ashish Mhaske, and Siddharth Maharana, respectively, which kept the
audience rooted in the Chandrasekhar Auditorium during the morning session. These sessions were
coordinated by Sujatha Ramakrishnan and Swagat Mishra.

There were events for school students prior to the open day. IUCAA Public Outreach personnel conducted a
science quiz, along with essay writing, and drawing competitions for the rural students of the Ambegaon
Taluka on February 01, 2020.

All the public talks and Ask a Scientist session were streamed live and are available at:
https://www.youtube.com/iucaascipop. A special walkthrough of the National Science Day at IUCAA was
made by Ishan Shinde with the help of Shashank Tarphe.
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IUCAA - NCRA GRADUATE SCHOOL

PH.D. PROGRAMME

During the year of this report, five IUCAA Research Scholars namely: Kabir Chakravarti (Guide:
Sukanta Bose), Niladri Paul (Guide: Aseem Paranjape), Karthik Rajeev (Guide: Aseem Paranjape),
Shabbir Isak Shaikh (Guide: Tarun Souradeep), Javed Rana Sk. (Guide: Sukanta Bose) have defended
their Ph.D. theses. Their Ph.D. degrees have been awarded by the Jawaharlal Nehru University, New
Delhi. The synopses of their theses are given below :

Kabir Chakravarti

Improving the Observation Aspects of Neutron
Star Binaries Through Better GW Modeling

In a series of events, Gravitational Waves (GWs) were discovered by LIGO first from Binary
Black Holes (BBH), and thereafter along with VIRGO from Binary Neutron Stars (BNS). These
discoveries have put Einstein’s General Theory of Relativity (GTR) on a firmer footing and ushered
in the era of GW astronomy. As the sensitivities of the detectors improve, we can hope to obtain
more and more precise data of the GW signal itself. Such data provide at least a twofold advantage.
On one hand, they can be fed into data analysis pipelines to yield accurate information about the
source. On the other hand, the data can also be used to test GTR or constrain modified gravity
theories.

The tidal Love number is a very crucial parameter when it comes to understanding the physics
of NSs through the GWs their binaries emit. This number has been found to leave imprints in
both the amplitude and the phasing of the GW signal which become appreciable from the late
inspiral phase upto the merger. So far as the physics of the merger is concerned, the first and
foremost, the Love number is an important observational window into the presently ill understood
Equation of State of extremely high density (10'5 g/cc) material which forms the composition of
NSs. Additionally, Love numbers are also sensitive to any deviation (of the underlying theory) from
the GTR. Any modification to the theory will automatically mean a change in the equations for
computing the Love number, making the constraining of this number a hot test bed for alternate
scenarios to 4d Einstein gravity. Further, from the perspective of data analysis, it is also imperative
to have estimates of statistical and systematic errors associated with the estimation of the Love
number.

The thesis presented here covers broad ground, involving phenomenology, data analysis and
theory. To begin with, we try to understand systematic errors associated with the estimation of
the Love number from GW observations. Any systematic error present in the estimation of the
Love number interferes with the predictability of the Love number, thereby making such error
analysis extremely important. We were one of the first to study the systematic errors in the Love
number with two different families of tidal templates using numerical waveforms obtained from two
independent numerical codes. Next, we investigated the GW waveforms from double NS binaries
in the postmerger regime. Our aim in this work was to compute statistical errors on the radii
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of NSs using postmerger waveforms alone. Once again, we were one of the first to perform this
calculation using analytical fits to the postmerger waveforms from numerical relativity codes.

We then moved on to the theoretical aspects of the Love number. Specifically, we wanted to
observe the effects in the GW signal had there been the presence of an extra spacelike dimension.
As we know, the models of extra dimensions were invoked to solve the gauge hierarchy problem
in gravity, and also in String Theory. We computed Love numbers in a simple extra dimension
scenario, before moving on to observationally constraining an extra dimension parameter .

Yet another anticipated observational feature is the Quasi Normal Modes (QNM) of a BH - which
are rapid oscillations of a remnant for some time following the process of a compact binary merger.
The spectrum of the oscillations reveal distinct frequency peaks, which correspond to different
modes of oscillation. Specifically, for a BH these modes are also sensitive to the dimensionality of
the problem. We computed QNM of BH in extra dimensions, in an effort to distinguish from those
corresponding to 4D Einstein gravity, and found them to be different, which may be testable in
future detectors.
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Niladri Paul

Analytical and Semi-Numerical Techniques for
Next Generation Observations of LSS

Large scale structure (LSS) is a well-developed but still rapidly growing field of cosmology start-
ing from early 70s. On very large scales, the structure can be explained using linear perturbation
theory [Mukhanov et al., 1992]. As one moves to smaller scales, higher order perturbation theories
[Bernardeau et al., 2002, Shandarin and Zeldovich, 1989] and other non-linear theories, e.g., Peaks
theory [Bardeen et al., 1986], Ellipsoidal collapse [Bond and Myers, 1996], Excursion set [Zentner,
2007], Halo model [Cooray and Sheth, 2002] and so on, become important. Eventually full N-body
simulations [Barnes and Hut, 1986, Springel, 2005, Teyssier, 2002, Vogelsberger et al., 2014a,b]
become essential to interpret the sophisticated cosmological data that we have today from SDSS,
BOSS, PRIMUS, Pan-STARRS, UKIDSS, VIPERS ! etc., and that will be available from the
upcoming surveys like SKA, EUCLID, LSST 2 etc.

In the standard picture, galaxies form and live inside dark matter halos. The clustering of
galaxies primarily depends on the mass of the halos they reside. To understand the formation and
evolution of in a precise way, LSS it is important to model the effect of them. To do that one needs
to approach the problem in several steps.

In the standard ACDM model, dark matter halos are building blocks of the structure of the
universe we see today. So at first, one needs to model the clustering of halos which are biased
tracers of the underlying dark matter density field. It has been seen in N-body simulations that
this bias of halos depends on quantities other than halo mass such as halo formation history and
halo concentration [Desjacques, 2008, Fakhouri and Ma, 2010, Gao et al., 2005, Hahn et al., 2009,
Ramakrishnan et al., 2019, Sheth and Tormen, 2004, Tinker et al., 2005, Wechsler et al., 2006].
One needs to take into account all these effects in a systematic way when modelling the clustering
of the halos. Another important thing to keep in mind is the halo exclusion [van den Bosch et al.,
2007, 2013] which is the fact that two halos cannot come nearer than a certain distance, also has
a significant contribution towards the clustering of halos.

Once the clustering of halos is properly modelled, one needs to understand the formation and
distribution of galaxies inside those halos. There are many ways to do that. One of the popular
techniques is semi-analytical modelling of galaxy formation [Gonzalez-Perezet al., 2018, Lacey et
al., 2016, Zoldan et al., 2017], where researchers use simplified mathematical formulae to under-
stand the baryonic processes affecting galaxy evolution, happening inside halos, e.g., star formation,
supernovae feedback, AGN feedback, gas cooling, tidal stripping etc. Alternatively, one can sta-
tistically model the mapping between dark matter and galaxies assuming the halo model [Cooray
and Sheth, 2002] using the Halo Occupation Distribution (HOD) [Berlind and Weinberg, 2002] or
conditional luminosity function (CLF) approaches [Cacciato et al., 2013, Yang et al., 2008]. In the
HOD formalism adopted in this thesis, one prescribes a statistical routine about how to populate
the halos with galaxies depending on the halo and galaxy properties [Scoccimarro et al., 2001,
Seljak, 2000]. It has been seen that it is necessary to split the galaxy population into centrals and
satellites to describe both the correlation and abundance data of the galaxies accurately [Berlind
et al., 2003, Vale and Ostriker, 2004, Yang et al., 2003, Zehavi et al., 2005, Zheng, 2004].
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In this thesis, we discuss the halo model to address some questions in galaxy formation and
evolution, and also discuss ways to improve the existing halo model. First, we applied the halo
model within the order statistics framework to explore the possibility of reducing the number of
parameters. We then applied the halo model to make a connection between optical properties and
HI mass of the SDSS and ALFALFA galaxies. While doing these, we realised that there was room
for significant development of the halo model and recalibration of the standard HOD parameters.
We explored that in our third project. A brief description of the works is mentioned below.

Ihttp://www.sdss.org/, https://www.sdss3.org/surveys/boss.php, http://primus.ucsd.edu/,
http://pan-starrs.ifa.hawaii.edu/public/, http://www.ukidss.org/, http://vipers.inaf.it/
2https://www.skatelescope.org/, http://www.euclid-ec.org/, https://www.lsst.org/

Applying halo model to order statistics

There is a long debate in the literature whether the central galaxies in a cluster are special or
just happen to be statistically the brightest galaxy in a group [Bhavsar and Barrow, 1985, Dobos
and Csabai, 2011, Loh and Strauss, 2006, Schechter and Peebles, 1976, Tremaine and Richstone,
1977, Vale and Ostriker, 2008]. We used the halo model to explore the implications of assuming
that galaxy luminosities in groups are randomly drawn from an underlying luminosity function.
We showed that even the simplest of such order statistics models one in which this luminosity
function p(L) is universal naturally produces several features associated with previous analyses
based on the central plus Poisson satellites hypothesis. These include the monotonic relation of
mean central luminosity with halo mass, the Lognormal distribution around this mean, and the
tight relation between the central and satellite mass scales. In stark contrast to observations of
galaxy clustering, however, this model predicts no luminosity dependence of large scale clustering.
We then show that an extended version of this model, based on the order statistics of a halo
mass dependent luminosity function p(L—m), is in much better agreement with the clustering
data as well as satellite luminosities, but systematically under-predicts central luminosities. This
brings into focus the idea that central galaxies constitute a distinct population that is affected
by different physical processes than are the satellites. We model this physical difference as a
statistical brightening of the central luminosities, over and above the order statistics prediction.
The magnitude gap between the brightest and second-brightest group galaxy is predicted as a
by-product and is also in good agreement with observations. We propose that this order statistics
framework provides a useful language in which to compare the halo model for galaxies with more
physically motivated galaxy formation models.

Applying halo model for understanding the distribution of neutral hy-
drogen inside dark matter halos

Modelling the distribution of neutral hydrogen (Hj ) in dark matter halos is important for studying
galaxy evolution in the cosmological context. The number of Hj -selected galaxies has become quite
substantial in recent years [Saintonge, 2007, Zwaan et al., 2003, 2005 a,b], and there has been a long
effort in the community in exploring statistical techniques like halo model can be naturally extended
to understand the H properties of galaxies [Padmanabhan and Kulkarni, 2017, Padmanabhan and
Refregier, 2017, Padmanabhan, et al., 2016, 2017, Wyithe and Brown, 2010, Wyithe et al., 2009].

We used a novel approach to infer the Hi-dark matter connection at the massive end (mpgy >
9.8My) from radio Hy emission surveys, using optical properties of low-redshift galaxies as an in-
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termediary. In particular, we used a previously calibrated optical HOD describing the luminosity
and colour-dependent clustering of SDSS galaxies and described the Hy content using a statistical
scaling relation between the optical properties and Hy mass. This allows us to compute the abun-
dance and clustering properties of Hi-selected galaxies and compare with data from the ALFALFA
survey. We apply an MCMC-based statistical analysis to constrain the free parameters related to
the scaling relation. The resulting best-fit scaling relation identifies massive H; galaxies primarily
with optically faint blue centrals, consistent with expectations from galaxy formation models. We
compared the Hy -stellar mass relation predicted by our model with independent observations from
matched Hr-optical galaxy samples, finding reasonable agreement. As a further application, we
make some preliminary forecasts for future observations of H; and optical galaxies in the expected
overlap volume of SKA and Euclid/LSST.

Global analysis of luminosity and colour-dependent galaxy clustering in
SDSS

There had been existing calibrations of Halo Occupation Distribution (HOD) in light of luminosity
[Guo, et al., 2015, Zehavi, et al., 2011] and colour dependent clustering [Skibba and Sheth, 2009,
Zentner et al., 2014, 2019] data. However, most of these calibrations suffer from the fact that they
do not take into account the correlations between galaxy samples of different luminosity thresholds.

We presented HOD analysis of the luminosity- and colour-dependent galaxy clustering in the
Sloan Digital Sky Survey, using a combination of clustering measurements in luminosity bins to
perform a global likelihood analysis, simultaneously constraining the HOD parameters for a range
of luminosity thresholds. We presented simple, smooth fitting functions, which accurately describe
the resulting luminosity dependence of the best-fit HOD parameters. To minimise systematic halo
modelling effects, we used theoretical halo 2-point correlation functions directly measured and tab-
ulated from a suite of N-body simulations spanning a large enough dynamic range in halo mass
and spatial separation. Thus, our modelling correctly accounted for non-linear and scale-dependent
halo bias as well as any departure of halo profiles from universality, and we additionally accounted
for halo exclusion using the hard sphere approximation. Using colour-dependent clustering infor-
mation, we constrained the satellite galaxy red fraction in a model-independent manner which does
not rely on any group-finding algorithm. We found that the resulting luminosity dependence of
the satellite red fraction was significantly shallower than corresponding measurements from galaxy
group catalogues, and we provided a simple fitting function to describe this dependence. Our fit-
ting functions are readily usable in generating low-redshift mock galaxy catalogues, and we discuss
some potentially interesting applications as well as possible extensions of our technique.

Conclusion

In the light of recent and upcoming data, halo model plays an important role in statistically
understanding the galaxy formation and evolution process. Starting from the vanilla halo-mass
only flavour, it is now being extended to include different higher order effects of structure formation
to explain the observational data up to a few percent level accuracy. There is still room for
improvement of the halo model both in the case of galaxies and gas. Our work on Hy halo model
can be easily extended to incorporate the more accurate calibrations of optical HODs done in
our recent work. To apply our new HOD calibrations to H; halo model, we need to extend
our calibrations towards fainter magnitudes. This work which is in progress, we use a hybrid
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model combining analytical and direct simulation-based halo statistics at suitable scales. With the
upcoming surveys, it will be possible to measure the higher-order statistics of Hy galaxies with far
better accuracy. With those precision measurements, one can further improve the halo model of
gas to better understand the formation and evolution history of galaxies. We are also planning to
extend our halo model of galaxies and gas to incorporate the effects of tidal environments in the
cosmic-web, which is going to play a crucial role in the upcoming era of big data.
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Karthik Rajeev

Aspects of Semi-Classical Limit and the Backreaction Problem

The semi-classical limit of a quantum mechanical system, in this thesis, refers to the limit in
which one part of the system is effectively described by a classical theory while the other is treated
quantum mechanically.

There are several scenarios in physics where the semi-classical analysis is directly applicable and
relevant. In this thesis, we focus on some of the important applications, which may be broadly
classified into two classes: one in which the effectively classical part is the electromagnetic field,
and the other in which the same is gravity. For instance, the former class includes the Schwinger
effect; the theoretical prediction that in the presence of a constant electromagnetic field (which
is treated classically), the vacuum decays via production of particle-antiparticle pairs. On the
other hand, the cases in which gravity is treated as the classical part include Hawking radiation
and particle production in expanding universe. While in the case of Schwinger effect, we have
a mathematically consistent quantum theory that describes the whole system (electromagnetic
field and the electron/positron), namely quantum electrodynamics (QED), there is no satisfactory
quantum theory that incorporates gravity. Therefore, besides being an important area of research
on its own, lessons can be learned from investigating Schwinger effect that may eventually shed
light on more complicated scenarios, including the realization of a quantum theory of gravity.

The dynamics of the classical part is inherently affected by quantum fluctuations of the quantum
mechanical part of the system, which it interacts with and leads to certain “quantum” modifications
of the classical equation of motion. These modifications are generally in the form of expectation
values or matrix elements of the appropriate quantum operators. However, among several other
unresolved issues in this approach, it is not at all certain in which states this expectation value or
matrix element should be evaluated and this has lead to several prescriptions for calculating the
backreaction term leading to the ‘backreaction problem’ in semi-classical physics.

Often, we find that there are several mathematical similarities in the analysis of a class of
different semi-classical systems. In particular, we shall see that quantum dynamics of a time
dependent harmonic oscillator (TDHO) plays an important role in the study of particle production
in a homogeneous and isotropic expanding universe as well as that in a homogeneous but time
dependent electric field. Hence, in this thesis, several aspects of TDHO have been revisited. In
particular, a novel approach proposed in the literature recently to study TDHO has been used
to gain new insights that can be applied to the study of particle production and the associated
backreaction.

A natural generalization of the Schwinger effect, which is referred to in the thesis as the ‘gen-
eralized Schwinger effect’, corresponds to the phenomenon of production of charged particle pairs
from the vacuum, in the presence of a spatially homogeneous and time-dependent electric field.
An important feature of the case of constant electric field is that, the mean number of pairs which
are produced depends on the electric field and the coupling constant in a non-analytic manner,
showing that this result cannot be obtained from the standard perturbation theory of quantum
electrodynamics. When the electric field varies with time and vanishes asymptotically, the result
may depend on the coupling constant either analytically or non-analytically. We investigate the
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nature of this dependence in several specific contexts. We have shown that the dependence of par-
ticle production on coupling constant is non-analytic for a class of time-dependent electric fields,
with the leading order non-analytic behaviour being controlled by a specific parameter which can
be identified. We also demonstrate that, for another class of electric fields, which vary rapidly,
the dependence of particle production on coupling constant is analytic. Finally, we describe what
happens to these results when we go beyond the leading order, using some specific examples.

Following our analysis of generalized Schwinger effect, we compare several aspects of (a) particle

production in a time dependent electric field with (b) particle production in an expanding Fried-
mann background. We provide an algebraic mapping between the differential equations describing
particle production in these two cases. This mapping allows a precise comparison between (a) and
(b), and we highlight several interesting features of both cases using this approach. We determine
the form of the (equivalent) electric field corresponding to different Friedmann spacetimes and
discover, for example, a time-dependent electric field, which in a specific limit, leads to a Planck
spectrum of particles. We also discuss the conditions under which the particle production in an
expanding background will be non-analytic in the parameter, which encodes the coupling to the
curved spacetime, in close analogy with our analysis of the generalized Schwinger effect. We also
study the situation in which both time dependent electric field and an expanding background are
simultaneously present. We compute particle production rate in this context by several different
methods paying special attention to its limiting forms and possible non-analytic behaviour. We
also clarify several conceptual issues related to definitions of in-vacuum and out-vacuum in these
systems.

As we have alluded before, a TDHO, i.e., a harmonic oscillator ¢(t) with time-dependent mass
m(t) and a time-dependent (squared) frequency w?(t) occurs in the modelling of several physical
systems including the cases mentioned above. It is generally believed that systems with m(t) > 0
and w?(t) > 0 (normal oscillator) are stable while, systems with m(t) > 0 and w?(¢) < 0 (inverted
oscillator) are unstable. However, we show that it is possible to represent the same physical system
either as a normal oscillator or as an inverted oscillator by a redefinition of dynamical variables.
While we expect the physics to be invariant under such redefinitions, it is not obvious how this
invariance actually comes about. We study the relation between these two — normal and inverted
— representations of an oscillator in detail, both in Heisenberg and Schrdinger pictures to clarify
several conceptual and technical issues. The situation becomes more involved when the quantum
oscillator ¢(t) is coupled to another (semi) classical degree of freedom, say C(t), and we want to
consider the backreaction of the quantum system ¢(¢) on C(t), in the semi-classical approximation.
We provide a simple prescription for the backreaction based on energy conservation, and study
the dynamics of the full system in both normal and the inverted oscillator representation. This
backreaction equations governing the semi-classical dynamics of C(t) obtained in this approach
coincide with the so-called ‘in-in’ prescription for backreaction. Under a transformation from
normal to inverted oscillator representation of the quantum system, the physics remains invariant,
as is desired, but there are some extra subtleties which we clarify. The implications of these results
for quantum field theory in cosmological backgrounds are also discussed briefly.

The backreaction prescription that we have just motivated, based on energy conservation can
also be derived from the Heisenberg equation of motion for C' by replacing any operator that acts
on the Hilbert space associated with g by its expectation value in the so-called ‘in-vacuum’ of q.
This approach may seem rather ad hoc, but it can actually be given a more formal foundation.
So we reformulate this approach by considering the quantum evolution of a TDHO along contours
in complex t—plane. We first provide a simple derivation of the differential equation for the
functional determinant, appearing in the path integral propagator for this system. Following this,
the backreaction equation for a classical variable C' coupled to the TDHO is obtained directly from
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the path integral formalism. It is explicitly shown that when the contour corresponds to that of the
Schwinger-Keldysh formalism, one retains the ‘in-in’ backreaction equation. For another choice of
contour, one obtains the ‘in-out’ backreaction equation.

The vacuum fluctuations of the quantum mechanical part of a system, which are relevant in the
semi-classical analysis, is encoded in the quantum correlators, viz., Feynman propagator, Whitman
function, etc. However, in the presence of a general classical background, the notion of a unique
vacuum for the quantum field ceases to exist. Different choice of vacua, in general, lead to com-
pletely different physics. The quantum correlators can be used to compare the different physical
properties of such inequivalent vacua. We next take up the study of these aspects.

In flat spacetime, two inequivalent vacua states, which arise rather naturally are the Rindler
vacuum |R) and the Minkowski vacuum |M). We discuss several aspects of the Rindler vac-
uum, concentrating on the propagator and Schwinger (heat) kernel defined using |R), both in the
Lorentzian and Euclidean sectors. We start by exploring an intriguing result (due to Candelas and
Raine), viz., that G g, the Feynman propagator corresponding to |R), can be expressed as a curious
integral transform of G, the Feynman propagator in |M). We show that this relation actually
follows from the well-known result that, Ga; can be written as a periodic sum of G g, in the Rindler
time 7, with the period (in proper units) 27wi. We further show that the integral transform result
holds for a wide class of pairs of bi-scalars { Fys, Fr}, provided Fjs can be represented as a periodic
sum of Fr with period 27i. We provide an explicit procedure to retrieve Fr from its periodic sum
Fyy, for a wide class of functions. An example of particular interest is the pair of Schwinger kernels
{Kn, Kgr}, corresponding to the Minkowski and the Rindler vacua. We obtain explicit expression
for Kr and clarify several conceptual and technical issues related to these biscalars both in the
Euclidean and Lorentzian sector. In particular, we address the issue of retrieving the information
contained in all the four wedges of the Rindler frame in the Lorentzian sector, starting from the
Euclidean Rindler (polar) coordinates. This is possible but requires four different types of analytic
continuations, based on one unifying principle. Our procedure allows generalization of these results
to any (bifurcate Killing) horizon in curved spacetime.

Following our analysis of quantum field theory in flat spacetime, we discuss several aspects of
quantum field theory of a scalar field in a Friedmann universe. We begin by showing that it is
possible to map the dynamics of a scalar field with a given mass, in a given Friedmann background
to another scalar field of a different mass in another Friedmann universe. In particular one can
map the dynamics of (i) a massless scalar field in a universe with power-law expansion to (ii) a
massive scalar field in the de Sitter spacetime. This allows us to understand several features of
either system in a simple manner and clarifies several issues related to the massless limit. We
relate the Euclidean Greens function for the de Sitter spacetime to the solution of a hypothetical
electrostatic problem in D = 5 and obtain, in a very simple manner, a useful integral representation
for Greens function. This integral representation is helpful in the study of several relevant limits
and in recovering some key results which are —though known earlier— not adequately appreciated.
One of these results is the fact that, in any Friedmann universe sourced by a negative pressure fluid,
the Wightman function for a massless scalar field is divergent. This shows that the divergence of
Wightman function for the massless field in the de Sitter spacetime is just a special limiting case
of this, more general phenomenon.

Another useful quantity in the study of quantum fields in a Friedmann universe is the power
spectrum of quantum fluctuations. We provide a generally covariant procedure for defining the
power spectrum of vacuum fluctuations in terms of the different Killing vectors present in the
spacetime. This allows one to study the interplay of the choice of vacuum state and the nature of
the power spectrum in different coordinate systems in the de Sitter universe in a unified manner.
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As a specific application of this formalism, we discuss the power spectra of vacuum fluctuations
in the static (and Painlev) vacuum states in the de Sitter spacetime, and compare them with the
corresponding power spectrum in the Bunch-Davies vacuum. We demonstrate how these power
spectra are related to each other in a manner similar to the power spectra detected by the inertial
and Rindler observers in flat spacetime. This also gives rise to a notion of an invariant vacuum noise
in the corresponding spacetimes which is observer independent. In addition, several conceptual
and technical issues regarding quantum fields in general cosmological spacetimes are clarified as a
part of this study.

A brief chapter-wise summary of the thesis is given below:

1. Chapter 1 is the introductory part, comprising the motivation of the thesis and a review of
some necessary background material.

2. In Chapter 2, generalized Schwinger effect is studied. We investigate the nature of dependence
of the mean number of pairs produced on the electric field strength and the coupling
constant, in several specific cases. We have shown that for a class of electric fields, the non-
analytic behaviour, at the leading order, is controlled by a single parameter which occurs in
the theory.

3. In Chapter 3, we introduce an algebraic correspondence between particle production in (a)
time dependent electric field, and (b) expanding Friedmann background. This mapping is
applied to different interesting special cases of time dependent electric field /scale factor.

4. In Chapter 4, we show that when a physical system can be represented by a TDHO, by a
redefinition of dynamical variables, it is possible to represent the same system either as a
normal oscillator or as an inverted oscillator. The implication of this on the backreaction
problem is analysed.

5. In Chapter 5, we describe the path integral description of a TDHO evolving along a com-
plex time contour. We demonstrate that this description allows us to derive both ‘in-in’
and ‘in-out’ backreaction prescriptions in a unified manner from the standard path integral
formalism.

6. In Chapter 6, the Schwinger kernel as well the Feynman propagator of the Rindler vacuum
in flat spacetime are explored both in the Euclidean and Lorentzian sector. We have also
demonstrated that the origin of an intriguing relation between Feynman propagator in the
Rindler vacuum and that in the Minkwoski vacuum, due to Candelas and Raine, is the
thermal nature of the latter in relation to the former.

7. In Chapter 7, we discuss several aspects of quantum field theory of a scalar field in a Fried-
mann universe. In particular, we investigate the divergence or well-behavedness of Wightman
function for the massless field. Our study shows that the divergence of Wightman function
for the massless field in the de Sitter spacetime is a special case of a general phenomenon.

8. In Chapter 8, we provide a covariant, geometric procedure for defining the power spectrum
of the vacuum fluctuation in terms of Killing vector field of the spacetime. Application of
this formalism to Friedman universe is provided.

9. We conclude the thesis with Chapter 9, wherein we provide the summary and present the
future outlook.
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Shabbir 1. Shaikh

Study of Cosmic Microwave Background:
74 - Anomalies and Weak Lensing

Cosmic Microwave Background (CMB) is one of the cleanest probes available to study the
universe. The physics governing the generation of CMB and its anisotropies is well understood.
Many ground-based, balloon-borne, and space-borne experiments have studied CMB temperature
and polarization anisotropies. These studies, combined with other cosmological probes, have given
a broadly consistent picture of our observable universe described by the ACDM model of the
universe.

Statistical homogeneity and statistical isotropy (SI) of the universe are two underlying assump-
tions of cosmology. Measurements of CMB by all-sky, space-based CMB missions, WMAP and
Planck, have been used to test the hypothesis of SI of CMB fluctuations. These analyses have shown
that there are anomalous features in CMB temperature anisotropy data that do not conform to
our assumptions or expectation. One of the anomalies referred to as the Cosmic Hemispherical
Asymmetry (CHA), is a telltale sign of departure from SI that manifests as a dipolar breakdown
of statistical isotropy. In this thesis, we use the Bayesian inference to explore the nature of CHA.
We also assess the possible connection between CHA and another anomaly, Power Suppression,
the putative lack of large scale power in the temperature data compared to what is expected in
the concordance model.

CMB temperature anisotropy measurements by Planck are limited by cosmic variance up to
multipoles [ &~ 1500 (~ 5 arcmin angular scale). However, the measurements of CMB polarization
anisotropies have not attained this status. Especially, the primordial B-mode polarization signal,
which is an important evidence for the models of inflation, has not been detected yet. Various
other signals of astrophysical and cosmological origin act as a contaminant to the primordial B-
mode signal. B-mode polarization signal from galactic dust and the B-mode signal introduced
by the lensing of CMB photons form a major part of B-mode signal observed by the instrument.
While it is important to understand non-primordial B-mode signatures to recover the primordial
B-mode signal, these are also interesting in their own right. Weak lensing of CMB photons by
large scale structure probes the integrated mass density between the current epoch and the epoch
of the last scattering of CMB. A stochastic gravitational wave background (SGWB) also affects
the CMB anisotropies via weak lensing. Unlike weak lensing due to large scale structure, which
at linear order only deflects photon trajectories, an SGWB has an additional effect of rotating the
polarization vector along the trajectory even at linear order. We explore the nature of this effect
and use it to constrain SGWB.
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Javed Rana Sk.

Strategies for Searches of Electromagnetic Counterparts
of Gravitational Wave Signals

Multi-messenger astronomy has begun with the recent observation of the binary neutron star
merger event GW170817 in the electromagnetic spectrum and with gravitational wave (GW) radia-
tion. Many new discoveries related to GWs are yet to happen. Worldwide, a significant investment
has been made in programmes (e.g., BlackGem, GOTO, ZTF/GROWTH, VLA, GMRT, ATCA,
Swift, Fermi, INTEGRAL, etc.) dedicated to the search for the electromagnetic counterparts of
GW sources. At the same time, the electromagnetic follow-up of compact binary mergers like
GW170817 poses challenges such as (i) we may not be on-axis to the short gamma-ray burst from
such a merger, (ii)) GW sky localization is large in area and volume, (iii) kilonovae are fast faint-
ing objects and daytime sky is inaccessible, etc. The thesis is on the improvement of follow-up
strategies for the observation in different electromagnetic bands to make the search easier.

The follow-up observation in the electromagnetic spectrum of GW transient sources is crucial
for developing a complete astrophysical understanding of those phenomena. Various gamma ray
burst (GRB) detectors, and more notably the ground-based GW detectors, typically have large
uncertainties in the sky positions of detected sources. We present algorithms for better scheduling
of such follow—up observations in order to maximize the probability of finding the electromagnetic
counterpart, based on all-sky probability distribution of the source position. We consider realistic
observing scenarios, and address some of the challenges in the follow-up observations of electro-
magnetic counterparts. We examine difficulties arising from airmass, slew of telescope, diurnal
cycle, telescope pointing limitations, available observing time, and the rising/setting of the target.

In order to identify the rapidly-fading, optical transient counterparts of GW sources, an efficient
follow-up strategy is required. Since most ground-based optical telescopes aimed at following-
up GW sources have a small field-of-view (FOV) as compared to the GW sky error region, we
focus on a search strategy that involves dividing the GW patch into “tiles” of the same area
as the telescope FOV to strategically image the entire patch. We present optimal algorithms
factoring in the effects of airmass, telescope slew, and setting and rising constraints into the
scheduling algorithm in order to increase the chances of identifying the GW counterpart. Initially
we proposed GrAr, EnAr and SeAr algorithms to account for setting and rising. Later, we proposed
two separate algorithms: the airmass-weighted algorithm, a solution to the Hungarian algorithm
that maximizes probability acquired in the available observation time while minimizing the image
airmass, and the slew-optimization algorithm that minimizes the overall slew angle within the
observation schedule using the travelling salesman algorithm. We use simulations to demonstrate
that our proposed algorithms outperform the default greedy observing schedule used by many
observatories. Further, we demonstrate that as compared to the greedy algorithm, the EnAr and
airmass-weighted algorithms can acquire up to 20% more probability and 30 sq. deg. more in areal
coverage for skymaps of all sizes and configurations. Our algorithms are applicable for follow—up
of other transient sources with large positional uncertainties, like (Fermi-detected) GRBs, and can
easily be adapted for scheduling radio or space—based X-ray followup.

Kilonovae and radio afterglows of neutron star merger events have been identified as the two
most promising counterparts, of these GW sources, that can provide arcsecond localization. While
several new and existing optical search facilities have been dedicated to finding kilonovae, factors
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such as dust obscuration and the daytime sky may thwart these searches in a significant fraction
of GW events. Radio-only searches, being almost immune to these factors, are equally capable
of finding the counterparts and in fact offer a complementary discovery approach, despite the
modest fields of view for many of the present-day radio interferometers. Such interferometers
will be able to carry out competitive searches for the electromagnetic counterparts through the
galaxy targeting approach. Adapting and improving on an existing algorithms, we present here a
method that optimizes the placement of radio antenna pointings, integration time, and antenna
slew. We simulate 3D GW localizations to find the efficacy of our algorithm; with substantial
improvements in slew overhead and containment probability coverage, our algorithm performs
significantly better than simple galaxy-rank-ordered observations. We propose that telescopes,
such as the Very Large Array, MeerKAT, Australia Telescope Compact Array and the Giant
Metrewave Radio Telescope, having fields of view < 1 deg? and searching for the counterparts of
nearby GW sources in localization regions as large as tens of square degrees or larger, will especially
benefit from this optimized galaxy-targeting approach for electromagnetic counterpart searches.

To understand the merger environment and the mechanism behind the jet formation of a BNS
merger, we need to observe the prompt emission, and the pre-merger emission during the merger.
Capturing the prompt emission in x—ray and optical is extremely challenging, because of unknown
trigger time of the GW signal and the poor localization of the GW source. We developed a pipeline
to send alert of the BNS merger to the electromagnetic observers prior to the merger. To develop
the pipeline, we focused on two main parts of the advance alert problem. First is the detection
of the inspiral signal of a BNS system from the noisy data of the GW detectors. Second is the
localization of the source on the 3D sky for the follow-up observation. We build template banks
for searching signal in the time series data, where the waveforms in the bank have fipwer (lower
cut-off frequency) at 10 Hz and the fyp,per (upper cut-off frequency) at ~30 Hz. In order to remove
the glitches from the data and test the consistency of the signal with the template, we calculate
the chi-square signal-based discriminator. The success of capturing the prompt emission from the
merger of BNS system highly depends on the area of the GW-localization and the response of the
telescopes. We finalize the possible location of the GW source by localizing the event at least 20
seconds before the merger.

LIGO-India will be a 2nd generation detector in India (one of the three LIGO detectors, with
the other two in the US), and will start observation around 2025. LIGO-India, as part of a network
of GW detectors, will make immense improvement in the localization of the gravitational sources.
We studied the increase in the rate of detection of GW events for networks once LIGO-India
comes online. The chance of finding sources increase across the sky, but especially, in the less
sensitive region in the sky of the Hanford-Livingston LIGO network, when we add LIGO-India to
the network.
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FACILITIES
COMPUTER CENTRE

The IUCAA Computer Centre continues to offer
state-of-the-art ~ computing ~ hardware  and
technology rich mobile work space for ITUCAA
members, visiting associates, and visitors. It also
extends an array of specialized High Performance
Computing (HPC) environments to the academic
community for their research.

The hardware and devices currently managed by
the computing facility include, 320 servers and
desktops, 85 laptops, 78 printers and scanners, two large HPC systems, and over a PetaByte of storage, in
addition to diverse equipment deployed for an extensive, high throughput wired and wireless campus-wide
network. The number of registered Wi-Fi devices is over 900, and e-mail accounts served by the computing
facility for its members and visiting associates amount to nearly 600.

IUCAA has its own registered domain name as “iucaa.in”. The WAN services are provided by the National
Knowledge Network on a 1 Gbps fibre connectivity, with a fall-back arrangement on a 50 Mbps leased line
from TATA VSNL.

1. High Performance Computing Cluster
IUCAA is having two independent HPC clusters with a different purpose, namely Pegasus and SARATHI.

The Pegasus Cluster is newly implemented to serve increasing computing requirement, has 60 compute
nodes, each node is having 32 cores and 384 GB RAM. It uses infiniband EDR (100Gbps) as an inter-
connect, and Portable Batch System (PBS) as a job scheduler. For visualisation purposes, there are two
dedicated graphics node equipped with NVIDIA Tesla P100 GPU cards. The cluster is attached to a 1PB
parallel file system (Lustre), which is capable of delivering 15GBps throughput. Theoretical computing speed
of the Pegasus Cluster is 100 TF. The Pegasus, cluster has been utilized by more that 45 high volume users
from IUCAA and various Indian Universities, running applications for Molecular Scattering, Molecular
Dynamics, Stellar Dynamics, Gravitational N-Body Simulations, Cosmic Microwave Background Evolution,
Fluid Mechanics, Magnetohydrodynamics, Plasma Physics, and the analysis of diverse astronomical data.

The Sarathi Cluster is primarily used for gravitational wave research and is mostly used by national and
international members of the LIGO Scientific Collaboration (LSC), which includes many IUCAA members and
our Associates. The cluster is comprised of heterogeneous compute servers, it is built in three phases. The
cluster consists of more than 8000 Physical cores. The theoretical peak performance of the compute node
CPUs of the cluster is nearly 530 TFlops.

2. HPC clusters listed in Top Supercomputers in India

Sarathi Cluster Phase IlI, Pegasus Cluster, and Sarathi Cluster Phase Il are listed at 17 th, 25 th and 27 th rank
respectively in the list of top Supercomputers in India published on January 31, 2020. The list is maintained
and supported by CDAC&#39;s Terascale Supercomputing Facility (CTSF), CDAC, Bangalore. The list is
available at http://topsc.cdacb.in/jsps/jan2020/index.html

3. 22 TR Chiller for Old Data Centre
The Chiller serving the old data centre, which is hosting the critical services like email server, Vroom cluster,
storages, authentication server, etc., is about nine years old, and the component failure rate has increased.

For all these services, cooling plays a crucial role. Hence, to maintain 99.99% uptime, we have installed an
additional BlueBox Chiller of 22 TR cooling capacity.
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4. CCTV Surveillance System

We have installed a closed-circuit television (CCTV) camera system to enable surveillance on computer
hardware and data centre NON-IT equipment as well as for security. Currently, the Library Open Office, TV
Room (allocated for visitors), Computer Centre Corridor, New Data Centre Corridor, and BMS terrace area are
under CCTV surveillance.

5. TAPE Archival Storage for MALS

MALS is one of the ten extensive surveys being carried out with the MeerKAT telescope in South Africa. The
data are being transferred from South Africa to [IUCAA through tapes (LTO7 or better) and processed in [UCAA
by the MALS team. The MALS data products will be served to the international community from [UCAA. We
have implemented a TAPE archival system to archive generated data products. The archival system contains
two HPE Store Ever LTO-8, 100 X 15 TB LTO-7, and 20 X IBM LTO-7 tape drives. To store these tape drives, we
have a dedicated, waterproof and fireproof tape container.

6. FTP and Download Server

The existing FTP and download servers were very old and out of support. Both the servers had limited storage
space to host/download the data. Hence, we have migrated FTP and download servers on new servers having
larger storage capacity.

7. Up-gradation of VMware Software

We have four ESX host servers, and its consolidated resources like CPU, RAM, etc. are being shared among all
the virtual machines, being used by the administrative staff, visitors, and students. Since the number of staff
members and users have increased, and they need latest operating systems, such as Windows 10, CentOS-7.x
with USB redirection facility, up-gradation of existing VMware software, hardware and storage has been
carried out with addition of two ESX hosts with high-end configuration, and expansion of 3PAR storage with
additional 50 TB

8. UPS Battery Replacement

IUCAA has two independent data centres and both host very critical services. The power supply to these data
centres is routed through UPS to provide uninterrupted services. For the new data centre, we have 280 KVA
ABB UPS, whereas for the old data centre, we have 120 KVA Vertiv UPS. Batteries of these UPS were about
four years old. Hence, we have replaced batteries of both the UPS.

9. PCs for Administration Users

Earlier, the administration users were using zero thin client and monitors. The setup was about six years old,
and the component failure rate was high during the last year. Hence, we have replaced all zero thin clients in
administration block with new HP 600 G5 All-in-One desktops. They provide additional productivity time by
enabling uninterrupted local work environment during maintenance activity.

10. Online Transport Request Application

We have designed a web application to facilitate the request and allotment of the transport facility. The
application accepts necessary inputs such as date, time, email, number of people, etc., and forwards the
request to the transportation section for review and allocation of an appropriate vehicle.

11. Network Migration from iucaa.in to ligo-india.in

We have implemented a dedicated domain ligo-india.in, dedicated for the LIGO - India project. For this, we
have provided separate network connectivity from Network Operations Centre (NOC) room to a rack in the
new data centre. We configured network migration from iucaa.in to ligo-india.in and set up the Cisco 3600

router for BGP peering for ISPs (NKN and TATA VSNL).

In order to increase the Wi-Fi coverage and connection stability, we have installed six additional Ruckus R 720
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access points in Nalanda Hostel.

HP LaserJet 700 Multi-function printer (Qty. 1), HP Elite Desktop 800 G3 with Monitor (Qty. 20), HP 600 G5
All-in-one (Qty. 45), HP ProBook 440 G6 Laptop (Qty. 4), and MacBook Pro (Qty. 4) were acquired for the
academic community, visitors and administrative officers.

The Computing Facility employs 8 personnel, who carry out the daily functions that include:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Architecting overall IT solution/technologies required for IUCAA, and presenting it to Computer Users’
Committee for the consensus.

Framing policy documents and finalizing them in consultation with the Computer Users’ Committee
members.

Drawing up specification of the RFP (Request for Proposal) tender document for [UCAA IT required to be
purchased, and oversee all purchases related procedure and follow up.

Maintenance of IT hardware in the campus, including servers, desktops, mobile computing equipment,
printers, etc.

Providing in-house design, development and maintenance support to the Administrative Office automation
software (iOAS), and IUCAA website. Designed web portals consisting online application module for
various workshops.

Maintaining Zimbra email servers and mirror sites hosted at IUCAA, and their day-to-day administration.

Configuration and management of data backups.

. Design, management and administration of network topology and firewall rules.

. Administration of Ruckus wireless network covering the entire office as well as residential campus.

Providing end users support for Wi-Fi devices such as laptops, and mobile devices.

Day to day administration of VMware infrastructure and various servers catering to administration such as
AD, etc.

Maintenance of Video Conferencing equipment and end user support.

Management of inventory of computer centre consumable items, assets and furniture, and its tracking.
Procurement of SSL certificates and software for all the relevant web servers at IUCAA.

End user service support to Administrative Staff, Academic Members, Visitors and Visiting Associates.

Infrastructure, management and coding support to IT intensive projects such as Big Data, AstroSat, LIGO,
MALS, SUIT, etc.

Procurement, installation and periodic up-gradation of mathematical software, such as Matlab, IDL,
Mathematica, etc. meant for general IUCAA users and cluster users.

Hardware maintenance and general system administration of clusters in coordination with OEM.
Assisting Estate Department with Data Centre management activities.

Architecting new hardware solutions to address operational needs.
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Chiller Plant Assembly for Data Centre Power conditioning room for IUCAA Data Centre with UPS,
battery banks and control panels

(All pictures are credited to Shashank Tarphe (IUCAA))
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INSTRUMENTATION

Quantum metrology for precision measurements

IUCAA has recently conceived Precision and Quantum Measurement lab (PQM-lab), as symbolically
represented in the picture below. This initiative led by Subhadeep De have experimental research interests on:

(i) Precision measurements to probe fundamental aspects of science such as constancy of the dimensionless
fundamental constants, geodesy, violation of the fundamental symmetries, etc.

(i) Quantum metrology on ultra-stable optical reference to support high-resolution precision spectroscopy,
communication etc.

(iii) Developing quantum enhanced technologies to support national mission on quantum technology and
applications (NM-QTA).

At a glance picture - experimental facilities to be developed at the Precision and Quantum Measurement lab
(PQM-lab) and its focus area for pursuing science and technology. The experimental set-up shall consist of a
trapped ytterbium-ion optical atomic clock, ultra-stable reference optical oscillator, and optical frequency
comb for studying quantum metrology, precision measurements and developing quantum-phenomena based
technologies

In addition to the above-mentioned scientific interests, overall visions of the PQM-lab are the following:

Since goals of this laboratory shall lead to fruitful international collaborations, which will enhance global
visibility of IUCAA in the areas of experimental atomic-molecular-optical physics having an overlapping
interest with the astronomy and astrophysics on the way to develop a state-of-the-art experimental setup,
which will result to spin-off indigenously developed niche technical instruments and electronic hardware,
which can be commercialized to the Indian industries and will help the country towards import substitution.

This laboratory shall develop highly skilled and trained manpower, at the level from undergraduate, Ph.D.s,
and research associates, in the areas of Atomic Physics, Laser Physics, Theoretical Modelling, Electronic and
Mechanical Instrument Sciences. This human resource will be useful for all the mega science projects in India
and strengthen overall scientific development of the country.
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IUCAA LIBRARY

The IUCAA library provides access to a comprehensive collection of books and journals in astronomy,
astrophysics and related areas. During the year, the library has added 41 Books, and 267 E-Books, published
by the Oxford University Press, and Springer Physics. The astronomy E-Books collection for the year 2019 is
299, and renewed its subscription to the Grammarly Premium software. With a subscription base of 79
journals, the library also has purchased the digital archive collections of Nature, Classical and Quantum
Gravity, and Journal of Cosmology and Astroparticle Physics. In addition to the E-Journal subscriptions, the
library continued to receive access to the following seven e-resources by courtesy of E-Shodh Sindhu
Consortium for Higher Education Electronic Resources, MHRD, Government of India:

« American Institute of Physics

« American Physical Society

« Institute for Studies in Industrial Development (ISID) database.

+ JGate Plus

 Springer Link and Nature

 Taylor and Francis

«  Web of Science

The usage of E-Journals and E-Books is depicted below.

E-Journals usage during April 01, 2019 - March 31, 2020

Resource Count
American Institute of Physics 1034 201 1034
American Physics Society 4728
Institute of Physics 14954 Ao  Pavd
AMErican Insiiinie o 1YSICS
r;a,ture Direct :::i BAmerican Physics Society
S;IFE:;:I' " 4852 Blnstitie of Physics
I
BNature
Taylor and Francis 201 ik

BScimce Direct

BSpringer

OTayier and Francis

Resource Count

Cambridge University Press 6789

Institute of Physics 257

Oxford University Press 257 @ Camb ridge University Press
Springer Nature 18370 l'“-.l @institufe of Physics

World Scientific Press 314

BOxbrd University Press

B5Springer Nature

BWorld Scientific Press

The EZproxy access and authentication software has been deployed by the library to facilitate off-campus
access to all the e-resources subscribed by the library. The facility is accessed by IUCAA users and Visiting
Associates.
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The following e-resources have been accessed by users including Visiting Associates of IUCAA using Ezproxy:
« American Association of Physics Teachers
« American Institute of Physics

* American Scientist

« Annual Review of Astronomy and Astrophysics
« Applied Optics

« American Physical Society

« Cambridge University Press

» EDP Sciences

« Institute of Physics

« Institutional Repository

+ Nature

* New Scientist

+ Physics Today

+ Physics Education

« Popular Science

+ Science Direct

» Springer Nature

 Taylor and Francis

« IUCAA Institutional Repository

«  Web of Science

«  World Scientific

= EZproxy usage during April 01, 2019 - March 31, 2020 |
Month Count

Apr-19 68

May-19 54

Jun-19 39

Jul-19 38

Aug-19 76

Sep-19 13

Oct-19 3

Nov-19 23

Dec-19 10

Jan-20 27

Feb-20 42

Mar-20 34 * May-19 * Jun-19 ®Jul19 * Aug-19 *Sep19

Nov-19 * Dec-19 * Jan-20 Feb-20 - Mar-20

The library team of five professionals facilitated the following activities and services:

1.Document Delivery Service for articles and book chapters — fulfilled 195 article requests received from 110
users and 11 book chapters requested by 7 users.

2.Processed 13 page charge requests.

3.Assisted 4 users in ordering 15 books from their contingency grant.

4.Plagiarism report using Urkund for research papers.

5.The library YouTube Channel: 206 videos have been uploaded. The subscriber base is 3,853, and during the
year, there have been a total of 79,362 views.

6.Assisted Visitor Services in the compilation of the research write up and publications by Visiting Associates.
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RADIO PHYSICS LAB

Radio Physics Lab (RPL) is a unique facility at IUCAA, where students from physics and engineering
background can explore their skills and learn Astronomy and Astrophysics. Our aim has been to design and
demonstrate the important experiments related to Radio Astronomy in an innovative way for scientific
purposes and for educating students, teachers, educator enthusiasts, and the general public. The areas being
pursued here range from cosmic ray detection to communication using LASERs and Raman Spectroscopy.
Apart from these, RPL is also active in public outreach. Public lectures and demonstrations are organized for
students, and astronomy and science enthusiasts. Radio Astronomy Winter School (RAWS) is conducted for
under-graduate and post-graduate students, introducing them to the field of Radio Astronomy, in collaboration
with other departments. RPL has been conducting many workshops and training for teachers and students.
Over the past 12 years, several students have been benefited from this platform. More than 90 percent of
students are pursuing a PhD degree in astronomy and related areas, and many are currently active in the
research field in some form or the other. Following are the details of experiments and activities carried out by
RPL:

Radio Astronomy Winter School

Radio Astronomy Winter School (RAWS) has been organized every year, and this year it was organized in
collaboration with RPL, [IUCAA; Astronomy Centre for Educators (ACE), IUCAA; and RPL, NCRA. The school is
largely meant for under-graduate and first year post-graduate students in Physics/Electronics/Astronomy, and
Engineering, and for educators. Bright and highly motivated high school/junior college students involved in
amateur astronomy have been also encouraged to apply. Through lectures and hands-on radio astronomy
experiments, the school exposes the participants to astronomy in general and radio astronomy in particular.
The school has been immensely popular, and so far eleven such schools have been organized since 2008. The
hands-on experiments included: (i) Observations of Sun with the 4 m telescope to determine the antenna
power pattern, (ii) Observations of HI 21 cm line to neutral hydrogen from the Galaxy, and (iii) Measuring
Noise (Johnson Noise) in an electronics system. These experiments are designed to educate the students about
techniques, and instrumentation used in radio astronomy. This year, we also invited teachers/educators from
universities to attend the winter school and mentor the students.
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Workshop on Engineering Application in
Astronomy

A workshop on Engineering Applications in
Astronomy was organized by [IUCAA, in
collaboration  with ~ Vishwakarma Institute  of
Technology (VIT), Pune, during August 19 - 24, 2019
at VIT Campus, Pune. This was the third in a series of
workshops being organized with the primary aim to
create awareness among engineers about the field of
astronomy, and  present the  challenging
opportunities available to the engineering students.
Around 40 participants were selected from different
branches of engineering, and from different parts of
the nation. The experiments were designed by RPL
and Instrument Department for the workshop.

Workshop on Small Affordable Radio

Telescope

A one day Workshop on Small Affordable Radio
Telescope (ASRT) was conducted at VIT, Pune, by
Antariksh Astro Club of VIT, Pune, with the help of
RPL. Our team members, Jameer Manur, and Ashish
Mhaske were the resource persons. The first half of
the day was focussed on the basics of Radio
Astronomy and Radio Astronomy Instrumentation,
and the second half was meant for the hands-on
sessions. Around 45 students attended from Pune,
Mumbai, and Jaipur.

Horn Antenna for 21 cm Hydrogen Line

The 21 cm hydrogen line is a spectral line emitted
by atomic hydrogen. Since, hydrogen is the most
abundant element in the universe, this makes the
hydrogen line very crucial in the field of radio
astronomy. A horn antenna has been designed for
detecting this 21 cm line from our galaxy, and the
structure of the galaxy can also be estimated. It has
also made it possible to estimate the rotation curve
of the galaxy. A primary limitation of radio
astronomy is noise, either man-made or naturally
occurring. Hence, we require new techniques to
reduce noise from our detector. The horn antenna is
able to pick up radiation from the hydrogen clouds
in our galaxy while suppressing terrestrial

interferences due to the low side lobes of the
antenna. The antenna is easy to handle, and is
superior to a parabolic dish in terms of noise
performance.

This is a dual mode conical horn antenna. It is easy
to construct as compared to other antennas with
similar noise performance. Software Defined Radio
(SDR) receivers were used with great success. The
limitation of the conventional radio is its inability to
configure the hardware. SDR can be configured to
serve any purpose of the user. Such a receiver was
implemented successfully for detection of hydrogen
line. Important techniques, like Dicke switching,
were implemented with SDR. This has made the
telescope low cost and hence, accessible to amateur
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radio enthusiasts. The antenna has proven to be very reliable. It will be used in MSc practical in radio
astronomy, as well as in Radio Astronomy Winter Schools. The antenna has also been used to demonstrate
principles of radio astronomy to amateurs as well as for public outreach.

Faraday Rotation Experiment for Communication

The polarization of light is quite frequently observed in nature, and with other properties like amplitude,
frequency and phase of an electromagnetic (EM) wave, it constitutes one of the most fundamental quantities,
which completely describes it. In physics and optics, the polarization of light is studied through Faraday
Rotation Effect, using optical materials like glass, crystals, chemicals, etc. Its analogue in the radio waves is
transmission of polarized wave in ferrites materials. The idea is to study the potential of fast polarization
modulation for data communication, which is not much explored yet.

The study of the polarization of light through Faraday Rotation Effect, rotation of the plane of a polarized wave
when travelling through crystals placed inside solenoid, subjected to a strong axial magnetic field can be a
novel approach in communication. The experiment shows the conversion of polarization-modulated light into
intensity-modulated light, and phase shifted demodulated waveform with respect to input modulating the
signal. Insertion of properly matched, tuned circuit before coil, and amplifier after demodulation lead to better
reception of the signal.

e . ————
Photodetector Analyzer Solenoid Polarizer Laser

[ ——— — =

The laser will act as a carrier and the audio is given as a modulating signal to the solenoid, the audio signal
modulated in the presence of Faraday material (TGG). The power requirement is very low as compared to the
existing analogue modulation techniques. The system is successfully working over the audio bandwidth.

Noise Fundamental Experiment

The Noise Fundamental Experiment is one of the most important tools
to study the noise in an electronic system and in any instrument. Many
a time, we are restricted by the noise in the system. The noise present
in all electronic signals limits the sensitivity of many measurements.
The thermal noise generated by a resistor at room temperature or the
shot noise in diode and transistor can be studied by using this setup.

The noise can be observed on the display of an oscilloscope, and also
manipulate it by changing the parameter of noise, like temperature,
bandwidth, etc.

Cosmic Ray Muon Detector

The Cosmic Ray Muon Detector (CRMD) is a particle detector, which can detect and observe by-products of
cosmic ray particles, which were created and accelerated by very violent mechanisms in the universe. The
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CRMD at IUCAA RPL is one of its kind, and was built in 2011 by under-
graduate level students. It is the only detector of its type running in entire
Asia. The material to build the detector was imported from FERMILAB,
USA.

This detector is used to take readings of constant muon flux, and
determine mean muon lifetime. It is quite a rich experiment as it enables
students to not only study astro-particle physics, but also quite a lot about
nuclear and particle physics in general. Mean muon lifetime also serves
as a test for Einstein’s special theory of relativity.

Since 2012, the detector has been used for experiments in Savitribai Phule Pune University MSc Astronomy
and Astrophysics specialization course, as well in Radio Astronomy Winter School.

Raman Spectroscopy

The Raman Spectroscopy is one of the important tools in physics and chemistry to identify the elements, and
is an inelastic scattering of monochrome light, and the frequency of light changes upon interaction with a
sample. Frequency of the re-emitted photons is shifted up or down
in comparison with original monochromatic frequency, which is
called the Raman Effect. This shift provides information about
vibrational, rotational, and other low frequency transitions in
molecules. Raman Spectroscopy can be used to study solid, liquid
and gaseous samples.

In this experiment, we see the stokes and anti-stokes line on both
side, we could see the Raman scattering in this experiments. A
powerful green (532 nm) laser is used, and an astronomical grade
cool CCD camera is used to detect the Raman scattering.

Other Experiments

Many other small experiments, like Noise figure measurement of radio frequency amplifiers, Antenna
radiation pattern measurement are done in RPL. Solar observations are taken at 10 GHz with a satellite TV
dish antenna. This is a low cost and easily available radio telescope set up.

National Science Day

National Science Day is an important event in [UCAA. It is the time of the year when IUCAA is open to the
general public all day long, and the staff here exhibit and
explain the experiments and activities which are conducted in
IUCAA, to the general public. This year, RPL, in association
with ACE, IUCAA has demonstrated, and explained various
astronomy, and physics related experiments at the new TLC
building. In addition to the horn antenna, 3 m parabolic radio
telescope, ASRT, Faraday Rotation, Different types of Antennas, |3
and Muon detector were presented. The recently discovered F
Saraswati Supercluster LED model, which was made by RPL
project students, was also presented. We have exhibited many
posters and working models based on astronomy and radio
astronomy, where general public can understand it very easily.

A brief explanation of the history of radio astronomy, detailed working of a radio telescope represented in
block diagram form an easy understanding for the general public, and different types of radio telescopes
working on different types of bands around the world were also displayed. The volunteers representing RPL
were from VIT, VIIT, Cummins, and Fergusson College, Pune.
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Jameer Manur gave a talk on the First Image of Black Hole, and Pratik Dabhade and Ashish Mhaske jointly
gave a talk on Next-generation Radio Astronomy.

Public Outreach

RPL gives special attention to public outreach, and is open to enthusiastic individuals for any help/advice they
require regarding astronomy related activities. RPL members deliver informative lectures related to astronomy
and instrumentation in astronomy in schools and colleges (as seen in fig.) to make students aware of the career
opportunities in the field of astronomy. They also give instructions to the students about the latest
developments of this field.

We also have initiated the process of making videos for general public, which describe key radio astronomy
concepts in lucid manner and documenting the working of big international facilities run in India, like the
GMRT (which is one the world’s largest radio telescopes). All these material will be freely available on our
RPL website, and Youtube channel. RPL has also launched pages on the social media, like Facebook, Twitter
and Youtube for propagation of radio astronomy in India.

Joydeep Bagchi and team have given
lectures on their recent discovery of
Saraswati  Supercluster, at many
institutes, including Vishwakarma
Institute  of  Technology, Pune;
I[UCAA, Pune; IISER, Tirupati; 1T,
~ Indore; and Satellite Application
Centre, ISRO, Ahemdabad.
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MSc Practicals

MSc students of the Department of Physics and Space Science of the Savitribai Phule Pune University are
supposed to perform experiments as a part of their curriculum, and they have to appear for practical exam to
complete their course. Every year, 4 to 5 experiments on Detection of 21 cm Hydrogen Line using Horn
Antenna, Faraday Rotation, Noise Fundamentals (Johnson Noise), Cosmic Ray Muon Detection, and Raman
Spectroscopy, are conducted in RPL.

Lecture Series on Gravitational Lensing

RPL is interested to do some experiments on gravitational lensing, and design experiments to understand well
and teach the under-graduate and post-graduate students. Hence, RPL requested Jean Surdej from Belgium,
who is an expert in this field, to give a series of lectures. He happily agreed to visit IUCAA, and gave lectures
on gravitational lensing. Along with Ranjan Gupta (IUCAA), RPL coordinated this lecture series and
demonstration sessions. We thank Jean Surdej for the wonderful sessions.

Annular Solar Eclipse Observations

In December 2019, the Annular Solar Eclipse was observed from the southern part of India. The teams from
IUCAA went to different parts of south India, and the RPL team was at Kannur in Kerala, where the annular
eclipse belt was passing. We carried out some experiments in optical and radio, along with temperature
variation during the eclipse. Using ASRT, we observed eclipse at around 11 GHz, and using Horn feed, we
observed at 1420 MHz in radio domain. We also got really beautiful images of the annularity

PwwwvwiLoL L UOMODMYDNN900
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SPONSORED MEETINGS AND EVENTS OUTSIDE IUCAA

Advanced B.Sc. (Physics) Summer Programme - 2019

The Advanced B.Sc. (Physics) Summer Programme was started by the joint efforts of the Gujarat
Science Academy, and Vikram A. Sarabhai Community Science Centre (VASCSC), Ahmedabad in
2003, under the guidance of experts from Institute for Plasma Research (IPR), Physical Research
Laboratory (PRL), Indian Space Research Organization (ISRO), etc. This year, it was conducted during
May 11 - June 1, 2019, at St. Xavier's College (Autonomous), Ahmedabad, with the support from
IUCAA, under the IUCAA Centre for Astronomy Research and Development (ICARD). The valedictory
function was conducted at the Institute for Advanced Research (IAR), Gandhinagar, and Gurudatt Gaur

(IAR) was the coordinator of the programme.

(For details, see KHAGOL No. 119 July 2019)

Workshop on Data Analysis and Machine Learning

Data science is now recognized as a new discipline,
that deals with the acquisition, storage, retrieval,
processing, and analysis of data. Around 50
participants of PhD students, post-doctoral fellows,
post-graduate, and advanced under-graduate
students from institutes, universities and colleges in
India attended this workshop, which was conducted
during May 24 - 28, 2019, at IISER, Tirupati and was
coordinated by G. Ambika, and Arunima Banerjee
(both from IISER, Tirupati), and Ranjeev Misra
(IUCAA).

(For details, see KHAGOL No. 119 July 2019)

DATA RNALYSIS

MACHINE LERRNING
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Astronomy Congress - 2019

The IUCAA Centre for Astronomy Research and
Development (ICARD) initiated its activities in the
Department of Physics, University of Calicut,
Kozhikode, by joining hands with the Kerala Sastra
Sahitya Parishad, to conduct the Astronomy
Congress - 2019, during April 27-28, to
commemorate the 50th anniversary of first landing
on the Moon. Ravikumar C.D. was the coordinator
of the congress.

(For details, see KHAGOL No. 119 July 2019)
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North-East Meet of Astronomers 2019 (NEMA-V)

North-East Meet of Astronomers is an annual meeting of astronomers in the North-Eastern part of India, which
was initiated in 2015 by the Department of Physics, Tezpur University and sponsored by IUCAA. This meeting
aims to bring together young and highly motivated students, researchers, college and university teachers of the
region, working or intending to take up research in the field of Astronomy and Astrophysics and related topics,
on a single platform to stimulate discussions and collaborations.

The Department of Physics, Tezpur University organised the 5th edition of “North-East Meet of Astronomers-
2019 (NEMA-V)”, during September 11-13, 2019. This Workshop was coordinated by Rupjyoti Gogoi and
Ranjeev Misra.

(For details, see KHAGOL No. 120 October 2019)

Workshop on Astronomical Data Analysis

The Department of Physics, Jagannath Barooah College (Autonomous), Jorhat, Assam, successfully
organized the Third Workshop on Astronomical Data Analysis (WADA - 2019), during September 17 -
19, 2019, in association with Department of Physics, Tezpur University, Assam. The workshop was a
part of IUCAA Centre for Astronomy Research and Development (ICARD) activity The coordinators of
the workshop were Ranjeev Misra, Gazi A. Ahmed, and Ankur Gogoi (Jagannath Barooah College,
Jorhat).

(For details, see KHAGOL No. 120 October 2019)

_ 3rd IUCAA Spensdred Workshop
¥ on Astronomical Data Analysis.
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Workshop on Engineering Applications in Astronomy

A workshop on Engineering Applications in Astronomy was organized by IUCAA in collaboration with
Vishwakarma Institute of Technology (VIT), Pune during August 19- 24, 2019 at VIT campus, Pune. The
workshop was partially sponsored through a grant from Infosys Foundation to [UCAA.

(For details, see KHAGOL No. 120 October 2019)

IUCAA GIRAWALI OBSERVATORY
SMAHT Preaat LM <.

Workshop on General Relativity and Cosmology

The Department of Mathematics, Institute of Applied Sciences and Humanities, GLA University, Mathura, in
collaboration with [UCAA, organized the Workshop on General Relativity and Cosmology, during October 11
— 13, 2019. There were 41 participants, including 25 research scholars and 10 MSc students of physics and
mathematics from all over the country, and 6 faculty members from GLA University. The workshop was
coordinated by Aseem Paranjape (IUCAA) and Anirudh Pradhan (GLA University).

(For details, see KHAGOL No. 121 January 2020).
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Workshop on Emergent Gravity Paradigm

The Workshop on Emergent Gravity Paradigm was held at the Department of Physics, Cochin University of
Science and Technology (CUSAT), Kochi, during November 8 — 10, 2019. The focus was the theoretical
foundations of gravity as an emergent phenomenon. Students and faculties from various institutions across
India participated in this three-day residential workshop, which was organized by ICARD — CUSAT, and was

coordinated by Aseem Paranjape (IUCAA), Titus K. Mathew, and Charles Jose (CUSAT).

(For details, see KHAGOL No. 121 January 2020).

Workshop on Statistical
Astronomy and Astrophysics

Applications in

The Workshop on Statistical Applications in Astronomy
and Astrophysics, funded by IUCAA, and with academic
support from the IUCAA Centre for Astronomy Research
and Development, at the University of Calcutta, Kolkata,
was conducted at the Department of Statistics, Assam
University, Silchar, during November 20 - 22, 2019. The
coordinators of the workshop were Asis Chattopadhyay
(University of Calcutta), and Dibyojyoti Bhattacharjee.

(For details, see KHAGOL No. 121 January 2020).

National Workshop on AstroSat Data Analysis

The National Workshop on AstroSat Data Analysis was
organized by the Department of Electronics, Goa
University, in association with IUCAA, during November
20 - 22, 2019 at the Goa University. The coordinators of
the workshop were Rajendra Gad (Department of
Electronics, Goa University), Reshma Raut Desai,
Ranjeev Misra, and Jayashree Roy.

(For details, see KHAGOL No. 121 January 2020).

Short-Term Course on Gravitation
and Cosmology

A Short-Term Course on Gravitation and
Cosmology was organized at the Department
of Physics, Providence Women's College,
Kozhikode, by the Teaching Learning Centre
(TLC) of IUCAA for the benefit of teachers
from  their neighbouring colleges and
universities, during November 25 - 30, 2019.
The short-term course was coordinated by
Jeena Karunakaran (Providence Women’s
College), and Surhud More (IUCAA).

(For details, see KHAGOL No. 121 January
2020).
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Introductory Workshop on Physical Perspectives of Astronomy

The Department of Physics, ICFAI University, Tripura, jointly with the Department of Physics, Tripura
University, Suryamaninagar, organized the Introductory Workshop on Physical Perspectives of Astronomy,
during October 30 - 31, 2019. This workshop was a grand success, and there were a lot of interactions and
discussions with the resource persons and the participants. Biplob Sarkar, and Gulab Chand Dewangan
(IUCAA) were the coordinators of the workshop.

(For details, see KHAGOL No. 121 January 2020).

National Seminar on Applications of Statistics in Natural Sciences

The National Seminar on Applications of Statistics in Natural Sciences was held at St. Xavier’s College,
Kolkata, and was jointly organized by the Departments of Statistics and Physics, University of Calcutta,
Kolkata, in collaboration with the [UCAA Centre for Astronomy Research and Development (ICARD),
Kolkata, during December 16 - 17, 2019. Durba Bhattacharya (St. Xavier’s College) was the coordinator.

(For details, see KHAGOL No. 121 January 2020).

International Workshop on LIGO-India

The School of Physical Sciences, Swami Ramanand Teerth Marathwada University (SRTMU), Nanded,
Maharashtra, conducted the International Workshop on LIGO-India (IWLI-2019), during December 15-16,
2019, and was jointly organized by IUCAA; Indian
Space Research Organization (ISRO), Bengaluru;
and SRTMU.

T

The sessions were led by Udhav Bhosle, Ajit
Kembhavi, Frederick Raab, L. M. Waghmare, and
others. All the faculty members, administrative staff
and students of the School of Physical Sciences,
SRTMU, have taken much efforts in organizing this |
workshop. Sukanta Bose, and M. K. Patil were the
coordinators of the workshop.

(For details, see KHAGOL No. 121 January 2020).
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Workshop on Concepts in Astrophysics

The Department of Physics, Mar Thoma College, Chungathara, Nilambur, Kerala, in collaboration with
IUCAA, organized the Workshop on Concepts in Astrophysics, during November 26 -27, 2019. This session
was led by A.N. Ramaprakash, and 76 students from 6 different schools nearby Chungathara actively

participated in the programme. The workshop was coordinated by A. N. Ramaprakash and Sheelu Abraham
(Mar Thoma College, Chungathara).

(For details, see KHAGOL No. 121 January 2020).

Workshop on Science of the Star in our Backyard: Introduction and Data Analysis

Utilising the Annular Solar Eclipse 2019 as an excellent occasion to popularise Astronomy among the
public and to educate science students about the Sun, IUCAA in collaboration with St. Mary’s College,
Sulthan Bathery, Kerala, has organised an eclipse viewing followed by the Workshop on Science of the
Star in our Backyard: Introduction and Data Analysis, during December 26-29, 2019. The programme
was coordinated by Durgesh Tripathi, and Joe Jacob.

(For details, see KHAGOL No. 121 January 2020).
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]

Indian Association of Physics Teachers - Under-Graduates Camp in Physics and Astronomy

BITS-Pilani, K.K. Birla Goa Campus organized a Winter Camp in Physics and Astronomy, during December 19
— 22, 2019. Special thanks were to Somak Raychaudhury (Director, IUCAA), who supported the idea of using
NGPE merit list as a means to identify meritorious under-graduate students from all over India. The
coordinators were Dipankar Bhattacharya, and Arun V. Kulkarni.

(For details, see KHAGOL No. 121 January 2020).

Workshop on Astrophysics and Astronomy for Women in India

A two-day workshop on Astrophysics and Astronomy for Women in India sponsored by IUCAA, was jointly
organised by the Department of Physics, Diamond Harbour Women University (DHWU), West Bengal and
ICARD, North Bengal University (NBU) during January 31 - February 1, 2020 at the DHWU campus at Sarisha,
24 Parganas, West Bengal. B. C. Paul (NBU) and Ranjeev Misra (IUCAA) coordinated the workshop.

(For details, see KHAGOL No. 122 April 2020).
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Seminar on X-ray Astronomy

A two-day national seminar on X-ray Astronomy was conducted during February 1-2, 2020, by the Department

of Physics, St. Thomas College, Ranni, Kerala. Ranjeev Misra and Marykutty James were the co-ordinators of
the seminar.

(For details, see KHAGOL No. 122 April 2020).

The IUCAA-CUTN School on Introductory General Relativity and Cosmology

The IUCAA-CUTN School on Introductory General Relativity and Cosmology was conducted at the
Central University of Tamil Nadu (CUTN), Thiruvarur during January 4 - 11, 2020. T. R. Seshadri, V.
Madhurima (CUTN) and Ranjeev Misra (IUCAA) coordinated the event.

(For details, see KHAGOL No. 122 April 2020).

International conference and school on The First Billion Years of the Universe using Next-
Generation Telescopes

An international conference and school titled ‘The First Billion Years of the Universe using Next-Generation
Telescopes’ was organized by one of the IUCAA Centres for Astronomy Research and Development (ICARD),

The Discipline of Astronomy, Astrophysics and Space Engineering (DAASE), Indian Institute of Technology
Indore at its campus in Indore during January 20-31, 2020.

(For details, see KHAGOL No. 122 April 2020).
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RESEARCH BY VISITING
ASSOCIATES

Sheelu Abraham

Application of convolutional neural networks for
stellar spectral classification

Due to the ever-expanding volume of observed
spectroscopic data from surveys such as SDSS and
LAMOST, it has become important to apply artifi-
cial intelligence (AI) techniques for analysing stel-
lar spectra to solve spectral classification and re-
gression problems like the determination of stellar
atmospheric parameters Teg, logg, and [Fe/H]. We
propose an automated approach for the classifica-
tion of stellar spectra in the optical region using
Convolutional Neural Networks. Traditional ma-
chine learning (ML) methods with “shallow” archi-
tecture (usually up to 2 hidden layers) have been
trained for these purposes in the past. However,
deep learning methods with a larger number of
hidden layers allow the use of finer details in the
spectrum which results in improved accuracy and
better generalisation. Studying finer spectral sig-
natures also enables us to determine accurate dif-
ferential stellar parameters and find rare objects.
We examine various machine and deep learning al-
gorithms like Artificial Neural Networks (ANN),
Random Forest (RF), and Convolutional Neural
Network (CNN) to classify stellar spectra using
the Jacoby Atlas, ELODIE and MILES spectral
libraries as training samples. We test the perfor-
mance of the trained networks on the Indo-U.S.
Library of Coudé Feed Stellar Spectra (CFLIB).
We show that using convolutional neural networks,
we are able to lower the error up to 1.23 spectral
sub-classes as compared to that of 2 sub-classes
achieved in the past studies with ML approach.
We further apply the trained model to classify stel-
lar spectra retrieved from the SDSS database with
SNR>20. This work has been done in collaboration
with Kaushal Sharma, Ajit Kembhavi, Anirudha
Kembhavi, T. Sivarani and Kaustubh Vaghmare.

Detecting outliers in SDSS wusing convolutional
neural network

We propose an automated algorithm based on Con-
volutional Neural Network (CNN) for the detection
of peculiar objects in large databases using their
spectral observations. A convolutional neural net-
work is a class of deep-learning algorithms which al-
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lows the detection of significant features/patterns
in sequential data like images, audio, time-series
etc. by applying convolutional neurons (kernels)
along the sequence. For detecting unusual spec-
tra, we use eight-layer deep convolutional network
with autoencoder architecture on ~ 60,000 spec-
tra collected from the Sloan Digital Sky Survey.
The training of the network is done in an unsuper-
vised manner. We show that the trained network
is able to retrieve the spectra of rare objects from
a large collection of spectra. Such algorithms can
easily be rescaled to other surveys and therefore
can serve as a potential component of the data re-
duction pipelines for automatically detecting spec-
tra with unusual features and recovering defective
spectra. This work has been done in collaboration
with Kaushal Sharma, Ajit Kembhavi, Anirudha
Kembhavi, T. Sivarani

Dharam Vir Ahluwalia

Elko under spatial rotation

Under a rotation by an angle ¢, both the right- and
left- handed, Weyl spinors pick up a phase factor
exp(+i/2). The upper sign holds for the posi-
tive helicity spinors, while the lower sign for the
negative helicity spinors. For 927 radians this pro-
duces the famous minus sign. However, the four-
component spinors are built from a direct sum of
the indicated two-component spinors. The effect
of the rotation by 6 = 27 radians on the eigen-
spinors of the parity - that is, the Dirac spinors
— is the same as on Weyl spinors. It is because
for these spinors the right- and left- transforming
components have the same helicity and the rota-
tion induced phases, being same, factor out. But
for the eigenspinors of the charge conjugation op-
erator, i.e., Elko, the left- and right- transform-
ing components have opposite helicities, and there-
fore, they pick up opposite phases. As a conse-
quence, the behaviour of the eigenspinors of the
charge conjugation operator (Elko) is more subtle:
for 0 < ¥ < 2w, a self conjugate spinor becomes a
linear combination of the self and antiself conjugate
spinors with 6 dependent superposition coefficients
- and yet the rotation preserves the self/antiself
conjugacy of these spinors! This apparently para-
doxical situation is fully resolved. This new effect,
to the best of our knowledge, has never been re-
ported before. The purpose of this communication
is to present this result and to correct an interpre-



tational error of a previous version. This work has
been done in collaboration with Sweta Sarmah.

Magnetic field creation by solar mass neutrino jets

Parity violation and its effects for neutrinos in as-
trophysical contexts have been considered earlier in
pioneering papers of Hawking and Vilenkin. But
because even the largest magnetic moments pre-
dicted by physics beyond the Standard Model are
some twelve orders of magnitude smaller than the
Bohr magneton, their implications for magnetic
field generation and neutrino oscillations are gen-
erally considered insignificant. Here, we show that
since in astrophysical scenarios a huge number of
neutrinos may be emitted, the smallness of the
magnetic moment, when coupled with parity viola-
tion, is compensated by the sheer number of neu-
trinos. The merger of neutron stars would leave be-
hind a short pulse of electromagnetic synchrotron
radiation even if the neutrino jet in the merger
points away from the neutrino detectors. We show
that the magnetic field can be as large as 106 Gauss
and comment on the possibility of direct detection.
Observation of such a pulse would lend strong sup-
port for neutrino magnetic moments and resolve
the missing neutrino problem in neutron star merg-
ers. This work has been done in collaboration with
Cheng-Yang Lee.

G. Ambika

Classification of close binary stars using recurrence
networks.

In close binary stars, the component stars are close
enough such that they can exchange mass and/or
energy. They are subdivided into semi-detached,
overcontact or ellipsoidal binary stars. A challeng-
ing problem in the context of close binary stars
is their classification into these subclasses, based
solely on their light curves. Conventionally, this
is done by observing subtle features in the light
curves like the depths of adjacent minima, which
is tedious when dealing with large datasets. In
this work, we suggest the use of machine learn-
ing algorithms applied to measures of recurrence
networks and nonlinear time series analysis to dif-
ferentiate between classes of close binary stars. We
show that overcontact binary stars occupy a region
different from semi-detached and ellipsoidal binary
stars in a plane of characteristic path length (CPL)
and average clustering coefficient (CC), computed
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from their recurrence networks. We use standard
clustering algorithms and report that the clusters
formed correspond to the standard classes with a
high degree of accuracy. This work has been in
collabration with Sandip V. George, and Ranjeev
Misra.

Synapse loss and progress of Alzheimer’s disease -
A network model.

We present observational evidence from studies on
primary cortical cultures from AD transgenic mice,
APPSwe/PS1AE9 (APP/PS1) mice, for significant
decrease in total spine density at DIV-15 and on-
ward. This indicates reduction in potential healthy
synapses and strength of connections among neu-
rons. Based on this, a network model of neu-
rons is developed, that explains the consequent
loss of coordinated activity and transmission ef-
ficiency among neurons that manifests over time.
The critical time when structural connectivity in
the brain undergoes a phase-transition, from ini-
tial robustness to irreparable breakdown, is esti-
mated from this model. We also show how the
global efficiency of signal transmission in the net-
work decreases over time. Moreover, the num-
ber of multiple paths of high efficiency decreases
rapidly as the disease progresses, indicating loss
of structural plasticity and inefficiency in choos-
ing alternate paths or desired paths for any pat-
tern of activity. Thus, loss of spines caused by [
-Amyloid (AB) peptide results in disintegration of
the neuronal network over time with consequent
cognitive dysfunctions in Alzheimers Disease (AD).
This work has been done in collaboration with G.
Srikanth Kashyap, Deepti Bapat, D. Das, Ruturaj
Gowaikar, Ravindra E. Amritkar, et al.

Arunima Banerjee

The specific angular momenta of superthin galaz-
ies: Cue to their origin?

Superthin galaxies are low surface brightness (LSB)
bulgeless disc galaxies having stellar discs with un-
usually high planar-to-vertical axes ratio b/a > 10
- 20, the formation and evolution of which is not
well-understood. We calculate the specific angu-
lar momenta of a sample of six superthins and
nine other bulgeless LSBs using stellar photome-
try, atomic hydrogen (HI) surface density and high
resolution HI rotation curves available in the lit-
erature. We find that the stellar specific angu-
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lar mometum js, and hence, the stellar disc size
given by the exponential stellar disc scale length
Rp, of three superthins and seven LSBs lie above
the 95.4 % confidence band of the js - Vioy regres-
sion line for ordinary bulgeless disc galaxies, Vit
being the asymptotic rotational velocity. Further,
we find that superthins and LSBs have higher jg
and Rp values for a given value of stellar mass Mg
at high values of statistical significance, compared
to ordinary disc galaxies. Therefore, we conclude,
a superthin may be distinguished by a characteris-
tically larger disc size, which could possibly explain
the origin of its large planar-to-vertical axes ratio.
Interestingly, we find that the median spin parame-
ter is 0.13 & 0.01 for superthin galaxies, which is an
order of magnitude higher than those of LSBs and
ordinary disc galaxies, which may have important
implications for the existence of superthin stellar
discs in these low surface brightness galaxies. This
work has been done in collaboration with Vikas
Jadhav Y.

Sarmistha Banik

Properties of massive rotating protoneutron stars
with hyperons: Evolution and universality

In this work, we study the properties and struc-
ture of a massive and rapidly rotating protoneu-
tron star (PNS) with hyperon content. We follow
several stages of quasi-stationary evolution in an
approximate way at four discrete steps. We use a
density-dependent (DD) relativistic mean field the-
ory (RMF) model and calculate different quantities
such as mass, equatorial radius, moment of inertia,
and quadrupole moment to get different rotating
configurations upto the mass-shedding limit. We
study the effect of the appearance of A, the lightest
of all hyperons, on each of the evolutionary stages
of the PNS. We also check its sensitivity to the in-
clusion of ¢ vector meson as a mediator of A — A
interaction in detail. Finally, we investigate the
universal relations between moment of inertia and
compactness in the context of a hot and young com-
pact object. This work has been done in collabo-
ration with Smruti S. Lenka, and Prasanta Char.

Signatures of strangeness in neutron star merger
remnants

Neutron star (NS) mergers provide us with infor-
mation rich in physics using multi-messenger as-
trophysical observations. One of the probable rem-
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nants of such a merger is a differentially rotating
hot hypermassive neutron star. The stability of the
merger remnant depends crucially on the under-
lying Equation of State (EoS) and thus, provides
a method to probe the nature of dense matter in
NSs. In this work, we search for possible signatures
of strangeness containing matter in the NS inte-
rior on the secular stability of the merger remnant.
We also use recently proposed methods to make
a rough estimate the collapse time of the merger
remnant and the threshold mass above which the
merger promptly collapses to a black hole. This
work has been done in collaboration with Krishna
Prakash Nunna, and Debarati Chatterjee.

Aru Beri

The black hole X-ray transient Swift J1357.2-0933
as seen with Swift and NuSTAR during its 2017

outburst

One of our recent works involves a multi-
wavelength approach to study an enigmatic X-ray
binary, Swift J1357.2-0933. This work was also
part of the SmartNet, which is the Simultane-
ous Multiwavelength Astronomy Research in Tran-
sients Network, which involves group of researchers
all accross the globe. Multiwavelength observations
are vital to understand the comprehensive picture
of an X-ray binary. We report on observations of
black hole Swift J1357.2-0933, a member of the
modest population of very faint X-ray transients.
This source has previously shown intense dips in
the optical lightcurve, a phenomena that has been
linked to the existence of aunique toroidal structure
in the inner region of the disc, seen at a high incli-
nation. Our observations, carried out by the Neil
Gehrels Swift and NuSTAR, X-ray observatories, do
not show the presence of intense dips in the optical
light curves. We find that the X-ray light curves
do not show any features that would straightfor-
wardly support an edge-on configuration or high
inclination configuration of the orbit. This is sim-
ilar to what was seen in the X-ray observations of
the source during its 2011 outburst. Moreover, the
broadband spectra were well described with an ab-
sorbed power-law model without any signatures of
cut-off at energies above 10 keV, or any reflection
from the disc or the putative torus. Thus, the X-
ray data do not support the unique obscuring torus
scenario proposed for J1357. We also performed
a multi-wavelength study using the data of X-ray



telescope and Ultraviolet/Optical Telescope aboard
Swift, taken during the 4.5 months duration of the
2017 outburst. This is consistent with what was
previously inferred for this source. We found a cor-
relation between the simultaneous X-ray and ul-
traviolet /optical data and our study suggests that
most of the reprocessed flux must be coming out in
the ultraviolet. This work has been done in collabo-
ration with Bailey E. Tetarenko, Arash Bahramian,
Diego Altamirano, Poshak Gandhi, et al.

A broadband look of the accreting millisecond X-
ray pulsar SAX J17/8.9-2021 using AstroSat and
XMM-Newton

X-ray pulsars exhibit strict periodic variations in
X-ray intensity. In some neutron stars (NS), X-ray
pulsations of the order of millisecond have been
detected (see e.g., Chakrabarty & Morgan 1998).
They belong to peculiar type of X-ray pulsars
called accretion powered millisecond X-ray pulsars
(AMXPs). The short spin periods are caused by
long-lasting mass transfer from a low-mass com-
panion star through an accretion disc onto a ro-
tating neutron star. AMXPs are perceived by
the scientific community as astrophysical labora-
tories that could be essential to our understand-
ing of thermonuclear burst processes. So far, only
22 such AMXPs have been detected. We have
analyzed and studied one of these sources SAX
J1748.9-2021 using 200 kiloseconds (ks) long ob-
servation made with Indias first multi-wavelength
satellite AstroSat, and 60 ks long observation
made with XMM-Newton launched by Europeon
Space Agency (ESA). SAX J1748.9-2021 is a tran-
sient AMXP, located in the globular cluster NGC
6440. We report on the spectral and timing anal-
ysis of SAX J1748.9-2021 performed on AstroSat
data taken during its faint and short outburst of
2017. We derived the best-fitting orbital solution
for the 2017 outburst and obtained an average lo-
cal spin frequency of 442.361098(3) Hz. The pulse
profile obtained from 3-7 keV and 7-20 keV energy
bands suggest constant fractional amplitude 0.5%
for fundamental component, contrary to previously
observed energy pulse profile dependence. The As-
troSat observations revealed the source to be in a
hard spectral state. The 1-50 keV spectrum from
SXT and LAXPC on-board AstroSat can be well
described with a single temperature blackbody and
thermal Comptonization. Moreover, we found that
the combined spectra from XMM-Newton (EPIC-
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PN) and AstroSat (SXT+LAXPC) indicated the
presence of reflection features in the form of iron
(Fe K,) line that we modelled with the reflection
model xillvercp. One of the two X-ray bursts ob-
served during the AstroSat/LAXPC observation
showed hard X-ray emission (> 30 keV) due to
Compton up-scattering of thermal photons by the
hot corona. Time resolved analysis performed on
the bursts revealed complex evolution in emission
radius of blackbody for second burst suggestive of
mild photospheric radius expansion. This work has
been done in collaboration with Rahul Sharma, An-
drea Sanna, and Anjan Dutta.

Piyali Bhar

Compact star in Tolman-Kuchowicz spacetime in
the background of FEinstein-Gauss-Bonnet gravity

The present work is devoted to the study of
anisotropic compact matter distributions within
the framework of five-dimensional Einstein-Gauss-
Bonnet gravity. To solve the field equations, we
have considered that the inner geometry is de-
scribed by Tolman-Kuchowicz spacetime. The
Gauss-Bonnet Lagrangian, Lgp is coupled to the
Einstein-Hilbert action through a coupling con-
stant, namely «. When this coupling tends to
zero, general relativity results are recovered. We
analyze the effect of this parameter on the prin-
cipal salient features of the model, such as en-
ergy density, radial and tangential pressure and
anisotropy factor. These effects are contrasted with
the corresponding general relativity results. Be-
sides, we have checked the incidence on an im-
portant mechanism: equilibrium by means of a
generalized Tolman-Oppenheimer-Volkoff equation
and stability through relativistic adiabatic index
and Abreus criterion. Additionally, the behaviour
of the subliminal sound speeds of the pressure
waves in the principal directions of the configu-
ration and the conduct of the energy-momentum
tensor throughout the star are analyzed employ-
ing the causality condition and energy conditions,
respectively. All these subjects are illuminated by
means of physical, mathematical and graphical sur-
veys. The M-I and the M-R graphs imply that the
stiffness of the equation of state increases with «;
however, it is less stiff than GR.This work has been
done in collaboration with Ksh. Newton Singh, and
Francisco Tello-Ortiz.
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Charged compact star model in FEinstein-Mazwell-
Gauss-Bonnet gravity

In this work, we present a model of a static charged
anisotropic fluid sphere in the Einstein-Maxwell-
Gauss-Bonnet (EMGB) theory of gravitation. We
utilize the Krori-Barua (KB) ansatz together with
a linear equation of state of the form p, = Bp—-y to
generate exact solutions of the EMGB field equa-
tions describing compact objects. The model ob-
tained here is found to satisfy the elementary phys-
ical requirements necessary for a physically realiz-
able stellar object. We demonstrate that contribu-
tions from the Gauss-Bonnet terms have a non-zero
impact on the density, pressure and anisotropy pro-
files. The vanishing of the electromagnetic field at
the centre of the stellar configuration leads to a
relation between the equation of state parameter
and the Gauss-Bonnet term. Our model reveals a
direct connection between the nature of the matter
configuration and higher dimensional effects. This
work has been done in collaboration with Megan
Govender.

Naseer Igbal Bhat

Thermodynamics and phase transitions in galaxy
clustering

The phenomenon of galaxy clustering has been
studied from the perspective of the gravitational
phase transition, which is somewhat different from
a phase transition in material science. There is ev-
idence that the phase transition describing galaxy
clustering in an expanding universe is a first or-
der phase transition exhibiting a mixed phase. As
such, the Clausius Clapeyron equation is relevant
for studying such a system. In this work, we de-
rive a general analogue of the Clausius Clapeyron
equation that applies not only towards the coexis-
tence curve in pressure-temperature space, but to
a more general parameter space. The key finding
is that a cusp exists at the critical point in this
mixed phase when viewed in this more general pa-
rameter space. We extend this formalism to derive
an equation for the curvature of the phase coex-
istence curve in pressure-temperature space and a
more general parameter space. We also verify pre-
vious findings of hysteresis in the system via an
independent free energy analysis. This work has
been done in collaboration with Nasser Demir.
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Ritabrata Biswas

Search for missing links between two extreme wind
speed profiles: Dark energy accretion and adiabatic
fluid accretion

In recent past, the progresses in accretion studies
onto relativistically gravitating central objects like
a Schwarzschild singularity reveal that the accre-
tion flow must be transonic. For such cases, the
radial inward speed gradient can be written as a
numerator by denominator form, among which the
later vanishes somewhere in between infinite dis-
tance from the attracter to the event horizon of the
same. For sustainability of a physical solution, the
numerator should vanish at the same radial dis-
tance where denominator does vanish. From this
point, we obtain a second degree first order differ-
ential equation of radial inward speed and hence,
we obtain two branches of flow, namely accretion
and wind. For adiabatic accretion case, the wind
curve is formed to be more or less parallel to the
radial distance axis as we move far from the cen-
tral object. For dark energy accretion, this curve
is parallel to the radial velocity axis. Here we face
a question: Why there is no fluid speed profiles
in between these two extremities? While searching
the reasons, we follow that dark energy, if treated
as an accreting object, should stay around the cen-
tral compact star and hence, will contaminate the
metric which propertises the compact star. In this
research work, we have proposed a model with a ro-
tating black hole embedded in quintessence, where
quintessence equation of state and spin parame-
ters of the black hole are regulatory factors of the
model. The resulting accretion and wind curves
are studied. The effect of negative pressure of dark
energy is found to get catalyzed by the entry of the
spin of the black hole. We tally our results with
observations of accretion or outflow phenomenon
near to different quasars. This work has been done
in collaboration with Parthajit Roy.

Threshold drop in accretion density if dark energy
s accreting onto a supermassive black hole

Recent studies of galactic cores tell us that super-
massive black holes are hosted at each of these
cores. We got some evidences even. Besides,
dark energy is expected to be distributed all over
in our universe. Dark matter halo, on the other
hand, could be found around the galactic regions.
Though the natures of spans of them are not clearly



measured, galactic structures are supposed to be
formed out of dark matter clustering. Some ex-
amples of supermassive black holes in the central
regions of high redshift galaxies say that the con-
cerned supermassive black holes have completed
their constructions in a time less than it gener-
ally should be. To justify such discrepancies, we
are forced to model about existences of black hole
mimickers and exotic phenomena acting near the
supermassive black holes. Motivated by these, we
study the natures of exotic matters, especially dark
energy near the black holes. We choose modified
Chaplygin gas as dark energy candidate. Again,
the descriptions of gravitational waves or the atten-
uations of them when they are tunnelling through
cosmological distances help us to measure the shear
viscosity of the medium through which the waves
have been travelled. Delayed decaying models of
dark matters also suggest that dark energy and vis-
cosity may come up as a byproduct of such decays
or interactions. We consider the viscous nature of
the medium, i.e., the dark energy. To do so, we
choose an alpha-disc model as proposed by Shakura
and Sunyaev. We study the variations of densities
through accretion and wind branches for a differ-
ent amount of viscosity regulated by the Shakura-
Sunyaev alpha parameter, spin parameter and dif-
ferent properties of accreting fluids, viz, the proper-
ties of adiabatic fluid and modified Chaplygin gas.
We compare these results with each other and some
existing density profiles drawn from observational
data-based simulations. We follow that the result
supports the data observed till date. Specifically,
we see the wind to get stronger for dark energy
as accreting agent. Besides, we see the accretion
to have a threshold drop if the viscosity is chosen
along with the repulsive effects of dark energy. This
work has been done in collaboration with Sandip
Dutta.

Subenoy Chakraborty

Quantum cosmology for mnon-minimally coupled
scalar field in FLRW spacetime: A symmetry anal-
YS18

The present work deals with quantum cosmology
for non-minimally coupled scalar field in the back-
ground of FLRW spacetime model. The Wheeler-
DeWitt equation is constructed and symmetry
analysis is carried out. The Lie point symmetries
are related to the conformal algebra of the min-
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isuperspace while solution of the Wheeler-DeWitt
equation is obtained using conserved currents of the
Noether symmetries. This work has been done in
collaboration with Sourav Dutta, and Muthusamy
Lakshmanan.

Homogeneous and isotropic spacetime, modified

torsion field and complete cosmic scenario

This work deals with cosmological solutions de-
scribing different phases of the Universe for the
homogeneous and isotropic FLRW model with tor-
sion. Normally, torsion field is not suitable for max-
imally symmetric spacetime model. However, one
may use a specific profile of vectorial torsion field,
derived from a scalar function. By proper choices of
the torsion scalar function, it is shown that a con-
tinuous cosmic evolution starting from the emer-
gent scenario to the present late time acceleration
is possible. Also thermodynamics of the system is
analyzed and equivalence with Einstein gravity is
discussed. This work has been done in collabora-
tion with Akash Bose.

Nand Kumar Chakradhari

Optical and UV studies of type Ia supernovae SN
2009ig and SN 2012cq

We present an extensive optical-ultraviolet pho-
tometry, and analysis of a series of optical spectra
of type Ia supernovae SN 2009ig and SN 2012cg.
The observations range from —15 to +185 d for
SN 2009ig and —14 to 316 d for SN 2012cg, with
respect to maximum light in B band. Both SN
2009ig, and SN 2012cg exhibit similar proper-
ties. They have similar decline rate parameter
(Amis5(B)true = 0.92 £ 0.04 for SN 2009ig and 0.93
+ 0.06 for SN 2012cg) and B band peak absolute
magnitude (—19.45 £+ 0.40 mag for SN 2009ig and
—19.50 + 0.31 mag for SN 2012cg). Their early
spectra show high velocity features in Si1l and Ca 11
lines. The strong Fe111, Siiil and weak Sitl A5972
line during pre-maximum phase are indicative of
hot photosphere. The post-maximum velocity evo-
lution shows a plateau like phase with velocities ~
13,000 kms~! for SN 2009ig and ~10,000 kms~!
for SN 2012cg. Both events show spectral evolution
similar to normal SNe Ia and fall in LVG and Core
Normal subgroup. Both have smaller strength ra-
tio (R(Si1tr) = 0.17 for SN 2009ig, and 0.20 for SN
2012cg) consistent with smaller Amy5(B). Peak
bolometric luminosities (log L3*) of these events
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are estimated as 43.17 + 0.16 ergs—!, and 43.24 +
0.11 ergs~! suggesting that 0.60 + 0.20 M, of 56Ni
was synthesized in the explosion of SN 2009ig, and
0.72 = 0.31 Mg in SN 2012cg. This work was car-
ried out in collaboration with Devendra K. Sahu,
and G. C. Anupama.

Ground-based photometric survey to search for the
pulsational variability in Bp, Ap, and Am stars

We present the analysis of time-series of photo-
electric data of a Bp star and four new Ap stars
observed photoelectrically under the Nainital-Cape
survey programme. The project was started about
two decades ago, aiming to search for new rapidly
oscillating Ap stars. The frequency analysis of
the time-series of these stars obtained on multiple
nights did not reveal any pulsational variability. In
addition to this, we have performed the analysis
of time-series differential CCD photometry of the
two pulsating Am stars HD 13038 and HD 13079,
where we find some evidence of new periods. To
expand and strengthen the ongoing survey work,
we propose to build-up a tri-national collaboration
of astronomers from India, South Africa and Bel-
gium. This work was carried out in collaboration
with Daniel Nhlapo, Santosh Joshi, Bruno Letarte,
and Sanjeev Kumar Tiwari.

Ramesh Chandra

How rotating solar atmospheric jets become Kelvin-
Helmholtz unstable ¢

The Kelvin-Helmholtz instability (KHI) is a ubiq-
uitous phenomenon across the Universe. Over the
past two decades, several space missions have en-
abled our understanding of this phenomenon at the
Sun’s atmosphere. Key results obtained by Hinode
and Atmospheric Imaging Assembly on board the
Solar Dynamics Observatory allowed us to get use-
ful data concerning the physical parameters of var-
ious solar jets and the characteristics of detected
waves and instabilities in those structures. The ro-
tating solar jets are among the most spectacular
events in our Sun. They support the propagation of
a number of magnetohydrodynamic (MHD) modes
which, under some conditions, can become unstable
and the developing instability is of the KH kind. In
its non-linear stage, the KHI can trigger the occur-
rence of wave turbulence, which is considered as
one of the basic mechanisms of the coronal heat-
ing. The modelling of tornado-like phenomena in
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solar chromosphere and corona as moving weakly
twisted and spinning cylindrical flux tubes shows
that the KHI rises at the excitation of high-mode
MHD waves. The instability occurs within a wave
number range/window whose width depends on the
MHD mode number m, the plasma density contrast
between the rotating jet and its environment, as
well as on the twists of the internal magnetic field
and jet’s velocity. We have studied KHI instability
in a twisted solar polar coronal hole jet, in a twisted
rotating jet emerging from a filament eruption, and
in a rotating macrospicule. It has been established
that good agreement between the theoretically cal-
culated KHI developing times of a few minutes at
wavelengths comparable to the half-widths of the
jets, and those growth times detected from obser-
vations can be achieved at the excitation of high
(9 < m < 52) MHD modes only. This work has
been done in collaboration with Ivan Zhelyazkov,
and Reetika Joshi.

Kinematics and energetics of the EUV waves on 11
April, 2018

In this study, we present the observations of
extreme-ultraviolet (EUV) waves associated with
an M6.5 flare on 11 April 2013. The event was ob-
served by Solar Dynamics Observatory (SDO) in
different EUV channels. The flare was also associ-
ated with a halo CME and type II radio bursts.
We observed both fast and slow components of
the EUV wave. The speed of the fast component,
which is identified as a fast-mode MHD wave, varies
in the range from 600 to 640 km/s, whereas the
speed of the slow-component is ~ 140 km/s. We
observed the unusual phenomenon that, as the fast-
component EUV wave passes through two succes-
sive magnetic quasi-separatrix layers (QSLs), two
stationary wave fronts are formed locally. We pro-
pose that part of the outward-propagating fast-
mode EUV wave is converted into slow-mode mag-
netohydrodynamic waves, which are trapped in lo-
cal magnetic field structures, forming successive
stationary fronts. Along the other direction, the
fast-component EUV wave also creates oscillations
in a coronal loop lying &~ 225 Mm away from the
flare site. We have computed the energy of the
EUV wave to be of the order of 1020 J. This work
was done in collaboration with Aarti Fulara, Peng
Fei Chen, Ivan Zhelyazkov, Abhishek K. Srivastva,
and W. Uddin.



Suresh Chandra

H5Si0 IRASERs in a warm region in interstellar
medium

Out of the silicon bearing molecules, found in cos-
mic objects, the HoSiO is one of them. Considering
that kinetic temperature in some molecular regions
is found up to 300 K, for each of the ortho and
para H2Si0O, we have extended our investigation to
200 rotational levels having energy up to 540 cm ™.
Performing LVG calculations, we have found 5 or-
tho and 4 para transitions having frequencies in
THz, and radiative life-time of upper level more
than 10 times larger than that of the lower level.
These transitions, may be called IRASERs (Infra-
Red Amplification by Stimulated Emission of Ra-
diation), having emission feature and may play im-
portant role in identification of HySiO in a warm
region in the interstellar medium. This work has
been done in collaboration with Mohit K. Sharma,
and Monika Sharma.

Electron cyclotron waves in plasma in magneto-
sphere of a planet having perpendicular DC' electric
field

Scientists have always been interested in the study
of electron cyclotron waves in plasma in magneto-
sphere of a planet. Series of papers are published,
where AC electric field is taken perpendicular to
magnetic field in the magnetosphere. Some scien-
tists have claimed to consider DC electric field, but
they are found not to have any electric field. We
have discussed propagation of electron cyclotron
waves when constant electric field is perpendicu-
lar to magnetic field in megnetosphere of a planet.
Using bi-Maxwellian distribution function, we have
found that for the known value of electron cyclotron
frequency we, the real oscillation frequency w,. de-
pends only on the temperature anisotropy. We
have also found that the growth rate v increases
continuously with the increase of the wavevector k.
It is interesting to note that the dispersion relation
used in series of papers is erroneous, and it has been
taken as universal relation. This studey has been
done in collaboration with Mohit K. Sharma.

Ayan Chatterjee
Effective quantum theory of black hole horizons

We develop an effective quantum theory of black
hole horizons using only the local horizon geome-
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try. On the covariant phase space of the Holst ac-
tion admitting Weak Isolated Horizon as an inner
boundary, we construct Hamiltonian charges cor-
responding to Lorentz symmetries. We show that
horizon area is the Hamiltonian charge correspond-
ing to Lorentz boosts as well as that for Lorentz ro-
tation, which acts on 2-sphere cross-sections of the
horizon. Using this expression of area as a genera-
tor of Lorentz rotation, and the fact that quantum
states residing on the horizon cross-sections carry a
representation of 150(2), we derive the spectrum
of area operator on the horizon. The eigenstates
of this area operator are shown to be labelled by
integers or half integers. The entropy is obtained
completely in terms of these area quanta residing
on the horizon, and is shown to have exponentially
suppressing corrections to the area law. The for-
malism is also extended to non-minimally coupled
scalar fields, where the area operator gets modi-
fied due to the value of the scalar field on the hori-
zon. This work has been done in collaboration with
Amit Ghosh.

Marginally trapped surfaces in spherical gravita-
tional collapse

This work deals with a detailed study of gravita-
tional collapse of dust and viscous fluids under the
assumptions of spherical symmetry. Our main goal
is to closely analyze the horizons which arise dur-
ing this gravitational phenomenon. To this end, we
examine the formation and evolution of trapped
surfaces in these spacetimes, with special atten-
tion to trapped regions and cylinders foliated by
marginally trapped surfaces. The time evolution
of trapped surfaces, collapsing shell as well as the
event horizon are identified analytically as well as
numerically. Using different density profiles of mat-
ter, we analyze, how the nature of the marginally
trapped surfaces modify as we change the energy
momentum tensor. These studies reveal that de-
pending on the mass function and the mass profile,
it is possible to envisage situations where dynam-
ical horizons, timelike tubes or isolated horizons
may arise. This work has been done in collabora-
tion with Amit Ghosh, and Suresh Jaryal.

Ritaban Chatterjee

The accretion disk-jet connection in blazars

The power spectral density (PSD) of the X-ray
emission variability from the accretion disk-corona
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region of black hole X-ray binaries and active galac-
tic nuclei has a broken power-law shape with a char-
acteristic break timescale Tg. If the disk and the
jet are connected, the jet variability may also con-
tain a characteristic timescale related to that of the
disk-corona. Recent observations of the blazar Mrk
421 have confirmed the broken power-law shape of
the PSD of its jet X-ray variability. We model
the time variability of a blazar, in which emitting
particles are assumed to be accelerated by suc-
cessive shock waves flowing down the jet with a
varying inter-shock timescale (T7s). We investi-
gate the possible relation between the characteris-
tic timescales in the disk and jet variability based
on the above model, along with mathematically
and physically simulated disk variability. We find
that both the PSD of the jet and disk variability
may have a broken power-law shape but the break
timescales are not related in general except only
in systems with a small range of BH mass. The
break in the jet and disk PSD are connected to
the interval between large amplitude outbursts in
the jet (T7s) and to the viscous timescale in the
disk, respectively. In frequency bands where mul-
tiple emission processes are involved or emission is
from lower energy particles, the break in the PSD
may not be prominent enough for detection. This
study has been done in collaboration with Sagnick
Mukherjee, and Kaustav Mitra.

Physical inference from the v-ray, X-ray and op-
tical time wvariability of a large sample of Fermi
blazars

We present cross-correlation studies of v-ray (0.1-
300 GeV), X-ray (0.2-10 keV) and optical (R-band)
variability of a sample of 16 blazars during 2008-
2016. The light curves are from the Fermi-LAT,
Swift-XRT, and Yale-SMARTS blazar monitoring
programme. We stack the discrete cross-correlation
functions of the blazars such that the features that
are consistently present in a large fraction of the
sample become more prominent in the final result.
We repeat the same analysis for two subgroups,
namely, low synchrotron peaked (LSP) and high
synchrotron peaked (HSP) blazars. We find that
on average the variability at multiple bands is cor-
related with a time lag consistent with zero in both
subgroups. We describe this correlation with a lep-
tonic model of non-thermal emission from blazar
jets. By comparing the model results with that
from the actual data, we find that the inter-band
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cross-correlations are consistent with an emission
region of size ~ 0.1 pc within the broad line region
for LSP blazars. We rule out large changes of mag-
netic field (> 0.5 Gauss) across the emission region
or small values of magnetic field (~ 0.2 Gauss) for
this population. We also find that the observed
variability of the HSP blazars can be explained if
the emission region is much larger than the distance
to the broad line region from the central black hole.
This study has been done in collaboration with An-
wesh Majumdar, Kaustav Mitra, C. M. Urry, C. D.
Bailyn, and Prantic Nandi.

Suchetana Chatterjee, and Nishikanta
Khandai

Cosmological simulation of galaxy groups and clus-
ters. 1. Global effect of feedback from active galactic
nuclei

In this study, we quantify the properties of the
gas and dark matter around active galactic nu-
clei (AGN) in simulated galaxy groups and clus-
ters and analyze the effect of AGN feedback on the
surrounding intra-cluster (group) medium. Our re-
sults suggest downsizing of AGN luminosity with
host halo mass, supporting the results obtained
from clustering studies of AGN. By examining the
temperature and density distribution of the gas in
the vicinity of AGN, we show that due to feedback
from the central engine, the gas gets displaced from
the centre of the group/cluster resulting in a reduc-
tion of the density but an enhancement of temper-
ature. We show that these effects are pronounced
at both high and low redshifts and propose new ob-
servables to study the effect of feedback in higher
redshift galaxies. We also show that the average
stellar mass is decreased in halos in the presence
of AGN feedback confirming claims from previous
studies. Our work for the first time uses a fully
cosmological-hydrodynamic simulation to evaluate
the global effects of AGN feedback on their host
dark matter halos as well as galaxies at scales of
galaxy groups and clusters. This work has been
done in collaboration with Rudrani Kar Chowd-
hury, Anto Lonappan, and Tiziana Di Matteo .



Surajit Chattopadhyay

Cosmology of a generalized version of holographic
dark energy in presence of bulk wviscosity and its
inflationary dynamics through slow roll parameters

In this work done jointly with Gargee Chakraborty,
we aimed at reconstructing pa through H in
non-interacting and interacting scenario and holo-
graphic background evolution. The bulk viscous
pressure has been taken as II —3H¢, where
€ =& +&H + &(H + H?). In the reconstruc-
tion scheme reported here, firstly we choose vis-
cous scenario neglecting the contribution of dark
matter and without any choice of scale-factor. A
dark energy (DE) model with higher order deriva-
tive of Hubble parameter, which is a particular
case of Nojiri-Odintsov holographic DE, that uni-
fies phantom inflation with the acceleration of the
universe on late-time. The reconstruction has been
carried out in the presence of bulk-viscosity, where
the bulk-viscous pressure has been taken as a func-
tion of Hubble parameter. Ranges of cosmic time
t have been derived for quintessence, cosmological
constant and phantom behaviour of the equation
of state (EoS) parameter. In the viscous scenario,
the reconstruction has been carried out in an inter-
acting and non-interacting situations and in both
the cases, stability against small perturbations has
been observed. Finally, the slow roll parameters
have been studied and a scope of exit from infla-
tion, has been observed. Also, availability of quasi-
exponential expansion has been demonstrated for
interacting viscous scenario and a study through
tensor to scalar ratio has ensured consistency of
the model with the observational bound by Planck.
Along with primordial fluctuations, the interacting
scenario has been found to generate strong dissipa-
tive regime.

A study of the bulk viscous pressure in scalar fields
and holographic ricci dark energy considered in the
modified gravity framework

This work is rigorous study of the reconstruction
of the modified gravity in the framework of the
scalar field models of dark energy and holographic
Ricci dark energy, a generalized version of the holo-
graphic dark energy presented in S. Nojiri and S. D.
Odintsov [Gen. Rel. Grav. 38, 1285 (2006)]. The
tachyon and quintessence scalar fields have been
considered and the cosmology associated with the
presence of bulk viscosity has been studied. In the
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first part of the study, we have demonstrated the
behaviuor of the bulk viscosity coefficient in the
framework of the reconstructed tachyon scalar field
model of dark energy. The scale factor is chosen in
the form a(t) = apt”, where 8 > 0. Two scalar field
models, namely, tachyon and quintessence have
been considered in the framework of the modi-
fied field equations through incorporation of the
bulk viscous pressure. The reconstructed density
and pressure of the scalar field models have been
explored for the cosmological consequences in the
presence of bulk viscosity. The behaviour of the
effective equation of state parameters has been in-
vestigated. Finally, we have reconstructed f(T)
gravity in the presence of holographic Ricci dark
energy and a transition of the effective equation
of state parameter from quintessence to phantom
has been observed. This work has been carried out
in collaboration with Sthiti Chakrabarti, and Irina
Radinchi.

Bhag Chand Chauhan

Investigating the sterile neutrino parameters with
QLC in 3 + 1 scenario

In the scenario with four generation quarks and
leptons and using a 3 + 1 neutrino model having
one sterile and the three standard active neutri-
nos with a 4 x 4 unitary transformation matrix,
Upnins,, we perform a model-based analysis us-
ing the latest global data and determine bounds
on the sterile neutrino parameters, i.e., the neu-
trino mixing angles. Motivated by our previous
results, where in a quark-lepton complementarity
(QLC) model, we predicted the values of 7 NS =
(913)° and O5MNS = (40.60703)°. In the QLC
model, the non-trivial correlation between C K M,
and PM NS, mixing matrix is given by the cor-
relation matrix V.,. Monte Carlo simulations are
performed to estimate the texture of V., followed
by the calculation of PM NS, using the equation,
Upuns, = (Uckn, ta) ' Ve,, where ¢y is a di-
agonal phase matrix. The sterile neutrino mixing
angles, OFMNS 9PMNS and 9LMNS are assumed
to be freely varying between (0 — w/4), and ob-
tained results which are consistent with the data
available from various experiments, like NovA, MI-
NOS, SuperK, Ice Cube-DeepCore. In further in-
vestigation, we analytically obtain approximately
similar ranges for various neutrino mixing param-
eters | U,q |* and | Uy |?. This work has been
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carried out in collaboration with Gazal Sharma.

Investigating sterile neutrino flux in the solar neu-
trino data

There are compelling evidences for the existence of
a fourth degree of freedom of neutrinos, i.e., sterile
neutrino. In the recent studies, the role of ster-
ile component of neutrinos has been found to be
crucial, not only in particle physics, but also in as-
trophysics and cosmology. This has been proposed
to be one of the potential candidates of dark mat-
ter. In this work, we investigate the updated solar
neutrino data available from all the relevant ex-
periments including Borexino and KamLAND so-
lar phase in a model independent way, and obtain
bounds on the sterile neutrino component present
in the solar neutrino flux. The mystery of the miss-
ing neutrinos is further deepening as subsequent
experiments are coming up with their results. The
energy spectrum of solar neutrinos, as predicted by
Standard Solar Models (SSM), is seen by neutrino
experiments at different parts as they are sensitive
to various neutrino energy ranges. It is interesting
to note that more than 98% of the calculated stan-
dard model solar neutrino flux lies below 1 MeV.
Therefore, the study of low energy neutrinos can
give us better understanding and the possibility to
know about the presence of antineutrino and ster-
ile neutrino components in solar neutrino flux. As
such, this work becomes interesting as we include
the data from medium energy (~1 MeV) experi-
ments, i.e., Borexino and KamLAND solar phase.
In our study, we retrieve the bounds existing in lit-
erature, and rather provide more stringent limits
on sterile neutrino (v,) flux available in solar neu-
trino data. This work has been carried out in col-
laboration with Ankush, Rishu Verma, and Gazal
Sharma.

Himadri Sekhar Das

Bok Globule CB17: Polarization, extinction and
distance

In this work, the results obtained from the polari-
metric study of a Bok Globule CB17 in both optical
and sub-millimeter wavelength are presented. The
optical polarimetric observations in R-band (A =
630 nm, AX = 120 nm) were conducted from 1.04-
meter Sampurnanand Telescope, ARIES, Nainital,
India on 9th March 2016, while the sub-mm po-
larimetric data are taken from the SCUPOL data
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archive which has been reanalyzed. The contours
of Herschel is an ESA space observatory with sci-
ence instruments provided by European-led Princi-
pal Investigator consortia and with important par-
ticipation from NASA. SPIRE 500um dust con-
tinuum emissions of CB17 (typically a cometary-
shaped globule) are overlaid on the DSS image
of CB17 along with polarization vectors (optical
and sub-mm). The magnetic field strength at the
core of the globule is estimated to be 99uG. Using
the near-infrared photometric technique and Gaia
data, the distance to CB17 is found to be 253 £ 43
parsec. A correlation between the various quan-
tities of the globule is also studied. It is observed
that the magnetic field in the cloud core as revealed
by polarization measurements at the sub-mm dust
emission is found to be almost aligned along the
minor axis of the globule, which fits the magnet-
ically regulated star formation model. The mis-
alignment between core-scale magnetic field direc-
tion and molecular outflow direction is also found.
This work has been done in collaboration with G.
B. Choudhury, Ajoy Barman, and Biman J. Medhi

Photometry, spectroscopy, and polarimetry of dis-
tant comet C/2014 A4 (SONEAR)

We present an analysis of spectroscopy, photome-
try, and polarimetry of comet C/2014 A4 (SON-
EAR), which were performed during November 5-
7, 2015, when its heliocentric distance was 4.2 au
and phase angle was 4.7°. Long-slit spectra and
photometric and linear polarimetric images were
obtained using the focal reducer SCORPIO-2 at-
tached to the prime focus of the 6m telescope BTA
(SAO RAS, Russia). We simulated the behavi-
uor of colour and polarization in the coma pre-
senting the cometary dust as a set of polydisperse
polyshapes rough spheroids. No emission features
were detected in the 3800-7200A wavelength range.
The continuum showed a reddening effect with the
normalized gradient of reflectivity 21.6 + 0.2% per
1000A within the 4650-6200A wavelength region.
The fan-like structure in the sunward hemisphere
was detected. The radial profiles of surface bright-
ness differ for r-sdss and g-sdss filters, indicating a
predominance of sub-micron and micron-sized par-
ticles in the cometary coma. The dust colour (g-r)
varies from 0.75 £ 0.05™ to 0.45+ 0.06™ along the
tail. For an aperture radius near 20,000 km, the
dust productions in various filters were estimated



as Afp = 680 £+ 18 c¢m (r-sdss) and 887 + 16 cm
(g-sdss). The polarization map shows spatial varia-
tions in polarization over the coma from about 3%
near the nucleus to —~8% at a cometocentric distance
of about 150,000 km. Our simulations show that
the dust particles are dominated (or covered) by
ice and tholin-like organics. Spatial changes in the
colour and polarization can be explained by particle
fragmentation. This work has been done in collab-
oration with Oleksandra Ivanova, Igor Lukyanyk,
Ludmilla Kolokolova. Marek Husarik, Vera Rosen-
bush, et al.

Sudipta Das
Dynamical system analysis for steep potentials

In this work, we have performed the dynamical
system analysis for steep(er) exponential potentials
considering different values of the steepness index
n. We have performed the analysis using centre
manifold theory as well as by employing numerical
method. We have shown that in most of the cases,
the higher values of steepness index corresponds to
an unstable solution. We have shown that with
this steep(er) potentials, one cannot have a phase
transition from dark matter to dark energy in the
past. This work has been done in collaboration
with Manisha Banerjee, and Namdam Roy.

Abhirup Datta

Detailed study of the ELAIS N1 field with the
uGMRT - I. Characterizing the 325 MHz fore-

ground for redshifted 21 cm observations

In this work, we present initial results of
newly upgraded Giant Metrewave Radio Telescope
(uGMRT) observation of European Large-Area
ISO Survey-North 1 (ELAISNI) at 325 MHz with
32 MHz bandwidth. Precise measurement of fluc-
tuations in galactic and extragalactic foreground
emission as a function of frequency as well as angu-
lar scale is necessary for detecting redshifted 21 cm
signal of neutral hydrogen from cosmic dawn, epoch
of reionization (EoR) and post-reionization. Here,
for the first time, we have statistically quantified
the galactic and extragalactic foreground sources
in the ELAIS-N1 field in the form of angular power
spectrum using the newly developed tapered grid-
ded estimator (TGE). We have calibrated the data
with and without direction-dependent calibration
techniques, and demonstrated the effectiveness of
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TGE against the direction-dependent effects by us-
ing higher tapering of field of view (FoV). We have
found that diffuse galactic synchrotron emission
(DGSE) dominates the sky, after point source sub-
traction, across the angular multipole range 1115
< ¢ < 5083 and 1565 < ¢ < 4754 for direction-
dependent and -independent calibrated visibilities,
respectively. The statistical fluctuations in DGSE
has been quantified as a power law of the form
Cy = AL=P. The best-fitting values of (4, 3) are
(62+6mK? 2.55+0.3) and (48 £4mK?2,2.28+0.4)
for the two different calibration approaches. For
both the cases, the power-law index is consistent
with the previous measurements of DGSE in other
parts of sky. This work has been done in collabo-
ration with Arnab Chakraborty, Samir Choudhuri,
Nirupam Roy, Huib Intema, Madhurima Choud-
hury, et al.

Extracting the 21 cm global signal using articial
neural networks

The study of the cosmic dark ages, cosmic dawn,
and epoch of reionization (EoR) using the all-sky
averaged redshifted HI 21 cm signal, are some of the
key science goals of most of the ongoing or upcom-
ing experiments, for example, EDGES, SARAS,
and the SKA. This signal can be detected by av-
eraging over the entire sky, using a single radio
telescope, in the form of a global signal as a func-
tion of only redshifted HI 21 cm frequencies. One
of the major challenges faced while detecting this
signal is the dominating, bright foreground. The
success of such detection lies in the accuracy of
the foreground removal. The presence of instru-
mental gain fluctuations, chromatic primary beam,
radio frequency interference (RFI), and the Earths
ionosphere corrupts any observation of radio signals
from the Earth. Here, we propose the use of arti-
ficial neural networks (ANNSs) to extract the faint
redshifted 21 cm global signal buried in a sea of
bright galactic foregrounds and contaminated by
different instrumental models. The most striking
advantage of using ANNs is the fact that, when
the corrupted signal is fed into a trained network,
we can simultaneously extract the signal as well as
foreground parameters very accurately. Our results
show that ANNs can detect the global signal with 2>
92 per cent accuracy even in cases of mock observa-
tions, where the instrument has some residual time-
varying gain across the spectrum. This study has
been done in collaboration with Madurima Choud-
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hury, and Arnab Chakrabory.

Ujjal Debnath
Charge gravastars in f(T) modified gravity

We have studied the four dimensional spherically
symmetric stellar system in the framework of mod-
ified f(T) gravity theory with electro-magnetic
field. The field equations have been written for two
cases, either 77 = 0 or frr = 0. Next, we have dis-
cussed the charged gravastar model which has three
regions: interior, shell and exterior. In the interior
region, we have found the solutions of all physical
quantities like density, pressure, electro-magnetic
field and also the metric coefficients for both the
cases. For T = 0, gravastar cannot form but it
forms only for the case frr = 0. In the exterior re-
gion, we have obtained the exterior solution for vac-
uum model. In the shell region, we have assumed
that the interior and exterior regions join together
at a place, so the intermediate region must be thin
shell with the approximation h(= e~?) < 1. Under
this approximation, we have found the analytical
solutions. The proper length of the thin shell, en-
tropy and energy content inside the thin shell have
been found and they are directly proportional to
the proper thickness of the shell € under the approx-
imation (e < 1). According to the Darmois-Israel
formalism, we have studied the matching between
the surfaces of interior and exterior regions of the
gravastar. The energy density, pressure, equation
of state parameter on the surface and mass of the
thin shell have been obtained.

Parametrizations of dark energy models in the back-
ground of general non-canonical scalar field in D-
dimensional fractal universe

We have explored non-canonical scalar field model
in the background of non-flat D-dimensional frac-
tal universe on the condition that the matter and
scalar field are separately conserved. The poten-
tial V', scalar field ¢, function f, densities, Hub-
ble parameter and deceleration parameter can be
expressed in terms of the redshift z, and these de-
pend on the equation of state parameter wy,. We
have also investigated the cosmological analysis of
four kinds of well known parametrization models.
Graphically, we have analyzed the nature of poten-
tial, scalar field, function f, densities, the Hubble
parameter and deceleration parameter. As a result,
the best fitted values of the unknown parameters
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(wp, w1 ) of the parametrization models due to the
joint data analysis (SNIa+BAO+CMB+Hubble)
have been found. Furthermore, the minimum val-
ues of x? function have been obtained. Also we
have plotted the graphs for different confidence lev-
els 66%, 90% and 99% contours for (wg, wq) by
fixing the other parameters. This work has been
done in collaboration with Kazuharu Bamba.

Shantanu Desai

Robust model comparison tests of DAMA/LIBRA
annual modulation

We evaluate the statistical significance of the
DAMA /LIBRA claims for annual modulation using
three independent model comparison techniques,
viz frequentist, information theory, and Bayesian
analysis. We fit the data from the DAMA/LIBRA
experiment to both cosine and a constant model,
and carry out model comparison by choosing the
constant model as the null hypothesis. For the fre-
quentist test, we invoke Wilk’s theorem and cal-
culate the significance using Ax? between the two
models. For information theoretical tests, we calcu-
late the difference in Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC)
between the two models. We also compare the
two models in a Bayesian context by calculating
the Bayes factor. We also search for higher har-
monics in the DAMA/LIBRA data using general-
ized Lomb-Scargle periodogram. We finally test the
sensitivity of these model comparison techniques in
discriminating between pure noise and a cosine sig-
nal using synthetic data. This is the first proof of
principles application of AIC, BIC as well as Bayes
factor to the DAMA data. This evaluation has
been done in collaboration with Aditi Krishak, and
Aisha Dantulurib.

Looking for ancillary signals around GW150914

We replicated the procedure of Liu and Jackson
who had found evidence for a low amplitude signal
in the vicinity of GW150914. This was based upon
the large correlation between the time integral of
the Pearson cross-correlation coefficient in the off-
source region of GW150914, and the Pearson cross-
correlation in a narrow window around GW150914,
for the same time lag between the two LIGO de-
tectors as the gravitational wave signal. Our re-
sults mostly agree with those of Liu and Jackson
We find the statistical significance of the observed



cross-correlation to be about 2.50. We also used
the cross-correlation method to search for short
duration signals at all other physical values of the
time lag, within this 4,096 second time interval, but
do not find evidence for any statistically significant
events in the off-source region. This work Has been
done in Collaboration with Rahul Maroju, Sristi
Ram Dyuthi, and Anumandla Sukrutha.

Shanti Priya Devarapalli

Comprehensive study of a neglected contact binary

TYC 5532-1333-1

A comprehensive photometric and spectroscopic
analysis of the variable TYC5532-1333-1 (TYC)
along with an investigation of its orbital period
variation are presented for the first time. The
B and V band photometric study indicates that
TYC is an intermediate contact binary with de-
gree of contact and mass ratio of 32% and ~0.24,
respectively. The derived equivalent widths from
the spectroscopic study of Ha and Na-I lines re-
veal phase dependent variation and mutual corre-
lation. Using the available times of minimum light,
an investigation of orbital period variation shows a
long-term decrease at a rate of 3.98 x 1076 days/yr.
Expected causes for such decline in the orbital pe-
riod could be angular momentum loss and a quasi-
sinusoidal variation due to light-time effect, proba-
bly caused by a third-body companion. The mini-
mum mass of the third body (M3) was derived to
be 0.65 My _. Our study is an attempt to evaluate
and understand the evolutionary state of above-
mentioned neglected contact binary. This analy-
sis has been done in collaboration with Rukmini
Jagirdar, Rajendra M. Prasad, Vinoy S. Thomas,
Shehab A. Ahmed, R. Gralapally, et al.

Broja Gopal Dutta

Evidence of outflow-induced soft lags of galactic
black holes

The nature of lag variation of galactic black holes
remains enigmatic mostly because of non-linear and
non-local physical mechanisms, which contribute to
the lag of the photons coming from the region close
to the central black holes. One of the widely ac-
cepted major sources of the hard lag is the inverse
Comptonization mechanism. However, the exact
reason, for soft lags has yet to be identified. In this
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work, we report a possible correlation between ra-
dio intensities of several outbursting galactic black
hole candidates and amounts of soft lag. The cor-
relation suggests that the presence of major out-
flows or jets changes the disk morphology along
the line of sight of the observer which produces
soft lags. This work has been done in collaboration
with Dusmanta Patra, Arka Chatterjee, Sandip K.
Chakrabarti, and Prantik Nandi.

Discovery of jet-induced soft lags of XTE J1550-
564 during its 1998 outburst

X-ray time lags are complicated in nature. The
exact reasons for complex lag spectra are as yet
unknown. However, the hard lags, in general, are
believed to be originated due to inverse Comp-
tonization process. Recent studies on “Disk-Jet
Connections” revealed that the jets are also con-
tributing in the X-ray spectral and timing prop-
erties in a magnitude, which was more than what
was predicted earlier. In this work , we first show
an exact anti-correlation between X-ray time lag
and radio flux for XTE J1550-546 during its 1998
outburst. We propose that the soft lags might be
generated due to the change in the accretion disk
structure along the line of sight during higher jet
activity. This work has been done in collaboration
with Arka Chaterjee, Dusmanta Patra, Sandip K.
Chakrabarti, and Prantik Nandi.

Jibitesh Dutta

Linear growth index of matter perturbations in
Rastall gravity

Rastall gravity theory shows notable features con-
sistent with physical observations in comparison
to the standard Einstein theory. Recently, there
has been a debate about the equivalence of Rastall
gravity and general relativity. Motivated by this
open issue, we attempt to shed some light on this
debate by analyzing the evolution of the Rastall
based cosmological model at the background as well
as perturbation level. Employing the dynamical
system techniques, we found that at late times,
the dynamics of the model resembles the ACDM
model at the background level irrespective of the
choice of Rastall’s parameter. However, at the per-
turbation level, we found that the evolution of the
growth index heavily depends on the Rastall’s pa-
rameter and displays a significant deviation from
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the ACDM model. This work has been done in
collaboration with Wompherdeiki Khyllep

Thermodynamics of scalar field models with kinetic
corrections

In this work, we compare the thermodynamical vi-
ability of two types of non-canonical scalar field
models, with kinetic corrections: the square kinetic
and square root kinetic corrections. In modern
cosmology, the generalized second law of thermo-
dynamics (GSLT) plays an important role in de-
ciding thermodynamical compliance of a model as
one cannot consider a model to be viable if it fails
to respect GSLT. Hence, for comparing thermody-
namical viability, we examine the validity of GSLT
for these two models. For this purpose, by em-
ploying the unified first law (UFL), we calculate
the total entropy of these two models in appar-
ent and event horizons. The validity of GSLT is
then examined from the autonomous systems, as
the original expressions of total entropy are very
complicated. Although, at the background level,
both models give interesting cosmological dynam-
ics, however, thermodynamically we found that the
square kinetic correction is more realistic as com-
pared to the square root kinetic correction. More
precisely, the GSLT holds for the square kinetic cor-
rection throughout the evolutionary history except
only during the radiation epoch, where the scalar
field may not represent a true description of the
matter content. On the other hand, the square root
kinetic model fails to satisfy the GSLT in major
cosmological eras. This work has been done in col-
laboration with Binod Chetry, and Wompherdeiki
Khyllep.

Sunandan Gangopadhyay

Cosmology of Bianchi type-I metric using renor-
malization group approach for quantum gravity

We study the anisotropic Bianchi type-I cosmolog-
ical model at late times, taking into account quan-
tum gravitational corrections in the formalism of
the exact renormalization group flow of the effec-
tive average action for gravity. The cosmological
evolution equations are derived by including the
scale dependence of Newton’s constant G and cos-
mological constant A. We have considered the solu-
tions of the flow equations for G at next to leading
order in the infrared cutoff scale. Using these scale
dependent G in Einstein equations for the Bianchi-I
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model, we obtain the scale factors in different direc-
tions. It is shown that the scale factors eventually
evolve into FLRW universe for known matter like
radiation. However, for dust and stiff matter, we
find that the universe need not evolve to the FLRW
cosmology in general, but can also show Kasner
type behaviour. This work has been done in col-
laboration with Rituparna Mandal, and Amitabha
Labhiri.

Holographic entanglement entropy and generalized
entanglement temperature

In this work, we study the flow of holographic en-
tanglement entropy in dimensions d > 3 in the
gauge/gravity duality setup. We observe that a
generalized entanglement temperature Ty can be
defined, which gives the Hawking temperature Ty
in the infrared region and leads to a generalized
thermodynamics like law, F (%) TySREE,
which becomes an exact relation in the entire re-
gion of the subsystem size [, including both the
infrared (I — o) as well as the ultraviolet (I — 0)
regions. Furthermore, in the IR limit, 7,, produces
the Hawking temperature Ty along with some cor-
rection terms, which bears the signature of short
distance correlations along the entangling surface.
Moreover, for d > 3, the IR limit of the renormal-
ized holographic entanglement entropy gives the
thermal entropy of the black hole as the leading
term; however it does not have a logarithmic cor-
rection to the leading term unlike the Baiiados,
Teitelboim, Zanelli (BTZ) black hole (d = 2).
The generalized entanglement temperature 7, also
firmly captures the quantum mechanical to thermal
crossover in the dual field theory at a critical value
l. of the subsystem size in the boundary, which we
graphically represent for AdSs41 and AdSyyq black
holes. We observe that this critical value [. where
the crossover takes place decreases with increase
in the dimension of the spacetime. This work has
been done in collaboration with Ashis Saha and
Jyoti Prasad Saha.

Suman Ghosh

Particle creation by a massless spz'n—% field in a
warped cosmological braneworld scenario

Energy momentum tensor of a quantised massless
bulk spin—% field in five dimensional warped cosmo-
logical spacetimes is studied. The four dimensional
part of our model represents a warped cosmological



thick brane and the scale of the extra dimension is
time-dependent. We use a simple ansatz to solve
the Dirac equation in the bulk that helps us to com-
pare our results with the known four dimensional
case. Renormalisation of the components of the en-
ergy momentum tensor is achieved using adiabatic
regularization method. We compute the leading
order finite contribution to the stress-energy ten-
sor which is of adiabatic order six. The resulting
energy and pressure densities explicitly show the
effects of the so-called warping factor and the dy-
namic extra dimension on the created matter. We
show how the energy density produced is localised
to form 3-branes along the extra dimension.

Sushant G. Ghosh

Shadow cast and deflection of light by charged ro-
tating reqular black holes

We discuss the horizon properties, shadow cast,
and the weak gravitational lensing of charged ro-
tating regular black holes, in addition to mass (M)
and rotation parameter (a) have an electric charge
(@) and magnetic charge (g). The considered are
the generalization of the Kerr (@ = g = 0) and
Kerr-Newman (¢ = 0) black holes. Interestingly,
for a given parameter set, the apparent size of the
shadow monotonically decreases and the shadow
gets more distorted with increasing charge parame-
ter Q. We put constraints on the black hole param-
eters with the aid of recent M87* shadow observa-
tion. The conserved quantities associated with the
rotating regular black holes are calculated, and also
a brief description of the weak gravitational lensing
using the Gauss-Bonnet theorem is presented. In-
terestingly, the deflection angle decreases with the
charge of the black hole. Our results vis-a-vis go
over to the Kerr and Kerr-Newman black holes in
the appropriate limits. This work has been done
in collaboration with Rahul Kumar, and Anzhong
Wang.

Black hole parameter estimation from its shadow

The Event Horizon Telescope (EHT), a global sub-
millimeter wavelength very long baseline interfer-
ometry array, unveiled event-horizon-scale images
of the supermassive black hole M87* as an asym-
metric bright emission ring with a diameter of
42 + 3 pas, and it is consistent with the shadow
of a Kerr black hole of general relativity. A Kerr
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black hole is also a solution of some alternative the-
ories of gravity, while several modified theories of
gravity admit non-Kerr black holes. While ear-
lier estimates for the M&7* black hole mass, de-
pending on the method used, fall in the range
~ 3x10°My—T7x10°M, the EHT data indicated a
mass for the M87* black hole of (6.54-0.7) x 10° M.
This offers another promising tool to estimate black
hole parameters and to probe theories of gravity
in its most extreme region near the event hori-
zon. The important question arises: Is it possi-
ble by a simple technique to estimate black hole
parameters from its shadow, for arbitrary mod-
els? In this work, we present observables, ex-
pressed in terms of ordinary integrals, character-
izing a haphazard shadow shape to estimate the
parameters associated with black holes, and then il-
lustrate its relevance to four different models: Kerr,
Kerr—Newman, and two rotating regular models.
Our method is robust, accurate, and consistent
with the results obtained from existing formalism,
and it is applicable to more general shadow shapes
that may not be circular due to noisy data. This
work has been done in collaboration with Rahul
Kumar

Rupjyoti Gogoi
Formation of disc galaxies around Z ~ 2

We present combined evolution of morphological
and stellar properties of galaxies on the two sides
ofz=2(2.0<z<4.0and 1.5 <z < 2.0) in CDFS,
with ground-based spectroscopic redshifts. We per-
form bulge-disc decomposition on their images in J
and H filters, from the 3DHST Legacy Survey ob-
tained using HST/WFC3. Combining morphologi-
cal information with stellar properties, we provide
a detailed account of the formation/growth of discs
and spheroids around z ~ 2. The fraction of two-
component (bulge+disc) systems increases from 46
per cent for z > 2 to 70 per cent for z < 2, compen-
sating for the fall in population of pure discs and
pure spheroids. All quiescent outliers of our full
sample on the main sequence are two-component
systems, belonging to the lower redshift range (z <
2). The doubling of stellar mass of two-component
systems and decrease in their SFR by the same fac-
tor, suggests that mechanisms involved in morpho-
logical transformations are also responsible for the
quenching of their star formation activity. Interest-
ingly, while there is substantial increase in the size
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(2.5 times) and mass (5 times) of pure discs, from
z > 2 to z < 2, pure spheroids maintain roughly
the same values. Additionally, while bulge host-
ing discs witness an expansion in scale length (1.3
times), their bulge sizes as well as bulge to total
light ratio see no evolution, suggesting that z ~ 2
is pre-dominantly a disc formation period. This
work has been done in collaboration with Sonali
Sachdeva,Kanak Saha, Ajit Kembhavi,and Somak
Raychaudhury.

Unravelling the unusually curved X-ray spectrum of
RGB J0710+591 using AstroSat observations

We report the analysis of simultaneous multi-
wavelength data of the high energy peaked blazar
RGB J0710+591 from the LAXPC, SXT and UVIT
instruments on-board AstroSat. The wide band X-
ray spectrum (0.35 - 30 keV) is modelled as syn-
chrotron emission from a non-thermal distribution
of high energy electrons. The spectrum is unusu-
ally curved, with a curvature parameter 3, ~ 6.4
for a log parabola particle distribution, or a high
energy spectral index ps > 4.5 for a broken power-
law distribution. The spectrum shows more cur-
vature than an earlier quasi-simultaneous analysis
of Swift-XRT/ NuSTAR data where the parameters
were (3, ~ 2.2 or ps ~ 4. It has long been known
that a power-law electron distribution can be pro-
duced from a region where particles are acceler-
ated under Fermi process and the radiative losses
in acceleration site decide the maximum attainable
Lorentz factor, vimaes. Consequently, this quantity
decides the energy at which the spectrum curves
steeply. We show that such a distribution provides
a more natural explanation for the AstroSat data
as well as the earlier XRT/NuSTAR observation,
making this as the first well constrained determi-
nation of the photon energy corresponding to Y,maz-
This in turn provides an estimate of the accelera-
tion time-scale as a function of magnetic field and
Doppler factor. The UVIT observations are consis-
tent with earlier optical/UV measurements and re-
confirm that they plausibly correspond to a differ-
ent radiative component than the one responsible
for the X-ray emission. This analysis has been done
in collaboratio with Pranjupriya Goswami, Atreyee
Sinha, Sunil Chandra, Ranjeev Misra, Varsha Chit-
nis, et al.
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Gaurav Goswami

Enhancement of axion decay constants in type IIA
theory?

We investigate the possibility of enhancement of
effective axion decay constant in well controlled
constructions in string theory. To this end, we
study the dynamics of axions arising in the com-
pactifications of type ITA string theory on Calabi-
Yau orientifolds with background fluxes (with non-
perturbative effects included to ensure stabilization
of all moduli). In this setup, we attempt to ob-
tain large effective axion decay constant in two dif-
ferent ways: by searching for a direction in field
space, in which the potential is sufficiently flat and
by arriving at a very explicit stringy embedding
of the Kim-Nilles-Peloso (KNP) alignment mech-
anism. We do not find super-Planckian effective
decay constants by either of the approaches. Fur-
thermore, we find that the alignment angle of KNP
mechanism can not be made arbitrarily small by
adjusting the fluxes.

Trans-Planckian censorship conjecture and non-
thermal post-inflationary history

The recently proposed Trans-Planckian Censorship
conjecture (TCC) can be used to constrain the en-
ergy scale of inflation. The conclusions, however,
depend on the assumptions about post-inflationary
history of the Universe. For example, in the stan-
dard case of a thermal post-inflationary history in
which the Universe stays radiation dominated at
all times from the end of inflation to the epoch
of radiation matter equality, TCC has been used
to argue that the Hubble parameter during infla-
tion, Hing, is below O(0.1) GeV. Cosmological sce-
narios with a non-thermal post-inflationary history
are well-motivated alternatives to the standard pic-
ture, and it is interesting to find out the possible
constraints which TCC imposes on such scenarios.
In this work, we find out the amount of enhance-
ment of the TCC compatible bound on Hiys if post-
inflationary history before nucleosynthesis is non-
thermal. We then argue that if TCC is correct, for
a large class of scenarios, it is not possible for the
universe to have undergone a phase of moduli dom-
ination. This work has been done in collaboration
with Mansi Dhuria.



Umananda Dev Goswami

Supersymmetric hybrid inflation with non-minimal
coupling to gravity

The paradigm of cosmic inflation has been stud-
ied using the simplest model based on the idea of
supersymmetric hybrid inflation with non-minimal
coupling to gravity, specially under the slow-roll
approximation following the superconformal ap-
proach to supergravity. It is found that within a
range of values of the non-minimal coupling param-
eter &, the model can accommodate the inflation
data reported by the Planck (ns and upper limit
of r) and BICEP2/Keck (upper limit of r) collab-
orations. The study shows that the most probable
value of € should be ~ 0.0134£0.0005. That is cou-
pling is found to be very weak. Within this range
of &, the values of r estimated from our model for
50 — 70 e-foldings are found to lay well below the
upper limits set by the Planck and BICEP2/Keck
collaborations. Similarly, values of ns obtained for
the said parameters are in good agreement with its
latest data of the Planck collaboration. The con-
straint equations for running of the scalar spectral
index ng; and its running nggy are derived from the
numerical solutions of our model for these parame-
ters. These equations can be used to test our model
from the data of future cosmological observations.

Shivappa Bharamappa Gudennavar

Are narrow-line Seyfert 1 galaxies powered by low-
mass black holes?

Narrow-line Seyfert 1 galaxies (NLS1s) are believed
to be powered by the accretion of matter onto low-
mass black holes (BHs) in spiral host galaxies with
BH masses Mps ~ 105 to 108 M. However, the
broadband spectral energy distribution of the -
ray-emitting NLS1s are found to be similar to flat-
spectrum radio quasars. This challenges our cur-
rent notion of NLS1s having low Mpg. To resolve
this tension of low Mppy values in NLS1s, we fit-
ted the observed optical spectrum of a sample of
radio-loud NLS1s (RL-NLS1s), radio-quiet NLS1s
(RQ-NLS1s), and radio-quiet broad-line Seyfert 1
galaxies (RQ-BLS1s) of ~ 500 each with the stan-
dard Shakura-Sunyaev accretion disk (AD) model.
For RL-NLS1s, we found a mean log(MaE /M) of
7.98 + 0.54. For RQ-NLS1s and RQ-BLS1s, we
found mean log(M&R /M) of 8.00 £ 0.43 and 7.90
+ 0.57, respectively. While the derived MZY val-
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ues of RQ-BLS1s are similar to their virial masses,
for NLS1s the derived MZY values are about an
order of magnitude larger than their virial esti-
mates. Our analysis, thus indicates that NLS1s
have Mppy similar to RQ-BLS1s, and their avail-
able virial Mgy values are underestimated, influ-
enced by their observed relatively small emission
line widths. Considering Eddington ratio as an es-
timation of the accretion rate and using Mé%), we
found the mean accretion rate of our RQ-NLS1s,
RL-NLS1s, and RQ-BLS1s as 0.0679:2¢ 0.0579:18
and O.O5f81(1)2, respectively. Our results therefore,
suggest that NLS1s have BH masses and accretion
rates that are similar to BLS1s. This work has been
done in collaboration with Gayathri Viswanath, C.
S. Stalin, Suvendu Rakshit, Kshama S. Kurian, K.
Ujjwal, et al.

Unveiling the temporal properties of MAXI
J1820+070 through AstroSat observations

We present here the results of the first broadband
simultaneous spectral and temporal studies of the
newly detected black hole binary MAXI J1820+070
as seen by Soft X-ray Telescope and Large Area
X-ray Proportional Counter (LAXPC) on board
AstroSat. The observed combined spectra in the
energy range 0.7-80 keV were well modelled using
disk blackbody emission, thermal Comptonization,
and a reflection component. The spectral analy-
sis revealed that the source was in its hard spectral
state (I = 1.61) with a cool disk (kT;, = 0.22keV).
We report the energy dependent time-lag and root
mean squared (rms) variability at different frequen-
cies in the energy range 3-80 keV using LAXPC
data. We also modelled the flux variability using a
single-zone stochastic propagation model to quan-
tify the observed energy dependence of time lag
and fractional rms variability, and then compared
the results with that of Cygnus X-1. Additionally,
we confirm the detection of a quasi-periodic oscilla-
tion with the centroid frequency at 47.7 mHz. This
study has been done in collaboration with Sneha
Prakash Mudambe, Bari Magbool Bhat, Ranjeev
Misra, Sabhya Hebbar, J. S. Yadav, et al.

Sarbari Guha

Thermodynamics of FRW universe with Chaplygin
gas models

In this work, we have examined the validity of the
generalized second law of thermodynamics (GSLT)



| arfde widdea 2019- 20

in an expanding Friedmann Robertson Walker
(FRW) universe filled with different variants of
Chaplygin gases. Assuming that the universe is
a closed system bounded by the cosmological hori-
zon, we first present the general prescription for the
rate of change of total entropy on the boundary. In
the subsequent part, we have analyzed the validity
of the generalised second law of thermodynamics
on the cosmological apparent horizon and the cos-
mological event horizon for different Chaplygin gas
models of the universe. The analysis is supported
with the help of suitable graphs to clarify the status
of the GSLT on the cosmological horizons. In the
case of the cosmological apparent horizon, we have
found that some of these models always obey the
GSLT, whereas the validity of GSLT on the cos-
mological event horizon of all these models depend
on the choice of free parameters in the respective
models. This work has been done in collaboration
with Samarjit Chakraborty.

On the gravitational entropy of accelerating black
holes

We have examined the validity of a proposed def-
inition of gravitational entropy in the context of
accelerating black hole solutions of the Einstein
field equations, which represent the realistic black
hole solutions. We have adopted a phenomenolog-
ical approach proposed in Rudjord et al. and ex-
panded by Romero et al. in which the Weyl cur-
vature hypothesis is tested against the expressions
for the gravitational entropy. Considering the C-
metric for the accelerating black holes, we have
evaluated the gravitational entropy, and the corre-
sponding entropy density for four different types of
black holes, namely, non-rotating black hole, non-
rotating charged black hole, rotating black hole
and rotating charged black hole. We end up by
discussing the merits of such an analysis and the
possible reason of failure in the particular case of
rotating charged black hole and comment on the
possible resolution of the problem.

Mamta Gulati
Ram pressure stripping: An analytical approach

We take an analytical approach to study ram pres-
sure stripping, using simple models for discs and
the distribution of halo gas to look at this phe-
nomenon in cluster, group and galaxy haloes. We
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also study variations in galaxy properties and red-
shift. In each case, we model the worst-case sce-
nario (i.e., the maximum effect resulting from ram
pressure). We show that the worst-case scenario
is not affected greatly by changes in redshift. We
find that gas discs in galaxies with a higher spin
parameter are stripped sooner than galaxies with a
smaller spin parameter. Galaxies in cluster haloes
are stripped of gas more efficiently compared with
group and galaxy haloes, because they have a
higher infall speed and a higher density of gas in the
intra-cluster medium (i.e., as a result of a greater
retention of baryons). We comment on the limita-
tions of our model, and we look at and illustrate a
situation where a significant amount of gas may be
retained in the galaxy disc. Finally, we discuss the
implications for star formation in galaxies during
infall into haloes. This work has been done in col-
laboration with Ankit Singh, and Jasjeet S. Bagla.

Priya Hasan
GAIA: The 3D milky way mapper

GAIA (Global Astrometric Interferometer for As-
trophysics) is a mission of the European Space
Agency (ESA), which will make the largest, most
precise three dimensional map of our galaxy by an
unparalleled survey of one per cent of the galaxy’s
population of 100 billion stars with the precision
of micro arcseconds. This article briefly reviews
GAIA, the data releases (DR), and the possible im-
plications of this mission. We introduce the DR1
and DR2 data releases and the scientific outcomes
of DR1 as a forerunner to the DR2 of this one-of-a-
kind mission. The DR2 was released on 25 th April
2018 and this study aims to prepare the reader for
this great milestone in astronomy.

K. P. Harikrishnan

Quantifying information loss on chaotic attractors
through recurrence networks

We propose an entropy measure for the analysis
of chaotic attractors through recurrence networks,
which are un-weighted and un-directed complex
networks constructed from time series of dynam-
ical systems using specific criteria. We show that
the proposed measure converges to a constant value
with increase in the number of data points on the
attractor (or the number of nodes on the network)



and the embedding dimension used for the con-
struction of the network, and clearly distinguishes
between the recurrence network from chaotic time
series and white noise. Since the measure is char-
acteristic to the network topology, it can be used
to quantify the information loss associated with the
structural change of a chaotic attractor in terms of
the difference in the link density of the correspond-
ing recurrence networks. We also indicate some
practical applications of the proposed measure in
the recurrence analysis of chaotic attractors as well
as the relevance of the proposed measure in the
context of the general theory of complex networks.
This work has been done in collaboration with Ran-
jeev Misra, and G. Ambika

Jessy Jose

A nowvel survey for young substellar objects with the
W-band filter: The coolest and lowest mass mem-
bers of the Serpens-South Star-forming region

Given its relative proximity (~ 430 pc), compact
size (< 20'), young age (~ 0.5 Myr), and rich
number of young stellar objects, the Serpens-South
star-forming region is a promising site for studying
young substellar objects, yet the low-mass mem-
bers of this region remain largely undiscovered. In
our deep photometric survey using a custom 1.45
pm filter (W-band), as well as standard J and H
near-IR filters using 3.6m Canada-France-Hawaii
Telescope (CFHT), we identify candidate low-mass
young brown dwarfs in the Serpens-South region.
We constructed a reddening-insensitive index (Q)
by combining J, H and W-band photometry for
survey objects, in order to identify candidate low-
mass members of Serpens based on the strength of
the water-absorption feature at 1.45 pym in the at-
mospheres of mid-M and later objects. We then
conducted spectroscopic follow-up using ArColIRIS
spectrograph of 4m Blanco Telescope to confirm
youth and spectral type for our candidates. This
is the first survey to identify the very low-mass
and coolest members of Serpens-South. We identify
four low-mass candidate Serpens members, which
all display IR excess emission, indicating the likely
presence of circumstellar disks around them. One
of the four candidate low-mass members in our
list, SERP182918-020245, exhibits Pag and Bry
emission features, confirming its youth and on-
going magnetospheric accretion. Our new candi-
date members have spectral types >M4 and are
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the coolest and lowest mass candidate members
yet identified in Serpens-South. This survey has
been done in collaboration with Beth A. Biller, Loic
Albert, Sophie Dubber, Katelyn Allers, Gregory J
Herezeg, et al.

Md. Mehedi Kalam

Analytical model of strange star in Durgapal space-
time.

we have presented a new strange star model based
on Durgapal IV metric. Here, we have applied a
specific method to study the inner physical proper-
ties of the compact objects 4U 1702-429, 2A 1822-
371, PSR J1756-2251, PSR J1802-2124 and PSR
J171340747, and calculated central density (po),
surface density (py), central pressure (pg), surface
red-shift (Z5), compactness and probable radius of
the above mentioned star. Further, we perform
different tests to study the stability of our model
and finally we are able to give an equation based
on pressure and density, i.e., probable equation of
state (EoS) which has an important significances in
the field of astrophysics. This work has been done
in collaboration with Rabiul Islam, and Sajahan
Molla.

Nishikanta Khandai

The population of galaxies that contribute to the HI
mass function

We look at the contribution of different galaxy pop-
ulations to the atomic hydrogen (HI) mass func-
tion (HIMF) and the HI density parameter, Qpr,
in the local universe. Our analysis is based on a
sample of 7857 Hl-selected galaxies from a volume
common to the SDSS and ALFALFA (40% cata-
logue — «.40) surveys. We define different pop-
ulations of galaxies in the colour(u-r)-magnitude
(M) plane and compute the HIMF for each of
them. Additionally, we compute the HIMF for
dark galaxies; these are undetected in SDSS and
represent ~ 2% of the total sample. We find that
the luminous red population dominates the total
HIMF for log,o(Muih%,/Mg) > 10.4. The full
red population — luminous and faint — represents
about ~ 17% of the Qu1 budget, while that of the
dark population is ~ 3%. The HIMF about the
knee, log,o(Muih2,/Mg) € [8,10.4], is dominated
by the faint and luminous blue populations, the
latter dominating at larger masses in this interval.
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Their total contribution to Qgr is ~ 55 — 70%, the
variation depending on the definition of popula-
tion. The dominant populations at the low mass
end, log,,(Murh?,/My) < 8.0 are the faint blue
and faint bluer populations, the latter’s dominance
being sensitive to its definition. The full blue (blue—
bluer luminous and faint) population represents
~ 80% of Qui. A bimodal HIMF suggested by our
results is, however, not seen since the amplitude of
the HIMF of the luminous red population is small
compared to that of the luminous blue population.
This work has been done in collaboration with Saili
Dutta, and Biprateep Dey.

Nagendra Kumar
Turbulence effect on the stability of molecular cloud

Observations show that molecular clouds are the
sites of star formation and have a clumpy struc-
ture. Since some properties of massive molecular
clouds can not be explained by isothermal equa-
tion of state, so an alternative form of equation of
state, i.e. logatropic equation of state is consid-
ered to study the stability of molecular cloud. So
stability of self-gravitating, magnetized and warm
molecular cloud is studied taking into account the
turbulence effect. We consider molecular cloud as
a partially ionized composed of ions and neutrals,
self-gravitating, warm and magnetized medium. A
logarithmic term is added in the equation of state
to include the effect of turbulent motion. A bi-
quadratic dispersion relation is obtained, and is dis-
cussed in a special case by ignoring friction between
ions and neutrals. It is found that waves propagate
with faster speed if perturbation wavelength is less
than the Jeans length of the ion component and
greater than the Jeans length of the neutral com-
ponent. This work has been done in collaboration
with Meenakshi Yadav.

Suresh Kumar
Testing the warmness of dark matter

Dark matter (DM) as a pressureless perfect fluid
provides a good fit of the standard ACDM model
to the astrophysical and cosmological data. In
this work, we investigate two extended properties
of DM: a possible time dependence of the equa-
tion of state of DM via Chevallier-Polarski-Linder
parametrization, Wam = Wdamo + Wam1(1 — a), and
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the constant non-null sound speed éf)dm. We ana-
lyze these DM properties on top of the base ACDM
model by using the data from Planck cosmic mi-
crowave background (CMB) temperature and po-
larization anisotropy, baryonic acoustic oscillations
(BAO) and the local value of the Hubble constant
from the Hubble Space Telescope (HST). We find
new and robust constraints on the extended free
parameters of DM. The most tight constraints are
imposed by CMB + BAO data, where the three
parameters wqmo, Wam1 and éidm are respectively
constrained to be less than 1.43 x 1073, 1.44 x 1073
and 1.79 x 1076 at 95% CL. All the extended
parameters of DM show consistency with zero at
95% CL, indicating no evidence beyond the CDM
paradigm. We notice that the extended proper-
ties of DM significantly affect several parameters
of the base ACDM model. In particular, in all
the analyses performed here, we find significantly
larger mean values of Hj and lower mean values of
og in comparison to the base ACDM model. Thus,
the well-known Hy and og tensions might be recon-
ciled in the presence of extended DM parameters
within the ACDM framework. Also, we estimate
the warmness of DM particles as well as its mass
scale, and find a lower bound: ~ 500 eV from our
analyses. This work has been done in collaboration
with Rafael C. Nunes, and Santosh Kumar Yadav.

Constraints on Bianchi type-1 spacetime extension

of the standard ACDM model

We consider the simplest anisotropic generaliza-
tion, as a correction, to the standard ACDM model,
by replacing the spatially flat Robertson-Walker
metric by the Bianchi type-I metric, which brings
in a new term Qy0a~® (mimicking the stiff fluid)
in the average expansion rate H(a) of the universe.
From Hubble and Pantheon data, relevant to the
late universe (z < 2.4), we obtain the constraint
Qo0 < 1073, in line with the model independent
constraints. When the baryonic acoustic oscilla-
tions and cosmic microwave background (CMB)
data are included, the constraint improves by 12
orders of magnitude, i.e., Qyo < 107, We find
that this constraint could alter neither the matter-
radiation equality redshift nor the peak of the mat-
ter perturbations. Demanding that the expansion
anisotropy has no significant effect on the stan-
dard Big Bang Nucleosynthesis (BBN), we find the
constraint Q50 < 10723, We show explicitly that
the constraint from BBN renders the expansion



anisotropy irrelevant to make a significant change
in the CMB quadrupole temperature, whereas the
constraint from the cosmological data in our model
provides the temperature change up to ~ 11mK,
though it is much beyond the CMB quadrupole
temperature. This work has been done in collab-
oration with Ozgur Akarsu, Shivani Sharma, and
Luigi Tedesco.

Smriti Mahajan
Galary And Mass Assembly (GAMA): Properties

and evolution of red spiral galazies

We use multiwavelength data from the Galaxy And
Mass Assembly (GAMA) survey to explore the
cause of red optical colours in nearby (0.002 < z <
0.06) spiral galaxies. We show that the colours
of red spiral galaxies are a direct consequence of
some environment-related mechanism(s) that has
removed dust and gas, leading to a lower star for-
mation rate. We conclude that this process acts
on long time-scales (several Gyr) due to a lack of
morphological transformation associated with the
transition in optical colour. The specific star for-
mation rate (sSFR) and dust-to-stellar mass ratio
of red spiral galaxies is found to be statistically
lower than blue spiral galaxies. On the other hand,
red spirals are on average 0.9 dex more massive,
and reside in environments 2.6 times denser than
their blue counterparts. We find no evidence of
excessive nuclear activity, or higher inclination an-
gles to support these as the major causes for the red
optical colours seen in > 47 per cent of all spirals
in our sample. Furthermore, for a small subsam-
ple of our spiral galaxies that are detected in H I,
we find that the SFR of gas-rich red spiral galax-
ies is lower by 1 dex than their blue counterparts.
This work has been done in collabration with Kirti
Kamal Gupta, Rahul Rane, Michael J. I. Brown,
Steven Phillipps, Joss Bland-Hawathorn, et. al.

Titus K. Mathew

First law of thermodynamics and emergence of cos-
mic space in a non-flat universe

The emergence of cosmic space as cosmic time pro-
gresses is an exciting idea advanced by Padman-
abhan to explain the accelerated expansion of the
universe. The generalization of Padmanabhan’s
conjecture to the non-flat universe has resulted in
scepticism about the choice of volume such that
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the law of emergence can not be appropriately for-
mulated if one uses proper invariant volume. The
deep connection between the first law of thermody-
namics and the law of emergence, motivate us to
explore the status of the first law in a non-flat uni-
verse when one uses proper invariant volume. We
have shown that the first law of thermodynamics,
dE =TdS + WdV cannot be formulated properly
for a non-flat universe using proper invariant vol-
ume. We have also investigated the status of the
first law of the form —dF = T'dS in a non-flat uni-
verse. We have shown that the energy change dFEy
within the horizon and the outward energy flux are
not equivalent to each other in a non-flat universe
when we use the proper invariant volume. We fur-
ther point out that the consistency between the
above two forms of the first law claimed in will hold
only with the use of the real volume of the horizon.
The failure in formulating the first law of thermo-
dynamics with the use of invariant volume shows
that the invariant volume will be a poor choice to
describe any thermodynamic process in cosmology.
This work has been done in collaboration with Ha-
reesh Thuruthipilly, and P.B. Krishna.

Dynamical system analysis and thermal evolution
of the causal dissipative model

The dynamical system behaviour and thermal evo-
lution of a homogeneous and isotropic dissipative
universe are analyzed. The dissipation is driven by
the bulk viscosity and the evolution of bulk viscous
pressure is described using the full causal Israel-
Stewart theory. We find that for s = 1/2, the model
possesses a prior decelerated epoch,which is unsta-
ble and a stable future accelerated epoch. From
the thermodynamic analysis, we have verified that
the local as well as the generalised second law of
thermodynamics are satisfied throughout the evo-
lution of the universe. We also show that the con-
vexity condition is satisfied at the end stage of the
universe, which implies an upper bound to the evo-
lution of the entropy. For, the case s < 1/2 is ruled
out since it does not predict the conventional evolu-
tionary stages of the universe. On the other hand,
the case s > 1/2 does imply a prior decelerated
and a late de Sitter epochs, but both of them are
unstable fixed points. The thermal evolution cor-
responding to the same case implies that GSL is
satisfied at both the epochs but convexity condi-
tion is violated by both, so that entropy growth is
unbounded. Hence for s > 1/2, the model does not
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give a stable evolution of the universe. This work
has been done in collaboration with N.D. Jerin Mo-
han, P.B. Krishna, and Athira Sasidharan.

Irom Ablu Meitei

Generalized Klein-Gordon equation and quantum
gravity corrections to tunnelling of scalar particles
from Kerr-Newman black hole

In this work, we deduce the generalized Klein-
Gordon equation in curved spacetime in the pres-
ence of an electromagnetic field from first princi-
ples, using the generalized uncertainty principle.
Using this equation, we study the tunnelling of
scalar particles from a Kerr-Newman black hole.
Corrections to the Hawking temperature and en-
tropy of the black hole due to quantum gravity ef-
fects are discussed. This work has been done in col-
laboration with A. Keshwarjit Singh, Talem Ibun-
gochouba Singh, and K. Yugindro Singh.

Effect of GUP on Hawking radiation of BTZ black
hole

The Hawking radiation of BTZ black hole is in-
vestigated based on generalized uncertainty prin-
ciple effect by using Hamilton-Jacobi method and
Dirac equation. The tunnelling probability and
the Hawking temperature of the spin 1/2 particles
of the BTZ black hole is investigated using modi-
fied Dirac equation based on the GUP. The modi-
fied Hawking temperature for Fermion crossing the
black hole horizon includes the mass parameters
of the black hole, angular momentum, energy and
also outgoing mass of the emitted particle. Be-
sides, considering the effect of GUP into account,
the modified Hawking radiation of massless par-
ticle from a BTZ black hole is investigated using
Damour and Ruffini method, tortoise coordinate
transformation and modified Klein-Gordon equa-
tion. The relation between the modified Hawk-
ing temperature obtained by using Damour-Ruffini
method and the energy of the emitted particle is
derived. The original Hawking temperature is also
recovered in the absence of quantum gravity ef-
fects. This work has been done in collaboration
with Talem Ibungochouba Singh, and Y. Kenedy
Meitei
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Hameeda Mir and Rizwan Ul Haq
Ansari

Modified theory of gravity and clustering of multi
component system of galazies

We analyze the clustering of galaxies using a mod-
ified theory of gravity, in which the field content of
general relativity has been increased. This increas
changes the large distance behaviour of the the-
ory, and in weak field approximation, it will also
modify the large distance behaviour of Newtonian
potential. So, we analyze the clustering of multi-
component system of galaxies interacting through
this modified Newtonian potential. We obtain the
partition function for this multi-component system,
and study the thermodynamics of this system, and
we analyze the effects of the large distance modi-
fication to the Newtonian potential on Helmholtz
free energy, internal energy, entropy, pressure and
chemical potential of this system, and we obtain
also the modified distribution function and the
modified clustering parameter for this system, and
hence, observe the effect of large distance modifica-
tion of Newtonian potential on clustering of galax-
ies. This study has been done in collaboration with
Behnam Pourhassasn, Mir Faizal, C.P. Masroor,
and P. K. Suresh.

Sourav Mitra

Heavy dark matter particle annihilation in dwarf
spheroidal galazies: Radio signals at the SKA tele-
scope

A weakly interacting dark matter candidate is diffi-
cult to detect at high-energy colliders like the LHC,
if its mass is close to, or higher than a TeV. On the
other hand, pair-annihilation of such particles may
give rise to ete™ pairs in dwarf spheroidal galaxies
(dSph), which in turn can lead to radio synchrotron
signals that are detectable at the upcoming Square
Kilometre Array (SKA) telescope within a moder-
ate observation time. We investigate the circum-
stances under which this complementarity between
collider and radio signals of dark matter can be use-
ful in probing physics beyond the standard model of
elementary particles. Both particle physics issues
and the roles of diffusion and electromagnetic en-
ergy loss of the e are taken into account. First, the
criteria for detectability of trans-TeV dark matter
are analysed independently of the particle physics
model(s) involved. We, thereafter, use some bench-



marks based on a popular scenario, namely, the
minimal supersymmetric standard model. It is,
thus, shown that the radio flux from a dSph like
Draco should be observable in about 100 hours at
the SKA, for dark matter masses upto 4-8 TeV. In
addition, the regions in the space spanned by astro-
physical parameters, for which such signals should
be detectable at the SKA, are marked out. This
work has been done in collaboration with Arpan
Kar, Biswarup Mukhopadhyaya, and Tirthankar
Roy Choudhury.

Constraints on dark matter annihilation in dwarf
spheroidal galaxies from low frequency radio obser-
vations

We present the first observational limits on the pre-
dicted synchrotron signals from particle dark mat-
ter annihilation models in dwarf spheroidal galax-
ies at radio frequencies below 1 GHz. We use a
combination of survey data from the Murchison
Widefield Array (MWA) and the Giant Metrewave
Radio Telescope to search for diffuse radio emis-
sion from 14 dwarf spheroidal galaxies. For in situ
magnetic fields of 1 4G and any plausible value for
the diffusion coefficient, our limits do not constrain
any dark matter models. However, for stronger
magnetic fields, our data might provide constraints
comparable to existing limits from gamma-ray and
cosmic-ray observations. Predictions for the sensi-
tivity of the upgraded MWA show that models with
dark matter particle mass up to ~ 1.6 TeV (1 TeV)
may be constrained for a magnetic field of 2 uG (1
1G). While much deeper limits from the future low
frequency Square Kilometre Array (SKA) will chal-
lenge the LHC in searches for dark matter parti-
cles, the MWA provides a valuable first step toward
the SKA at low frequencies. This work has been
done in collaboration with Arpan Kar, Biswarup
Mukhopadhyaya, Tirthankar Roy Choudhury, and
Steven Tingay.

Aditya Sow Mondal and Biplab Ray-
chaudhuri

Study of the reflection spectrum of the bright atoll
source GX 3+1 with NuSTAR

We report on the NuSTAR observation of the
atoll type neutron star (NS) low-mass X-ray bi-
nary GX 341 performed on October 17, 2017. The
source was found in a soft X-ray spectral state
with 3 — 70 KeV luminosity of Lx ~ 3 x 1037
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ergs s~ (~ 16% of the Eddington luminosity), as-
suming a distance of 6 kpc. A positive correla-
tion between intensity and hardness ratio suggests
that the source was in the banana branch dur-
ing this observation. The broadband 3 — 70 KeV
nustar spectral data can be described by a two-
component continuum model consisting of a disk
blackbody (kTgisc ~ 1.8 KeV) and a single tem-
perature blackbody model (kT ~ 2.7 KeV). The
spectrum shows a clear and robust indication of
relativistic reflection from the inner disc, which is
modelled with a self-consistent relativistic reflec-
tion model. The accretion disc is viewed at an
inclination of i ~ 22 — 26 degree and extended
close to the NS, down to Ri, = (1.2 —1.8) Risco (=~
6.1 —9.1 R, or 14 — 20.5 km), which allows an up-
per limit on the NS radius (< 13.5 km). Based on
the measured flux and the mass accretion rate, the
maximum radial extension for the boundary layer
is estimated to be ~ 6.3 R, from the NS surface.
However, if the disc is not truncated by the bound-
ary layer but by the magnetosphere, an estimated
upper limit on the polar magnetic field would be of
B < 6 x 108 G. This observation has been done in
collaboration with Gulab C. Dewangan

Pradip Mukherjee

A new action for non-relativistic particle in curved
background

We obtain a new form for the action of a non-
relativistic particle coupled to Newtonian gravity.
The result is different from that existing in the lit-
erature which, as shown here, is riddled with prob-
lems and inconsistencies. The present derivation
is based on the formalism of Galilean gauge the-
ory, introduced by us as an alternative method
of analysing non-relativistic symmetries in gravi-
tational background. This work has been done in
collaboration with Rabin Banerjee.

Constrained Hamiltonian analysis of a mnon-
relativistic Schrodinger field coupled with Chern-
Simons gravity

The coupling is achieved by the recently advanced
Galilean gauge theory. The calculations are re-
peated with a truncated model to show that de-
viation from Galilean gauge theory makes the the-
ory untenable. The issue of non-relativistic spatial
diffeomorphism is discussed in this context. This
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work has been done in collaboration with Abdus
Sattar.

Hemwati Nandan

Analytic solutions of the geodesic equation for
Reissner-Nordstrm-(anti- )de Sitter black holes sur-
rounded by different kinds of regular and exotic
matter fields

The purpose of this study is the derivation of the
equation of motion for particles in the spacetime
of Reissner-Nordstrm-(anti-)de Sitter black holes
in the background of different kinds of regular and
exotic matter fields. The complete analytical solu-
tions of the geodesic equations are given in terms of
the elliptic Weierstra §-p function and the hyperel-
liptic Kleinian o-function. Finally, after analyzing
the geodesic motion of test particles and light us-
ing parametric diagrams and effective potentials,
we present a list of all possible orbits. This work
has been done in collaboration with Arindam Ku-
mar Chatterjee, Kai Flathmann, and Anik Rudra.

Long-term  (2005-2012) measurements of near-
surface air pollutants at an urban location in the
Indo-Gangetic Basin

Simultaneous long-term measurements of near-
surface air pollutants at an urban station, New
Delhi, were studied during 2005 — 2012 to un-
derstand their distribution on different temporal
scales. The annual mean mass concentrations of
Nitrogen dioxide (NOs), Sulphur dioxide (SOz),
particulate matter less than 10um (P M) and sus-
pended particulate matter (SPM) were found to
be 62.0 + 27.6,12.5 + 8.2,253.7 £ 134 and 529.2 +
213.1ug/m?3, respectively. The 24 — hr mean mass
concentrations of NOs, PMyy and SPM were ex-
ceeded on ~ 27%,87% and 99% days that of to-
tal available measurement days to their respective
National Ambient Air Quality Standard (NAAQS)
level. However, it never exceeded for SOy, which
could be attributed to reduction of Sulphur in
diesel, use of cleaner fuels such as compressed nat-
ural gas, LPG, etc. The mean mass concentrations
of measured air pollutants were found to be the
highest during the winter/post-monsoon seasons,
which are of concern for both climate and human
health. The annual mean mass concentrations of
NOy, PM;yy and SPM showed an increasing trend,
while SO, appears to be decreasing since 2008. Air
mass cluster analysis showed that north-northwest
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trajectories accounted for the highest mass concen-
trations of air pollutants (more prominent in the
winter /post-monsoon season); however, the low-
est were associated with the southeast trajectory
cluster. This work has been done in collaboration
with Nanda Kishore, Atul K. Srivastava, Chhavi P.
Pandey, S Agrawal, Narendra Singh et al.

Biswajit Pandey

Can we constrain the dark energy equation of state
parameters using conguration entropy ¢

We propose a new scheme for constraining the dark
energy equation of state parameter/parameters
based on the study of evolution of conguration en-
tropy. We analyze a set of one parameter and two
parameters dynamical dark energy models and find
that the derivative of the configuration entropy in
all the dynamical dark energy models, exhibit a
minimum. The magnitude of the minimum of the
entropy rate is decided by both the parametriza-
tion of the equation of state as well as the as-
sociated parameters. The location of the mini-
mum of the entropy rate is less sensitive to the
form of the parametrization but depends on the
associated parameters. We determine the best fit
equations for the location and magnitude of the
minimum of the entropy rate in terms of the pa-
rameter /parameters of the dark energy equation
of state. These relations would allow us to con-
strain the dark energy equation of state parame-
ter /parameters for any given parametrization pro-
vided the evolution of the configuration entropy
in the Universe is known from observations. This
work has been done in collaboration with Biswajit
Das.

Unravelling the cosmic web: An analysis of the
SDSS DR14 with the local dimension

We analyse a volume-limited galaxy sample from
the Sloan Digital Sky Survey (SDSS) in order to
study the environments of galaxies on different
length-scales in the local universe. We measure
the local dimension of the SDSS galaxies on differ-
ent length-scales and we find that sheets or sheet-
like structures are the most prevalent pattern in
the cosmic web throughout the entire range of
length-scales. The abundance of sheets peaks at
30h1Mpc and they can extend up to a length-scale
of 90h1Mpc. Analysing mock catalogues, we find
that the sheets are non-existent beyond 30h1Mpc in



the Poisson distributions, and that the straight fil-
aments in the SDSS galaxy distribution can extend
only up to a length-scale of 30h1Mpc. Our results
indicate that the environment of a galaxy exhibits
a gradual transition towards a higher local dimen-
sion with increasing length-scales, finally approach-
ing a nearly homogeneous network on large scales.
We compare our findings with a semi-analytical
galaxy catalogue from the Millennium Run simula-
tion, and these are in fairly good agreement with
the observations. We also test the effects of the
number density of the sample and the cut-off in
the goodness of fit, which shows that the results
are nearly independent of these factors. Finally,
we apply the method to a set of simulations of the
segment Cox process and we find that it can char-
acterize such distributions. This anyalysis has been
done in collaboration with Suman Sarkar.

Sanjay Kumar Pandey

Software to compute the energy dependent time-lag
and r.m.s from a thermal Comptonized medium

Understanding various observed phenomena in X-
ray binaries involves some very challenging and
interesting phenomena of astrophysics. Quasi-
periodic oscillations (QPO) in low-mass X-ray bi-
naries (LMXB) is one such problem. It is be-
lieved that X-ray luminosity of X-ray binaries is
due to accretion disc formed by material accreted
from a companion star on the copact star such as
a netron star. X-ray emission from these binary
system vary on wide range of time scales. This
variability is in general quantified by computing
power density spectra (PDS). Peaked feature of
PDS are QPOs. Several models have been pro-
posed to explain the observed kHz QPOs. One
such model is proposed by Kumar and Misra in
2014. Using the linearized time-dependent Kom-
paneets equation, they proposed a method to cal-
culate shape of the r.m.s. as well as time-lag as
a function of energy. We have developed a soft-
ware “COMPT-Time-Lag-RMS” which consists of
numerical codes to compute the energy dependent
time-lag and r.m.s from a thermal Comptonized
medium. The software computes the time and en-
ergy dependent time-lag when (a) the seed photon
temperature is varied and (b) the coronal heating
rate is varied. The energy dependent time-lags are
due to light travel timing affects due to Compton
scattering in a medium. The results can be com-
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pared with observed values, provided the time-lags
are interpreted as such. This softwar has been up-
loaded to hitp : //astrosat — ssc.iucaa.in/?7q =
datagsndgnalysis. This work has been doen in col-
laboration with Ranjeev Misra.

Amit Pathak

DFT study on interstellar PAH molecules with
aliphatic side groups

Polycyclic aromatic hydrocarbon (PAH) molecules
have been long adjudged to contribute to the
frequently detected distinct emission features at
3.3,6.2,7.7,8.6,11.2,and12.7um with weaker and
blended features distributed in the 3 — 20um re-
gion. The comparatively weaker 3.4um emission
feature has been attributed to have an aliphatic
origin as carrier. PAH with an aliphatic functional
group attached to it is one of the proposed poten-
tial candidate carriers for the 3.4pm emission band,
however, the assignment of carrier is still enig-
matic. In this work, we employ density functional
theory calculation on a symmetric and compact
PAH molecule; coronene (C24H12) with aliphatic
side group to investigate any spectral similarities
with observed features at 3 — 4micronum. The
side groups considered in this study are -H (hydro-
genated), -CH3 (methyl), -CH2-CH3 (ethyl), and
-CH=CH2 (vinyl) functional groups. Considering
the possible presence of deuterium (D) in PAHs, we
also include D in the aliphatic side group to study
the spectral behaviour. We present a detailed anal-
ysis of the IR spectra of these molecules and discuss
possible astrophysical implications. This work has
been in collaboration with Mridusmita Buragohain,
Itsuki Sakon, and Takashi Onaka.

Bikash Chandra Paul

Anisotropic compact objects in f(T) gravity with
FinchSkea geometry

We study the relativistic solutions of anisotropic
compact stars with FinchSkea (FS) metric in f(7')
gravity framework. The modified FS geometry is
considered to obtain the equation of state (EoS) for
different known stellar objects with given mass and
radius. The modified Chaplygin gas (MCG) EoS is
also considered to obtain stellar objects, as the EoS
inside the star is not yet known. The results ob-
tained here are important in the two cases to under-
stand properties of known stars, which are however
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not known observationally. The physical features
of known stars are analyzed here, and found that
compact star formation may be possible with repul-
sive core. In the case of MCG in f(T) gravity com-
pact stars may be obtained with anisotropic fluid
(pt > pr), with maximum anisotropy at the center
of the star, which however, is not found when MCG
is absent. This has been studied in collaboration
with Anirban Chanda, and Sagar Dey.

NUSTAR and Swift observations of AMXP Swift
J1756.92508 during its 2018 outburst

We present here the timing and spectral analy-
sis of the accreting millisecond pulsar (AMXP)
SwiftJ1756.92508 during its recent outburst in 2018
using Swift and NuSTAR observations. The si-
multaneous fitting of the Swift and NuSTAR spec-
tra indicated that the source was in the hard
state with a cut-off energy of about 74.58 keV.
We also studied in detail the pulse profile of the
AMXP and its dependence on energy. The colour-
colour diagram of the source was different from
those previously reported. We performed phase,
and time-resolved spectral analysis using NuSTAR
data. Pulse phase-resolved spectra were fitted
with a power-law model, and significant changes in
the spectral parameters with pulse phase were ob-
served. The orbital phase and time-resolved spec-
tra were fitted with a cut-off power-law model. The
column density and photon index obtained from
orbital phase spectral analysis were found to show
some anti-correlation with the flux. Through time-
resolved spectral analysis, we observed that the
spectral parameters show positive correlation with
each other and with the flux. We did not observe
softening of the spectrum with time. No emission
lines or Compton bump were observed in the spec-
trum of the AMXP. This work has been done in
collaboration with Binay Rai.

Surajit Paul

Radio relic and the diffuse emission trail discovered
in low-mass galaxy cluster Abell 1697

We report the discovery of a putative radio relic,
830 kpc in length, and find towards the outskirts
of galaxy cluster Abell 1697 (z = 0.181), using
the LOFAR Two Meter Sky Survey (LoTSS) at
144 MHz. An X-ray-inferred mass of Mgy, "™ =
2.970-% x 10" Mg, places Abell 1697 among the

least massive relic hosts. The relic is also detected
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at 325 MHz in the Westerbork Northern Sky Sur-
vey (WENSS) and at 1.4 GHz in the NRAO VLA
Sky Survey (NVSS), with an average spectral in-
dex of «(144,325,1400 MHz) = —0.98 4 0.01, and
magnetic field of Beq ~ 0.6 uG. This relic, located
in the north-east periphery of the cluster is 300
kpc wide, exhibits a gradual spectral steepening
across the width (ad;'$H% (inj) = —0.70 £ 0.11 to
albfSHz (edge) = —1.19 £ 0.15), as well as indica-
tions of a co-spatial X-ray (ROSAT) shock and the
radio relic emission. The radio power of the relic
is Plagr. = 8.5+ 1.1 x 102> W Hz~!, which is
found to be in good agreement with the expected
empirical correlation between the radio power and
largest linear size (LLS) of relics. The relic is
trailed by extended (790 x 550 kpc) diffuse ra-
dio emission towards the cluster centre, which is
likely an ultra-steep spectrum (of 2552 < —1.84)
radio source. This structure is also found to be
older by at least 190 Myrs, has a very low sur-
face brightness of 0.3 pJy arcsec™2 and magnetic
field Beq ~ 0.8 uG, similar to that of a radio
phoenix. Finally, we discuss the possible mecha-
nisms responsible for the relic and the trailing dif-
fuse radio emission, invoking re-acceleration due to
wake turbulence, as well as the revival of fossil elec-
trons in the remnant radio lobes of active galactic
nuclei (AGN) by the cluster merger shocks. This
work has been done in collaboration with Sameer
Salunkhe, Satish Sonkamble, Prateek Gupta, Tony
Mroczkowski, and Somak Raychaudhury.

Low-frequency radio study of MACS clusters using
the GMRT at 610 and 235 MHz

Studies have shown that mergers of massive galaxy
clusters produce shocks and turbulence in the intra-
cluster medium, the possible event that creates ra-
dio relics, as well as the radio halos. Here, we
present GMRT dual-band (235 and 610 MHz) radio
observations of four such clusters from the MAs-
sive Cluster Survey (MACS) catalogue. We re-
port the discovery of a very faint, diffuse, elon-
gated radio source with a projected size of about
0.5 Mpc in cluster MACSJ0152.5-2852. We also
confirm the presence of a radio relic-like source
(about 0.4 Mpc, previously reported at 325 MHz)
in MACSJ0025.4-1222 cluster. Proposed relics in
both these clusters are found apparently inside the
virial radius instead of their usual peripheral loca-
tion, while no radio halos are detected. These high-
redshift clusters (z = 0.584 and 0.413) are among



the earliest merging systems detected with cluster
radio emissions. In MACSJ1931-2635 cluster, we
found a radio mini-halo and an interesting highly
bent pair of radio jets. Further, we present here
a maiden study of low frequency (GMRT 235 and
610 MHz) spectral and morphological signatures
of a previously known radio cluster MACSJ0014.3-
3022 (Abell 2744). This cluster hosts a relatively
flat spectrum (a$3? ~ —1.15), giant (~ 1.6 Mpc
each) halo-relic structure and a close-by high-speed
(17694138 km s=1) merger-shock (M = 2.0240-17)
originated from a possible second merger in the
cluster. This work has been done in collaboration
with Sameer Salunkhe, Abhirup Datta, and Huib
Intema.

Ananta Charan Pradhan

A catalogue of 108 extended planetary nebulae o0b-
served by GALEX

We present the ultraviolet (UV) imaging observa-
tion of planetary nebulae (PNe) using archival data
of Galaxy Evolution Explorer (GALEX). We found
358 PNe detected by GALEX in near-UV (NUV).
We have compiled a catalogue of 108 extended PNe
with sizes greater than 8” and provided the angu-
lar diameters for all the 108 extended PNe in NUV
and 28 in FUV from the GALEX images consid-
ering 30 surface brightness level above the back-
ground. Of the 108 PNe, 74 are elliptical, 24 are
circular and 10 are bipolar in NUV with most be-
ing larger in the UV than in the radio, Ha or op-
tical. We derived luminosities for 33 PNe in FUV
(LFUV) and 89 PNe in NUV (LNUV) and found
that most of the sources are very bright in UV. The
FUV emission of the GALEX band includes contri-
bution from prominent emission lines N IV] (1487
A), C TV (1550 A), and O TII) (1661 A) whereas
the NUV emission includes C IIT] (1907 A) and C
IT (2325 A) for PNe of all excitation classes. The
other emission lines seen in low excitation PNe are
O TV] (1403 A) and N IIT (1892 A) in FUV, and
O 1II (2470 A) and Mg II (2830 A) in NUV. Sim-
ilarly the emission lines O V (1371 A) and He II
(1666 A) strongly contribute in FUV for high and
medium excitation PNe but not for low excitation
PNe. A mixture of other emission lines seen in all
excitation PNe. We have also provided images of
34 PNe in NUV and 9 PNe in FUV. This work
has been done in collaboration with Swayamtrupta
Panda, Mudumba Parthasarathy, Jayant Murthy,
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and Devendra K. Ojha.

Study of atomic spectroscopy and hyperfine struc-
ture of francium (Fr) isotopes using relativistic
Fock space multireference coupled cluster method

The electronic structure and properties of 2'9Fr,
212Fy 221Fy and 223Fr isotopes have been stud-
ied using the relativistic Fock space multirefer-
ence coupled-cluster method. By employing this
method, we have determined the magnetic hyper-
fine constants for the loweset multiplets of francium
(Fr) isotopes with Dirac-Fock orbitals. We have
provided the data for the ionization potentials and
excitation energies for the Fr isotopes. The discrep-
ancies between our calculated values and the cor-
responding measured experimental values are less
than 2% (for energy). In addition, we also report
the transition probabilities and oscillator strengths
for the various allowed E1 transitions of Fr. The
estimated properties are in very good agreement
with the available experimental values. This work
has been done in collaboration with Madhulita Das.

Anirudh Pradhan

Friedmann-Robertson- Walker — accelerating  Uni-
verse with interactive dark energy

In this work, we study a model based on the cos-
mological principle which exhibits a transition from
deceleration to acceleration. We consider baryonic
matter, dark energy, and “curvature” energy. Both
baryonic matter and dark energy (DE) have vari-
able equations of state. It is assumed that dark en-
ergy interacts with and transforms energy to bary-
onic matter. An FRW universe filled with two flu-
ids has been discussed. The model is shown to
satisfy current observational constraints. This uni-
verse is at present in a phantom phase after passing
through a quintessence phase in the past. Various
cosmological parameters regarding the accelerating
universe have been presented. The evolution of DE,
Hubble, and deceleration parameters, etc. have
been described with the aid of figures. Our the-
oretical results have been compared with the SNe
Ta related union 2.1 compilation 581 data, and we
have observed that our derived model is in good
agreement with current observational constraints.
We have also explored the physical properties of
the model. This work has been done in collabo-
ration with Gopi Kant Goswami and Aroonkumar
Beesham
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Anisotropic MHRDE model in BD theory of gravi-
tation

In this work, in the framework of the Brans-Dicke
gravitation theory, we propose to study the spa-
tially homogeneous, anisotropic and axially sym-
metric model filled with dark matter and dark en-
ergy. Here, we consider modified holographic Ricci
dark energy proposed by Chen and Jing as a fea-
sible state of darkness. To achieve a solution, we
consider the time-dependent deceleration param-
eter, which contributes to the average scale fac-
tor of a(t) exp(%\ﬂﬁt—i— a), where o > 0 and
B > 0 are arbitrary constants. We have derived
field equations of Brans-Dicke theory of gravitation
with the help of an axially symmetric anisotropic
Bianchi-type spacetime. We have determined the
cosmological parameters, namely, deceleration pa-
rameter, matter energy density, anisotropic dark
energy density, BD scalar field skewness parame-
ter, EoS parameter, and jerk parameter. Here, the
various phenomena like the Big Bang, expanding
the universe, and shift from anisotropy to isotropy
are observed in the model. A comprehensive phys-
ical debate of these dynamic parameters is pro-
vided through a graphical representation. We ob-
serve that it is a quintessence model that exhibits
a smooth transition from decelerated stage to an
accelerated phase of the universe. This situation is
in complete agreement with the modern cosmology
scenario. Some physical and geometric behaviours
are also discussed and discovered to be in excellent
agreement with SNe Ta Supernova’s latest observa-
tions. This work has been done in collaboration
with Archana Dixit, and Shilpi Singhal

Prince P.R.

Investigations into solar flare effects using wavelet-
based local intermittency measure

The present study analyzes the efficiency of local
intermittency measure based on wavelet transforms
in identifying solar flare effects on magnetograms.
If we observe the flare-time features in geomag-
netic components, most often, disturbances associ-
ated with other solar phenomena will enhance or
mask the solar flare signatures. Similarly, diur-
nal and high-latitude geomagnetic variabilities will
suppress solar flare effects on magnetograms. The
measurements of amplitudes taken directly from
temporal variations of weak geomagnetic compo-
nents have certain limitations regarding the iden-
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tification of the proper base and peak values from
which the deviation due to solar flare has to be
measured. In such situations, local intermittency
measure based on cross-wavelet analysis can be em-
ployed, which could remarkably identify the flare
effects, even if the signatures are weak or masked
by other disturbance effects. The present study
shows that local intermittency measure based on
wavelet analysis could act as an alternate quantifi-
cation technique for analyzing solar flare effects on
geomagnetic activity. This work has been done in
collaboration with Sumesh Gopinath.

A comparison of machine-learning techniques for
the prediction of the auroral electrojet index

The modern machine-learning models are a section
of artificially intelligent machines used to imple-
ment complex models, which can learn and im-
prove from experience with respect to certain class
of jobs, without being specifically programmed. In
the present analysis, a comparative study is made
of the popular machine-learning techniques regard-
ing the prediction of auroral activity as reflected by
the auroral electrojet AE index during geomagnet-
ically disturbed periods. The study also explores
the suitability of the online sequential version of the
best machine-learning algorithm, which has the po-
tential for real-time forecast of the AE index from
short-time input datasets with extremely fast con-
vergence than batch-training methods. The study
discusses the need for the correct choice of the in-
put dataset, that can be used for predicting the AE
index from several combinations of input datasets
which include coupling functions, geomagnetic in-
dices and solar wind parameters. The study reveals
that extreme learning machine and its online se-
quential version are promising models, which could
predict the AE index extremely fast with a high de-
gree of accuracy even during disturbance periods.
The study also shows that the choice of the polar
cap PC index as an input parameter is extremely
important for an accurate prediction of the AE in-
dex. This work has been done in collaboration with
Sumesh Gopinath.

Anisur Rahaman

Chiral Schwinger model with Faddeevian anomaly
and its BRST quantization

We consider chiral Schwinger model with Faddee-
vian anomaly, and carry out the quantization of



both the gauge-invariant and non-invariant version-
Theoretical spectra have been determined both in
the Lagrangian and Hamiltonian formulation and
a necessary correlation between these two is made.
BRST quantization using BFV formalism has been
executed, which shows spontaneous appearance of
Wess-Zumino term during the process of quantiza-
tion. The gauge invariant version of this model in
the extended phase space is found to map onto the
physical phase space with the appropriate gauge
fixing condition. This work has been done in col-
laboratio with Sanjib Ghosal.

Role of Faddeevian anomaly in the s-wave scatter-
ing of chiral Fermion off dilaton black holes towards
preservation of information

It was found that s-wave scattering of chiral
Fermion off dilaton black-hole when studied with a
model generated from the chiral Schwinger model
with standard Jackiw-Rajaraman type of anomaly
provided information non-preserving result. How-
ever, this scattering problem when studied with a
model generated from chiral Schwinger model with
generalized Faddeevian type of anomaly rendered
information preserving result and it had well agree-
ment with Hawking’s revised proposal related to
information loss. A minute and equitable investi-
gation in detail has been carried out here to show
how Faddeevian type of anomaly scores over the
Jackiw-Rajaraman type of anomaly in connection
with the s-wave scattering of chiral fermion of dila-
ton black-hole related to preservation of informa-
tion.

Farook Rahaman

Gravitational collapse of an interacting vacuum en-
ergy density with an anisotropic fluid

We investigate the effects of anisotropic pressure
on the gravitational collapse of spherically sym-
metric, gravitational bound objects. The concept
of a pressure anisotropy in stellar models is pro-
duced by a large set of physical phenomena in high
density regimes. We consider a gravitational col-
lapse process of the anisotropic fluid interacting
with a growing vacuum energy density. We con-
sider the full general-relativistic treatment of this
problem, and obtain exact solutions for various
forms of the equation of state (k,l) : ps = kp and
pr = lp, (I42k) < —1 connecting the tangential and
radial pressures respectively. This work has been
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done in collaboration with Harsat Hussain Shah,
Amna Ali, and Sabiruddin Molla.

FEinstein’s cluster mimicking compact star in the
teleparallel equivalent of general relativity

The Teleparallel Gravity (TEGR) is an alternative
formulation of gravity which uses tetrads as the
dynamical variables. First, we develop the Ein-
stein clusters in TEGR field equations using effec-
tive energy-momentum tensor for diagonal as well
as off-diagonal tetrad. We then study the clusters
in modified f(T) gravity for anisotropic fluid dis-
tribution. We further study the solution without
net electric charge and then for charged solution.
For charge parameter k — 0, the charged solution
reduces to neutral one. Our calculations show that
when charge increases, the stiffness of the EoS also
increases. This is due to increase in adiabatic in-
dex and sound speed approaching speed of light.
When the charge increases beyond a certain limit
(0<k<13x10%and 0 <k <1x1079), the
compactness parameter crosses the Buchdahl limit,
ie., 2M/R > 8/9, and the solution starts violat-
ing the causality condition. We test the Tolman-
Oppenheimer-Volkoff (TOV) limit for such com-
pact objects. We analyze the static stability cri-
terion of the Einstein clusters for both charged and
uncharged case, and the stability of such compact
objects is enhanced by the presence of some net
electric charge. In addition, we present and dis-
cuss the energy conditions, causality condition and
the adiabatic index close to the stability limit. Af-
ter analyzing these problems, we conclude that the
Einstein clusters do exists only if f(7) is a linear
function of the torsion scalar T, that is, in the case
of Teleparallel equivalent of General Relativity. Fi-
nally, we compare our solution for pure general rel-
ativity. As a result, we concluded that the Einstein
cluster solution do exist in pure GR, however, phys-
ically unfit to mimic compact stars. We have also
extend our findings by assuming the diagonal or off-
diagonal tetrad and specific case of f(T'). In such
models, Einstein’s cluster solutions do exist, how-
ever, can’t mimic the properties of a compact star.
This work has been done in collaboration with Ksh.
Newton Singh, and Ayan Banerjee.
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Shantanu Rastogi

Seasonal heterogeneity in aerosol optical properties
over the subtropical humid region of northern India

First-ever measurements and study of aerosol op-
tical properties from a subtropical humid region of
the eastern part of the central Indo-Gangetic Plain
(IGP), Gorakhpur (26.75N, 83.38E, 85m amsl) is
presented. Four years, March 2014-February 2018,
of columnar aerosol optical measurements, using
a multi-wavelength solar radiometer (MWR), are
analyzed to examine temporal and seasonal het-
erogeneity in aerosol optical properties, and to as-
certain aerosol types over the study region along
with their seasonal contribution. Average colum-
nar aerosol optical depth at 500 nm (AODS500) is
0.65 £+ 0.27, with highest seasonal mean (0.73 +
0.30) during pre-monsoon (PM) and lowest sea-
sonal mean (0.59 £ 0.25) during monsoon (M) sea-
son. During PM season, more than 50% of AOD500
values are greater than 0.7 indicating high aerosol
loading over the study region. Large variability in
Angstrom exponent («) and atmospheric turbid-
ity (8) from 0.12 to 2.26 and 0.05 to 1.34, with
mean value of 0.92 + 0.27 and 0.37 £ 0.14, re-
spectively, indicates heterogeneous aerosol emission
sources and turbid atmosphere over the study re-
gion. Higher a (>1) during post-monsoon (PoM)
and winter (W) seasons indicate predominance of
fine mode aerosols, whereas lower « (<0.7) dur-
ing PM season indicate prevalence of coarser mode
aerosols, over the study region. Aerosols of ur-
ban/industrial and biomass burning origins (UB)
have maximum contribution during PoM (71.4%)
and W (56.2%) seasons, while more than 25% of
mixed type (MT) aerosols are observed throughout
the study period with maximum contribution ob-
served during M (63%) season. AOD retrieved from
MWR and that from MODerate-resolution Imag-
ing Spectroradiometer (MODIS) compare reason-
ably well with a correlation coefficient of 0.66. This
work has been done in collaboration with Prayagraj
Singh, Aditya Vaishya, and Suresh Babu.

C. D. Ravikumar

Co-evolution of nuclear rings, bars and the central
intensity ratio of their host galaxies

We study a sample of 13 early-type spiral galax-
ies hosting nuclear rings and report remarkable
correlations between the properties of the nuclear
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rings, and the newly discoverd central intensity ra-
tio (CIR) of their host galaxies. The CIR is a
purely photometric quantity involving intensities
of light within the central 1.5 and 3 arcsec region
of a galaxy, and is found to be a vital parame-
ter in galaxy evolution, as it shares strong corre-
lations with many structural and dynamical prop-
erties of early-type galaxies, including mass of the
central supermassive black hole (SMBH). They ob-
serve strong correlations of CIR with the relative
sizes of nuclear rings and ring cluster surface den-
sities, which suggest reduced star formation in the
centres of galaxies hosting small and dense nuclear
rings. There is signicant connection observed be-
tween the CIR and bar strengths. In addition, we
observe that the CIR is closely related with the in-
tegrated properties of the stellar population in the
nuclear rings, associating the rings hosting older
and less massive star clusters with low values of
CIR. Thus, the CIR serves as a crucial parameter
in unfolding the coupled evolution of bars and rings
in galaxies. This study has been done in collabo-
ration with S. Aswathy.

Saibal Ray

Study on charged strange stars in [ (R,T) gravity

We investigate the effects of the modified f(R,7)
gravity on the charged quark stars for the stan-
dard choice of f(R,7) = R + 2x7. These
types of stars are supposed to be made of strange
quark matter (SQM), whose distribution is gov-
erned by the phenomenological MIT bag EoS as
p = 1/3(p — 4B), where B is the bag constant,
while the form of charge distribution is chosen to
be ¢ (r) = Q (r/R)*® = ar?® with «a as a constant.
We derive the values of the unknown parameters
by matching the interior spacetime to the exte-
rior Reissner-Nordstrom metric followed by the ap-
propriate choice of the values of the parameters
x and «a. The study under the f(R,7) gravity
reveals that besides SQM, a new kind of matter
distribution originates due to the interaction be-
tween the matter and the geometric term, while the
modification of the Tolman-Oppenheimer-Volkoff
(TOV) equation invokes the presence of a new
force F,.. The accumulation of the electric charge
distribution reaches its maximum at the surface,
and the predicted values of the corresponding elec-
tric charge and electric field are in the order of
1019729 C and 10?1722 V/cm, respectively. To ex-



amine the physical validity of the solutions, we per-
form tests of energy conditions, stability against
the equilibrium of forces, adiabatic index, etc.,
and find that the proposed f(R,7) model sur-
vives from all these critical tests, and hence, not
only can explain the non-singular charged strange
stars but also viability of the supermassive com-
pact stellar objects having their masses beyond the
maximum mass limit for the compact stars in the
standard scenario. Therefore, the present f(R,7)
gravity model seems promising regarding existence
of several exotic astrophysical objects, like super-
Chandrasekhar white dwarfs, massive pulsars, and
even magnetars, which remain unexplained in the
framework of general relativity (GR). This work
has been studied in collaboration with Debabrata
Deb, Sergei V. Ketov, and Maxim Khlopove.

Inflation in anisotropic brane universe wusing

tachyon field

Cosmological solution to the gravitational field
equations in the generalized Randall-Sundrum
model for an anisotropic brane with Bianchi I ge-
ometry and perfect fluid as matter sources has been
considered. The matter on the brane is described
by a tachyonic field. The solution admits inflation-
ary era, and at a later epoch the anisotropy of the
universe washes out. We obtain two classes of cos-
mological scenario, in the first case universe evolves
from singularity, and in the second case universe
expands without singularity. This work has been
done in collaboration with Rikpratik Sengupta.

Prabir Rudra

Dynamical system analysis of generalized energy-
momentum-squared gravity

In this work, we have investigated the dynamics
of a recent modification to the general theory of
relativity, the energy-momentum squared gravity
model f(R,T?), where R represents the scalar cur-
vature and T2 the square of the energy-momentum
tensor. By using dynamical system analysis for
various types of gravity functions, we have stud-
ied the structure of the phase space and the physi-
cal implications of the energy—momentum squared
coupling. In the first case of functional where
f(R,T?) = foR"(T?)™, with fy constant, we have
shown that the phase space structure has a reduced
complexity, with a high sensitivity to the values of
m and n parameters. Depending on the values of
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m and n parameters, the model exhibits various
cosmological epochs, corresponding to matter eras,
solutions associated to an accelerated expansion,
or decelerated periods. The second model stud-
ied corresponds to the f(R,T?) = aR" + 5(T?)"
form with «, 6 constant parameters. In this case, a
richer phase space structure is obtained, which can
recover different cosmological scenarios, associated
to matter eras, deSitter solutions, and dark energy
epochs. Hence, this model represents an interest-
ing cosmological model which can explain the cur-
rent evolution of the universe and the emergence of
the accelerated expansion as a geometrical conse-
quence. This work has been done in collaboration
with Sebastian Bahamonde, and Mihai Marciu.

Gravitational baryogenesis in Horava-Lifshitz grav-
ity

In this work, we intend to address the matter-
antimatter asymmetry via the gravitational baryo-
genesis mechanism in the background of a quan-
tum theory of gravity. We investigate this mecha-
nism under the framework of Horava-Lifshitz grav-
ity. We compute the baryon-to-entropy ratio in
the chosen framework and investigate its physical
viability against the observational bounds. We also
conduct the above study for various sources of mat-
ter like scalar field and Chaplygin gas as specific
examples. We infer that quantum corrections from
the background geometry will lead to interesting
results. This work has been done in collaboration
with Sayani Maity.

Sanjay K. Sahay

An overview of deep learning architecture of deep
neural networks and autoencoders

Recently, deep learning has shown great progress
in multiple fields, but to perform optimally, it re-
quires the adjustment of various architectural fea-
tures and hyper-parameters. Moreover, deep learn-
ing could be used with multiple varieties of ar-
chitecture aimed at different objectives, e.g., au-
toencoders are popular for un-supervised learning
applications for reducing the dimensionality of the
dataset. Similarly, deep neural networks are pop-
ular for supervised learning applications viz., clas-
sification, regression, etc. Besides the type of deep
learning architecture, some other decision criteria
and parameter selection decisions are required for
determining the number of layers, size of each layer,
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activation and loss functions for different layers, op-
timizer algorithm, regularization, etc. Thus, this
work aims to cover different choices available un-
der each of these major and minor decision criteria
for building a neural network, and training it opti-
mally to effectively serve the objectives, e.g., mal-
ware detection, natural language processing, image
recognition, etc. This work has been done in collab-
oration with Mohit Sewak, and Hemant Rathore

Secure and energy-efficient key-agreement protocol
for multi-server architecture

Authentication schemes are practiced globally to
verify the legitimacy of users and servers for the
exchange of data in different facilities. Generally,
the server verifies a user to provide resources for dif-
ferent purposes. But due to the large network sys-
tem, the authentication process has become com-
plex and therefore, time-to-time different authenti-
cation protocols have been proposed for the multi-
server architecture. However, most of the protocols
are vulnerable to various security attacks and their
performance is not efficient. In this work, we pro-
pose a secure and energy-efficient remote user au-
thentication protocol for multi-server systems. The
results show that the proposed protocol is com-
paratively ~44 % more efficient and needs ~38 %
less communication cost. We also demonstrate that
with only two-factor authentication, the proposed
protocol is more secure from the earlier related au-
thentication schemes. This work has been done in
collaboration with Trupil Limbasiya

Sandeep Sahijpal

Evolution of the galaxy and the origin of the solar
system

We have developed galactic chemical evolution
(GCE) models of the short-lived radio nuclides
(SLRs), 26Al, 36Cl, 41Ca, 53Mn, and 60Fe, across
the entire Milky Way galaxy. The objective was to
understand the spatial and temporal distribution of
the SLRs in the galaxy. Based on the formulation,
we provide a novel method to amalgamate the ori-
gin of the solar system with the gradual evolution
of the galaxy along with a self-consistent origin of
SLRs. We have explored the possibility of the birth
of the solar system in an environment where one of
the stellar clusters formed 25 Myr earlier. The de-
caying 53Mn and 60Fe remnants from the evolved
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massive stars from the cluster probably contami-
nated the local medium associated with the preso-
lar molecular cloud. A Wolf-Rayet wind from a
distant massive star, belonging to a distinct clus-
ter, probably contributed, 26Al (and 41Ca) to the
presolar cloud. This work has been done in collab-
oration with Tejpreet Kaur.

Thermodynamics of dust condensation in astro-
physical environments

We have performed comprehensive thermodynam-
ical calculations of the condensation of dust grains
around Wolf-Rayet (WR). A novel numerical code
has been developed for dust condensation. It was
found that mostly C (graphite), TiC, SiC, AIN,
CaS and Fe-metal were condensed in WR winds.
The results indicate that dust grains that are con-
densed in the WC phase may make a substantial
contribution of carbon-rich dust grains to the in-
terstellar medium. We have also performed a com-
prehensive correlated study of the thermodynam-
ics condensation of dust grains in distinct stellar
environments with the galactic chemical evolution
of the Milky Way galaxy. Based on the elemen-
tal composition of the evolving Galaxy, the rela-
tive abundances of the major constituents of in-
terstellar dust are assessed. The supernovae SN
Ia are predicted as the most prominent sources of
Fe-dust mass, the supernovae SN II + Ib/c pro-
duces oxides and silicate dust mass, and the AGB
stars contributes to carbonaceous dust mass. This
is studied in collaboration with Anuj Gupta.

Biplob Sarkar

Effect of magnetic flux advection on the dynamics
of shock in accretion flow around a rotating black

hole

We investigate the dynamical behaviour of a mag-
netized, dissipative, accretion flow around a rapidly
rotating black hole. We solve the magnetohydro-
dynamic equations, and calculate the transonic ac-
cretion solutions which may contain discontinuous
shock transitions. We investigate the effect of (—
parameter (parametrizing the radial variation of
the toroidal magnetic flux advection rate) on the
dynamical behaviour of shocks. For a rapidly rotat-
ing black hole and for fixed injection parameters at
the outer edge, we show that stationary shocks are
sustained in the global magnetized accretion solu-
tions for a wide range of ¢ and accretion rate (7).



To investigate the observational implications, we
consider dissipative shocks and estimate the maxi-
mum accessible energy from the post-shock corona
(PSC) for nine stellar mass black hole candidates.
We compare this with the observed radio jet ki-
netic power reported in the literature, whenever
available. We find close agreement between the es-
timated values from our model with those reported
in the literature This work has been done in col-
laboration with Anjali Rao.

Rathin Sarma and Amit Pathak

NuSTAR observation of Ark 564 reveals the varia-
tion of coronal temperature with flux

The hard X-ray spectral index of some AGNs has
been observed to steepen with the source flux. This
has been interpreted in a thermal Comptonization
scenario, where an increase in the soft flux de-
creases the temperature of the corona, leading to
steepening of the photon index. However, the vari-
ation of the coronal temperature with flux has been
difficult to measure due to the presence of complex
reflection component in the hard X-rays and the
lack of high-quality data at that energy band. Re-
cently, a 200 ks NuSTAR observation of Ark 564 in
3-50 keV band, revealed the presence of one of the
coolest coronae with temperature k7T, ~ 15 keV in
the time-averaged spectrum. Here, we re-analyse
the data and examined the spectra in four flux lev-
els. Our analysis shows that the coronal tempera-
ture decreased from ~ 17 to ~ 14 keV as the flux
increased. The high energy photon index I' ~ 2.3
varied by less than 0.1, implying that the optical
depth of the corona increased by about 10% as the
flux increased. This first reporting of coronal tem-
perature variation with flux shows that further long
observation by NuSTAR of this and other sources
would shed light on the geometry and dynamics
of the inner regions of the accretion flow. This
work is done in collaboration with Samuzal Barua,
Vadakkumthani Jithesh, Ranjeev Misra, and Gu-
lab C. Dewangan.

Asoke Kumar Sen

Spectroscopic survey of H-alpha emission line stars
associated with bright-rimmed clouds

The results of a spectroscopic survey of H, emis-
sion line stars associated with fourteen bright
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rimmed clouds are presented. Slit-less optical spec-
troscopy was carried out with the [TUCAA Girawali
Obervatory 2 m telescope, and TUCAA Faint Ob-
ject Spectrograph and Camera (IFOSC). H,, emis-
sion line was detected from 173 objects. Among
them, 85 objects have a strong H, emission line
with its equivalent width larger than 10 A. Those
are classical T Tauri stars. 52 objects have a weak
H,, emission line with its equivalent width less than
10 A and do not show intrinsic near-infrared ex-
cess. Those are weak-line T Tauri stars. On the
other hand, 36 objects have a weak H, emission
line (< 10A), although they show intrinsic near-
infrared excess. Such objects are not common in
low-mass star forming regions. Those are misfits
of the general concept on formation process of a
low-mass star, in which it evolves from a classi-
cal T Tauri star to a weak-line T Tauri star. Those
might be weak-line T Tauri stars with a flared disk,
in which gas is heated by ultraviolet radiation from
a nearby early-type star. Alternatively, we pro-
pose pre-transitional disk objects as their evolu-
tional stage. This work has been done in collabo-
ration with Kensuke Hosoya, Yoichi Itoh, Yumiko
Oasa, and Ranjan Gupta.

Photometry and  colour index of Comet
67P/Churyumov-Gerasimenko on 2015 December
12

Comet 67P/Churyumov-Gerasimenko (hereafter,
67P) was observed on 12 December 2015, from 2
m Himalayan Chandra Telescope in India in pho-
tometry to study its dust properties, using Bessell
R and I filters. We study the photometric images
to highlight coma structures and jets. The radial
decrease in intensity in the different coma struc-
tures are compared to the azimuthally integrated
intensities. The observations of the slopes show a
quasi-steady-state coma to an optocentric distance
of about 20,000 km. The change in the slopes in
the structures indicates changing properties of the
dust particles and/or change in their local size dis-
tributions. Comparison of the radial decrease in
the two wavelengths suggests a change in the local
colour-index. Based on the absolute photometry
carried out in the present work, we calculate the
reddening of the comet dust, which helps to char-
acterize variations in the size and the materials of
the particles. The colour-index is calculated for
different apertures and regions in the coma (0.40
+ 0.07 mag) for a 22,000 diameter aperture. A
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colour map is constructed showing the variation of
the colour-index through the coma. Changes ap-
pear at the transition between the coma and the
tail with a low colour-index (< 0.3 mag) close to
the optocentre and further away increasing up in
the tail direction (about 0.45 mag at 10 000 km).
We interpret these changes in terms of dust prop-
erties, and we compare our results to other remote
observations of 67P including in situ Rosetta ob-
servations This work has been done in collabora-
tion with Edith Hadamcik, Robert Botet, Jeremie
Lasue, Saumyadeep Roy Choudhury, and Ranjan
Gupta.

T. R. Seshadri

Probing magnetic field in high-redshift galaxies us-
ing background quasars

We probed the magnetic fields in high-redshift
galaxies using excess extragalactic contribution to
residual rotation measure (rrm) for quasar sight-
lines with intervening Mg 11 absorbers. For this
purpose, archival data for 1,132 quasars have been
used and the spread in the rrm has been com-
puted. The lines-of-sight to the quasar could pass
through intermediate galaxies. If this happens, one
also expected to see an absorption in MgII. If there
are more than one such intermediate systems, one
expects such absorption features at different red-
shifts. We have found the spread to be 17.14+0.7
rad m~2 for 352 sightlines having Mg 11 interven-
ing absorbers in comparison to its value of 15.1+0.6
rad m~? for 780 sightlines without such absorbers,
resulting in an excess broadening (o¢%, ) of 8.0+1.9
rad m~2 among these two subsamples. This value
of of¥ ., has allowed us to constrain the average
strength of magnetic field (rest frame) in high red-
shift galaxies responsible for these Mg 11 absorbers,
to be ~ 1.3+£0.3uG at a median redshift of 0.92. A
similar analysis was done on subsample split based
on the radio spectral index, «, (with F, o« v%).
The spectral index o was found to be greater than
or equal to —0.3 for 315 sources and < —0.7 for
476 sources. The former shows a significant o2¥,
(at 3.50 level) and is absent in latter. An anti-
correlation found between the 6% and percentage
polarisation (p) with similar Pearson correlation of
—0.62 and —0.87 for subsample with and without
Mg 11, respectively, suggests main contribution for
decrements in the p value to be intrinsic to the lo-
cal environment of quasars. This work has been
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done in collaboration with Sunil Malik, and Hum
Chand.

Constraining the spectral index of density perturba-
tions from primordial black holes

Primordial Black Holes (PBHs) could be formed
due to the collapse of the inhomogeneities that were
generated during inflation in the early universe.
Their evaporation can lead to energy injection in
the universe. By using the current results of the
baryon-photon ratio obtained from BBN and CMB
observations, we impose constraints on the spec-
tral index of perturbations on those small scales
that cannot be estimated through CMB anisotropy
and CMB distortions. The masses of the PBHs
constrained in this study lie in the range of 10°
and 10''g, which corresponds to those PBHs whose
maximal evaporation took place during the red-
shifts 106 < z < 10°. It is shown that the up-
per bound on the scalar spectral index, ns can be
constrained for a given threshold value, (i, of the
curvature perturbations for PBHs formation. Us-
ing Planck results, We obtained constraints on the
scalar spectral index, ns to be less than 1.309 for
Cin = 0.7 and ns < 1.334 for (¢, = 1.2, respectively.
We have also estimated the the density fraction
that has contributed to the formation of PBH. This
work is carried out in collaboration with Gaveshna
Gupta, and Ramkishor Sharma.

Mohit Kumar Sharma

Transfer of radiation in the formic acid - A precur-
sor for amino acids

Formic acid (HCOOH), a simplest carboxylic acid,
has great importance as it is a precursor for amino
acids (constituents of life). It has two rotameric
isomers: trans-HCOOH and cis-HCOOH, each of
which lies in a plane due to the delocalization of 7-
electrons over the heavy atom chain. In each of the
isomers, the electric dipole moment is aligned such
that there are both a and b type rotational tran-
sitions. Further, the energy levels in each type of
transitions can be classified into two groups. Thus,
there are 8 groups in which the rotational transi-
tions of formic acid may be classified. The trans-
HCOOH is detected in Sgr B2, cold dark cloud
L134N, Sgr A, comet Hale-Bopp, Orion KL, W51,
IRAS 16293-2422 through its a-type transitions.
Because of very small value of b-component of elec-
tric dipole moment, the b-type transitions of trans-



HCOOH may not be detected. To our knowledge,
no transitions of cissHCOOH are yet detected in the
interstellar medium, though a and b components of
its electric dipole moment are quite large.

Using spectroscopic data of trans-HCOOH and
cis-HCOOH, we have calculated energies of 100 ro-
tational levels for each of the 8 groups, and the ra-
diative transition probabilities (Einstein A and B
coefficients) for radiative transitions between the
levels. Since the rate coefficients for collisional
transitions between the levels are not available, by
using the scaled values for them along with the ra-
diative transition probabilities, we have solved a
set of 100 statistical equilibrium equations coupled
with the equations of radiative transfer for each
group. We have investigated intensities of 16 ob-
served a-type transitions and 12 b-type transitions
of trans-HCOOH. We have also found six transi-
tiOIlS, 110 — 111 (1405 GHZ), 212 —303 (7545 GHZ),
312 — 303 (79744 GHZ), 321 — 312 (222287 GHZ),
111 — 202 (30843 GHZ) and 413 — 404 (82740 GHZ)
of ciss-HCOOH showing anomalous absorption and
nine transitions 414 — 313 (85.042 GHz), 515 — 414
(106.266 GHz), 303 — 202 (65.840 GHz), 404 — 303
(87694 GHZ), 505 — 404 (109470 GHZ), 505 — 414
(40778 GHZ), 707 - 616 (90910 GHZ), 404 - 313
(16.350 GHz) and 605 — 515 (65.661 GHz) of cis-
HCOOH showing emission feature. These transi-
tions of cissHCOOH in addition to those of trans-
HCOOH may help in the identification of HCOOH
in a cosmic object.

LVG analysis of amidogen radical (NHz) found in
interstellar medium and in cometary material

Amidogen (NHz), a b-type asymmetric top
molecule with electric dipole moment 1.82 + 0.05
Debye, is detected in Sgr B2, in high-mass star-
forming regions W31C (G10.6-0.4), W49N (G43.2-
0.1), W51 (G49.5-0.4), G34.340.1, and in several
comets. Because of two hydrogen atoms, each with
nuclear spin 1/2, its rotational energy levels can be
classified into ortho and para groups. We have not
considered for fine structure splitting and hyper-
fine structure splitting of rotational levels. For 15
rotational levels in the ground vibrational state,
having energy up to 400 cm ™!, for each specie, the
energies of rotational levels, and Einstein A and
B coefficients for radiative transitions between the
levels are calculated, using accurate values of spec-
troscopic data. These radiative transition probabil-
ities along with the collisional rate coefficients (ob-
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tained from a scaling law) are employed as input
parameters for solving a set of statistical equilib-
rium equations coupled with the equations of ra-
diative transfer for each group. Several emission
lines produced by amidogen are found. For each
specie of NHy, we have considered some strongest
emission lines along with the observed one, which
may help for identification of NHy in the interstel-
lar medium (ISM) and in the cometary material.

Ranjan Sharma

Reuvisiting Vaidya-Tikekar stellar model in the lin-
ear regime

In this work, we have developed a new class of
solutions describing the interior of a spherically
symmetric static star composed of an anisotropic
matter distribution by revisiting the Vaidya and
Tikekar stellar model in the linear regime. The
Vaidya and Tikekar ansatz is characterized by a
geometric feature that time ¢ = constant hypersur-
face of the associated spacetime when embedded in
a 4-Euclidean space becomes spheroidal. Physical
viability of the subsequent stellar model has been
analyzed. Impact of the curvature parameter K
of the Vaidya and Tikekar ansatz, which charac-
terizes the departure from spherical geometry, on
the mass-radius relationship of the star has been
probed. In the context of density dependent bag
model for strange stars, a corelation between the
curvature parameter K, the bag constant B, the
mass M and the radius R of some of the well known
strange star candidates like Her X-1, RX J1856-
37 and SAX J1808.4 have been investigated. The
possibility of fine-tuning these parameter based on
observational data has been outlined. This work
is done in collaboration with Shyam Das, Megan
Govender, and Dishant M. Pandya.

Anisotropic generalization of Vaidya-Tikekar su-
perdense stars

Exact solutions to Einstein field equations corre-
sponding to various astrophysical systems and their
physical interpretation are of prime significance for
our understanding of gross physical features of rel-
ativistic compact objects. In this work, the authors
have developed a new class of solutions describing
the interior of a superdense relativistic star com-
posed of an anisotropic matter distribution with
spheroidal spatial hypersurface. Thus, the new
class of solutions may be treated as an anisotropic
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generalization of the Vaidya and Tikekar super-
dense stellar model. In this treatment, the Ein-
stein field equations have been solved in terms of
hypergeometric functions. Subsequently, for par-
ticular parameter choices, the solutions have been
expressed in terms of elementary functions. In
this treatment, stellar systems with is tropic pres-
sure can be generated in the limit of vanishing
anisotropy. Consequently, some of the well known
superdense star models, which are isotropic and
have specific spheroidal geometries have been re-
gained. The impact of anisotropy on the gross
physical properties of a compact star has been an-
alyzed. This work is done in collaboration with S.
Thirukkanesh, and Sunil D. Maharaj.

Gyan Prakash Singh

Variable Chaplygin gas cosmologies in f(R,T)
gravity with particle creation

A flat FLRW cosmological model with perfect fluid
comprising of variable Chaplygin gas has been
studied in the context of f(R,T) gravity with par-
ticle creation. The solutions of the modified field
equations are obtained through three different con-
sidered form of scale factors. The effective pres-
sure is negative throughout the evolution of uni-
verse, which leads to accelerated expansion of the
universe. In addition to that, we have also dis-
cussed the importance of particle creation pres-
sure on the cosmological parameters, energy con-
ditions and state-finder diagnostic parameters. It
is noticed that, the time evolution of source func-
tion yields almost constant particle production at
late times.This work has been done in collaboration
with Nikhil Hulke, Binaya K. Bishi, and Ashutosh
Singh.

Harinder Pal Singh

The tale of the Milky Way Globular Cluster NGC'
6362 — 1. The orbit and its possible extended star
debris features as revealed by Gaia DR2

We report the identification of possible extended
star debris candidates beyond the cluster tidal
radius of NGC 6362 based on the second Guaia
data release (Gaia DR2). We found 259 objects
possibly associated with the cluster lying in the
vicinity of the giant branch and 1-2 magnitudes
fainter /brighter than the main-sequence turn-off in
the cluster colour-magnitude diagram, and which
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cover an area on the sky of ~4.1 deg? centered
on the cluster. We traced back the orbit of NGC
6362 in a realistic Milky-Way potential, using the
GravPot16 package, for 3 Gyrs. The orbit shows
that the cluster shares similar orbital properties as
the inner disk, having peri-/apo-galactic distances,
and maximum vertical excursion from the Galactic
plane inside the corotation radius (CR), moving in-
wards from CR radius to visit the inner regions of
the Milky Way. The dynamical history of the clus-
ter reveals that it has crossed the Galactic disk sev-
eral times in its lifetime and has recently undergone
a gravitational shock, ~ 15.9 Myr ago, suggesting
that less than 0.1% of its mass has been lost during
the current disk-shocking event. Based on the clus-
ter’s orbit and position in the Galaxy, we conclude
that the possible extended star debris candidates
are a combined effect of the shocks from the Galac-
tic disk and evaporation from the cluster. Lastly,
the evolution of the vertical component of the an-
gular momentum shows that the cluster is strongly
affected dynamically by the Galactic bar poten-
tial. This work has been done in collaboration with
Richa Kundu, Jose G. Fernndez-Trincado, Dante
Minniti, Edmundo Moreno, Cline Reyl et, al.

Unveiling Vela - variability of interstellar lines in
the direction of the Vela supernova remnant - I11.
Na D and Ca II K

High-resolution optical spectra were obtained in
2017-2019 with the Southern African Large Tele-
scope of fifteen stars in the direction of the Vela
supernova remnant. Interstellar Cair H and K
and Na1 D lines are discussed. In particular,
the line profiles are compared with profiles at a
comparable spectral resolution obtained in 1993-
1996 by Cha and Sembach. Ten of the lines of
sight show changes to one or more of the compo-
nents in that line of sight. Changes include small
changes (1-2 km s7!) in radial velocity and/or
increases/decreases in equivalent width over the
two decades between the periods of observation.
Changes are more obvious in the Ca K line than in
the Na D lines. These changes are attributed to gas
disturbed by interactions between the supernova
ejecta and the surrounding interstellar medium.
A representative timescale may be 20-50 years.
Small-scale variations in line profiles across the face
of the remnant suggest, as previously remarked
that a linear scale for interactions is a small fraction
of the 40 pc size of the present remnant.



K. Surendra Nadh Somala

Effect of induced seismicity on advanced gravita-
tional wave interferometers

Advanced LIGO and the next generation of
ground-based detectors aim to capture many more
binary coalescences through improving sensitivity
and duty cycle. Earthquakes have always been a
limiting factor at low frequency where neither the
pendulum suspension nor the active controls pro-
vide sufficient isolation to the test mass mirrors.
Several control strategies have been proposed to re-
duce the impact of teleseismic events by switching
to a robust configuration with less aggressive feed-
back. The continental United States has witnessed
a huge increase in the number of induced earth-
quake events primarily associated with hydraulic
fracking-related waste water re-injection. Effects
from these differ from teleseismic earthquakes pri-
marily because of their depth which is in turn
linked to their triggering mechanism. In this work,
we discuss the impact caused due to these low mag-
nitude regional earthquakes and explore ways to
minimize the impact of induced seismicity on the
detector. This work has been done in collaboration
with K. Nikhil Mukund, Brian OReilly, and Sanjit
Mitra.

Karthik Sriram

Constraining the coronal heights and readjustment
velocities based on the detection of a few hundred
seconds delays in the Z source GX 17+2

Neutron star Z-type sources provide a unique plat-
form in order to understand the structure of ac-
cretion disk-corona geometry emitting close to the
Eddington luminosity. Using RXTE and Nuclear
Spectroscopic Telescope Array mission (NuSTAR)
satellite data, we performed cross correlation func-
tion (CCF) studies in GX 1742 in order to con-
strain the size of the corona responsible for hard X-
rays. From the RXTE data, we found that during
horizontal and normal branches, the CCFs showed
anti-correlated hard (16-30 keV) and soft (2-5 keV)
X-ray delays of the order of a few tens to hun-
dred seconds with a mean correlation coefficient of
0.424+0.11. A few observations show correlated lags
and on one occasion, coincident with radio emis-
sion. We also report an anti-correlated hard X-
ray delay of 113 + 51 s using the NuSTAR data of
GX 17+42. Based on RXTE data, we find that soft
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and hard X-ray fluxes are varying, indicating the
changes in the disk-corona structure during delays.
We bridle the size of the corona using relativistic
precession, transition layer models, and boundary
layer models. Assuming the delays to be a readjust-
ment time scale of the disk-corona structure, the
height of the corona was estimated to be 17-100 km.
Assuming that the inner region of the truncated
disk is occupied by the corona, we constrain the
coronal readjustment velocities (Vecorona = (Vdisk,
where vq;sk is the radial velocity component of the
disk) of the order of f = 0.06 — 0.12. This study
indicates that the observed delays are primarily de-
pendent on the varying coronal readjustment veloc-
ities. This has been studied in collaboration with
Siddhart Malu, and Changhwan S. Choi.

L. Sriramkumar

Viable scalar spectral tilt and tensor-to-scalar ratio
in near-matter bounces

In a recent work, we constructed a model consist-
ing of two fields—a canonical scalar field and a
non-canonical ghost field—that sourced a symmet-
ric matter bounce scenario. The model involved
only one parameter, viz. the scale associated with
the bounce. For a suitable value of the parame-
ter, the model led to strictly scale-invariant power
spectra with a COBE normalized scalar amplitude
and a rather small tensor-to-scalar ratio. In this
work, we extend the model to achieve near-matter
bounces, which contain a second parameter apart
from the bounce scale. As the new model does not
seem to permit analytical evaluation of the scalar
modes near the bounce, with the aid of techniques
that we used in our earlier work, we compute the
scalar and the tensor power spectra numerically.
For appropriate values of the additional parame-
ter, we find that the model produces red spectra
with a scalar spectral tilt and a small tensor-to-
scalar ratio, which are consistent with the recent
observations of the anisotropies in the cosmic mi-
crowave background by Planck. This work is done
in collaboration with Rathul Nath Raveendran.

Can non-minimal coupling restore the consistency
condition in bouncing universes?

An important property of the three-point functions
generated in the early universe is the so-called con-
sistency condition. According to the condition, in
the squeezed limit wherein the wave number of one
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of the three modes (constituting the triangular con-
figuration of wave vectors) is much smaller than the
other two, with which the three-point functions can
be completely expressed in terms of the two-point
functions. It is found that while the consistency
condition is mostly satisfied by the primordial per-
turbations generated in the inflationary scenario,
it is often violated in the bouncing models. The
validity of the consistency condition in the context
of inflation can be attributed to the fact that the
amplitude of the scalar and tensor perturbations
freezes on super-Hubble scales. Whereas, in the
bouncing scenarios, the amplitude of the scalar and
tensor perturbations often grows rapidly as one ap-
proaches the bounce, leading to a violation of the
condition. In this work, with the help of a specific
example involving the tensor perturbations, we ex-
plicitly show that suitable non-minimal couplings
can restore the consistency condition even in the
bouncing models. We briefly discuss the implica-
tions of the result. This work is done in collabora-
tion with Debottam Nandi.

Parijat Thakur

2016 outburst of H 174/3-322: XMM-Newton and
NuSTAR View

We report the detection of a type C quasi-periodic
oscillation (QPO) along with the upper harmonic
in the commensurate ratio of 1:2 in the two observa-
tions of the low-mass black hole transient H 1743
322, jointly observed by XMM-Newton and NuS-
TAR during the 2016 outburst. We find that the
QPO and the upper harmonic exhibit shifts in their
centroid frequencies in the second observation with
respect to the first one. The hardness intensity dia-
gram implies that in contrast to the 2008 and 2014
failed outbursts, the 2016 outburst was a successful
one. We also detect the presence of a broad iron
Ka line at ~6.5 keV and reflection hump in the en-
ergy range of 15-30 keV in both of the observations.
Along with the shape of the power density spectra,
the nature of the characteristic frequencies and the
fractional rms amplitude of the timing features im-
ply that the source stayed in the low/hard state
during these observations. Moreover, the photon
index and the other spectral parameters also indi-
cate the low/hard state behaviour of the source.
Unlike the soft lag detected in this source during
the 2008 and 2014 failed outbursts, we observe hard
time lags of 0.40 + 0.15 s and 0.32 + 0.07 s in the
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0.07-0.4 Hz frequency range in the two observations
during the 2016 outburst. The correlation between
the photon index and the centroid frequency of the
QPO is consistent with the previous results. Fur-
thermore, the high value of the Comptonized frac-
tion and the weak thermal component indicate that
the QPO is being modulated by the Comptoniza-
tion process. This work has been done in collabora-
tion with Swadesh Chand, Vivek Kumar Agrawal,
Gulab C. Dewangan, and Prakash Tripathi.

Probing transit timing variation and its possible
origin with twelve new transits of TrES-3b

We have investigated the possibility of existence
of additional planet, as well as the orbital decay
and apsidal precession in the extra-solar planetary
system TrES-3 through the transit timing varia-
tion (TTV) analysis. We have made total twelve
transit observations of this system, which include
six transits from the 2m Himalayan Chandra Tele-
scope (HCT), IAO, Hanle, India, five from the 1.3m
Devasthal Telescope, ARIES, Nainital, India, and
one transit from the 1.25m AZT-11 telescope at
the Crimean Astrophysical Observatory (CrAO),
Crimea. In order to have refine destimation of
transit ephemeris, as well as precise TTV anal-
ysis, apart from our twelve new transit observa-
tions, seventy one more transit data of this sys-
tem are also considered from the literature. All
these eighty three transit light curves are analyzed
with uniform procedure through Transit Analysis
Package (TAP). By fitting a linear ephemeris model
to the eighty three mid-transit times derived from
light curve analysis, we have derived new linear
ephemeris for orbital period and mid-transit time
with x2 ; = 1.859, which indicates that there is an
evidence of TTV in TrES-3 system. However, we do
not find any indication of periodic-TTV as the sig-
nificance of the highest peak found in the generated
Lomb-Scargle periodogram, which is computed us-
ing the timing residuals of linear ephemeris model
fit is found to be very far below from the thresh-
old value (FAP = 5%). This allows us to conclude
that there is no evidence of additional planet in
the TrES-3 system. Since TrES-3b is one of the
known hot-Jupiter extra-solar planets, it has been
theoretically predicted that the possible TTV may
be due to the orbital decay and apsidal preces-
sion induced by tidal interactions of TrES-3b and
its parent star. These two phenomena have been
examined in the TrES-3 system by fitting the or-



bital decay and apsidal precession ephemeris mod-
els to transit time data. The orbital decay study
shows decreasing period of TrES-3b with the decay
rate equals to 4.112 #+ 3.104 msyr—!. By assum-
ing this decay rate is real, the estimated remaining
lifetime of TrES-3b and the modified tidal quality
factor (Q.) of the parent star (TrES-3) are found
to be ~ 4.9Myr and ~ 1.11 x 105, respectively.
From the apsidal precession study, the precession
rate of the orbit of TrES-3 system is found to be
0.000472+0.000320 radepoch™*. Corresponding to
this precession rate, the estimated planetary tidal
Love number (kp) of 1.15 + 0.32 is found to be
larger than that of Jupiter. For the selection of op-
timal model that shows the best fit to the timing
data, we have used the Bayesian Information Cri-
terion (BIC = x? + klogN, where N is the total
number of data points and k is the number of free
parameters) statistic. Because of the smaller value
of BIC obtained in the linear model as compared
to the orbital decay and apsidal precession models,
we have preferred the linear model as best possi-
ble model to represent our considered transit time
data. This work has been done in collaboration
with Vineet Kumar Mannaday, Ing-Guey Jiang,
Devendra Kuamr Sahu, and Yogesh C. Joshi.

Sunil Kumar Tripathy

Phantom cosmology in an extended theory of grav-
ity

Some phantom cosmological models without big rip
singularity have been constructed in a simple ex-
tended theory of gravity. In the geometrical part
of the action, a minimally coupled linear function
of the Ricci scalar and the trace of the energy mo-
mentum tensor have been considered in place of
the Ricci scalar. Four Little Rip and Pseudo Rip
models have been investigated, where the equation
of state parameter evolves asymptotically and suf-
ficiently rapidly to —1. The effect of the coupling
constant of the extended gravity theory on the dy-
namics has been discussed. Possible wormhole so-
lutions for the phantom models are obtained. The
possibility of Big trip in wormholes are discussed
for the models. This work is done in collaboration
with Bivudutta Mishra.

Bouncing cosmology in an extended gravity theory

We have investigated some bouncing models in the
framework of an extended gravity theory, where
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the usual Ricci scalar in the gravitational action
is replaced by the sum of the Ricci scalar and a
term proportional to the trace of the energy mo-
mentum tensor. The dynamical parameters of the
models are derived in a most general manner. We
considered two bouncing scenarios described by an
exponential and a power law scale factors. The
non-singular bouncing models also favour a late
time cosmic speed up phenomenon. The dynam-
ical behaviour of the equation of state parameter
is studied for the models. It is observed that near
the bounce, the dynamics is substantially affected
by the coupling parameter of the modified grav-
ity theory and is least affected by the parameter
of the bouncing scale factors. This work is done
in collaboration with Rakesh Kumar Khuntia, and
Priyabrata Parida.

Vinutha Tummala

Modified holographic Ricci dark energy model in a
scalar tensor Theory of gravitation

In this work, we have studied homogeneous and
anisotropic Bianchi type-V metric filled with dark
mater (DM) and modified holographic Ricci dark
energy (MHRDE) in the framework of scalar-
tensor theory of gravitation proposed by Saez and
Ballester. To find a deterministic solution for Saez-
Ballester field equations, we have used the hybrid
expansion law (HEL) for the average scale factor
a(t), which yields a time dependent deceleration
parameter and exhibits a transition of the Uni-
verse from early decelerated phase to the recent
accelerating phase. We also have taken the scalar
expansion to be proportional to the shear scalar.
We have investigated the physical and geometrical
properties of the model. It is observed that our
model is in good agreement with the ACDM model
at late times. This work is done in collaboration
with V.Uma Maheswara Rao, and Molla Mengesha
Nigus

Bianchi type cosmological models in f(R, T) theory
with quadratic functional form

The spatially homogeneous and anisotropic Bianchi
type III, V and VI cosmological models have been
investigated in gravity by choosing the function of
the form R+ aR?+ AT. Here, R is the Ricci scalar,
T is the trace of the energy momentum tensor and
«, A\ are constants. Exact solutions to the field
equations of three models are obtained with the
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help of hybrid scale factor and the proportionality
of shear scalar with expansion scalar (i.e., o x 0).
We have calculated some physical and geometri-
cal properties of the models and their behaviour
is thoroughly studied with the help of their plots
with respect to redshift (z). It is observed that
for all three models, pressure (p) is negative and
energy density (p) is positive. In case of Bianchi
type V, VIp models, the EoS parameter exhibits
quintom-like behaviour. Also, by using the same
functional form, we have studied all energy condi-
tions for three models. At present (z = 0), the
energy conditions particularly NEC and DEC are
fulfilled, and SEC is violated for all three mod-
els, which supports the accelerating expansion of
the universe. The advantage of choosing this func-
tional form is that it gives the asymptotically exact
de Sitter solution, and also the obtained values of
physical parameters matches with the current ob-
servational data. This work is done in collaboration
with K. Sri Kavya.

Sudhaker Upadhyay

Phase transition of a charged AdS black hole with a
global monopole through geometrical thermodynam-
ics

In order to study the phase transition through
thermodynamic geometry, we consider the charged
AdS black hole with global monopole. We first
introduce thermodynamics of charged AdS black
hole with global monopole by discussing the de-
pendence of Hawking temperature, specific heat
and Pv curve on horizon radius and monopole pa-
rameter. By implementing various thermodynamic
geometry methods, for instance, Weinhold, Rup-
piner, Quevedo and HPEM formulations, we de-
rive corresponding scalar curvatures for charged
AdS black hole with a global monopole. Here, we
observe that, in contrast to Weinhold and Rup-
peiner methods, HPEM and Quevedo formulations
provide more information about the phase transi-
tion of the charged AdS black hole with a global
monopole. This work is done in collaboration with
Saheb Soroushfar.

Accretion disks around a static black hole in f(R)
gravity

We provide a description of a thin accretion disk for
a static spherically symmetric black holes in f(R)
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gravity. In this regard, we first study the hori-
zons of black holes in f(R) gravity. The equation of
motion and effective potential are also computed,
which eventually leads to possible existence of in-
nermost circular orbits of accretion disk. We de-
rive the specific energy, specific angular momen-
tum and angular velocity of the particles moving
in circular orbits. A comparative study of vari-
ous parameters is also presented. The locations
of the event horizon, cosmological horizon, inner-
most and outermost stable circular orbits are also
pointed out. This work is done in collaboration
with Saheb Soroushfar.

Murli Manohar Verma

Ezxtended galactic rotational wvelocity profiles in
f(R) gravity background

An attempt has been made to explore the geo-
metric effects of f(R) action on the galactic dy-
namics under the weak field approximation. The
rotational velocity is calculated beyond the Ein-
stein’s geometric theory of gravity. It is inspired
by the cosmological geometric relation obtained in
the power-law f(R) gravity model in vacuum. We
analyse the action with a small positive deviation
from the Einstein-Hilbert gravity action (taking R
as f(R) o< R'*?) at the galactic scales for the expla-
nation of flatness paradox associated with the clus-
tered galactic dark matter. We obtain the contri-
bution of dynamical f(R) cosmological background
geometry in accelerating the test mass. Further-
more, the integrated effective acceleration of the
test mass due to a massive spherically symmet-
ric source in f(R) background is calculated via the
study of geodesics for the suitable spacetime met-
ric, and an equation for the effective rotational ve-
locity has been developed. We test the viability of
the proposed model by tracing the motion of test
mass far from the disk of galactic matter for smaller
6. The possible galactic rotational velocity curves
in f(R) background are discussed for the formula
obtained with § << 1. We also obtain constraints
on § O(107%) confirmed by observations. This work
is doen in collaboration with Vipin Kumar Sharma,
and Bal Krishna Yadav.

Dark matter as scalaron in f(R) gravity models

We explore the scalar field obtained under the con-
formal transformation of the spacetime metric g,
from the Jordan frame to the Einstein frame in



f(R) gravity. This scalar field is the result of the

modification in the gravitational part of the Ein-

stein’s general relativistic theory of gravity. For
1+6

f(R) = £5~, we find the effective potential of the
scalar field and calculate the mass of the scalar field
particle “scalaron”. It is shown that the mass of
the scalaron depends upon the energy density of
standard matter in the background (in solar sys-
tem, my ~ 10716 V). The interaction between
standard matter and scalaron is weak in the high
curvature regime. This linkage between the mass of
the scalaron and the background leads to the physi-
cal effects of dark matter, and is expected to reflect
the anisotropic propagation of scalaron in moving
baryonic matter fields as in merging clusters (Bullet
cluster, the Abell 520 system, MACS, etc.). Such
scenario also satisfies the local gravity constraints
of f(R) gravity. We further calculate the equation
of state of the scalar field in the action-angle vari-
able formalism, and show its distinct features as
the dark matter and dark energy with respect to
energy density of the scalar field at different values
of the model parameter §. This work is done in
collaboration with Bal Krishna Yadav.
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Apparent horizon in the FLRW spacetime, PhRvD, 101, 84057.

256. Prabir Rudra (2020) A non-static quantum inspired spacetime in f® gravity: Gravity’
rainbow, NuPhB, 956, 115014.

257.Mohit Sewak, Sanjay K. Sahay, and Hemant Rathore (2020) An overview of deep
learning architecture of deep neural networks and autoencoders, JCTN, 17, 182.

258. Tejpreet Kaur, and Sandeep Sahijpal (2019) Heterogeneous evolution of the galaxy
and the origin of the short-lived nuclides in the early solar system, MNRAS, 490, 1620.

259. Anuj Gupta, and Sandeep Sahijpal (2020) Thermodynamics of the condensation of
dust grains in Wolf—ayet stellar winds, MNRAS, 492, 2058.

260. Biplob Sarkar, and Anjali Rao (2020) Effect of magnetic flux advection on the dynamics
of shock in accretion flow around a rotating black hole, RAA, 20, 40.
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261. Samuzal Barua, Vadakkumthani Jithesh, Ranjeev Misra, Gulab C. Dewangan, Rathin
Sarma, and Amit Pathak (2020) NuSTAR observation of Ark 564 reveals the variation
of coronal temperature with flux, MNRAS, 492, 3041.

262.Kensuke Hosoya, Yoichi Itoh, Yumiko Oasa, Ranjan Gupta, and Asoke Kumar Sen
(2019) Spectroscopic survey of H-alpha emission line stars associated with bright-
rimmed clouds, |JAA, 9, 154.

263. Asoke Kumar Sen, Edith Hadamcik, Robert Botet, Jeremie Lasue, ... Ranjan Gupta
(2019) Photometry and colour index of Comet 67P/Churyumov-Gerasimenko on 2015
December 12, MNRAS, 487, 4809.

264. Gaveshna Gupta, Ramkishor Sharma, and T. R. Seshadri (2020) Scalar spectral index
inthe presence of primordial black holes, |IJMPD, 29, 2050029.

265. Sunil Malik, Hum Chand, and T. R. Seshadri (2020) Role of intervening Mg 1l absorbers
on the rotation measure and fractional polarization of the background quasars, ApJ,
890, 132.

266.Ramkishor Sharma, Kandaswamy Subramanian, and T.R. Seshadri (2020)
Gravitational wave generation in a viable scenario of inflationary magnetogenesis,
PhRvD, 101, 103526.

267. Mohit Kumar Sharma (2019) Transfer of radiation in the formic acid: A precursor for
amino acids, JApA, 40, 10.

268. Mohit Kumar Sharma (2019) Potential transitions of H,D" in interstellar medium,
BrdPh, 49, 543.

269. Mohit Kumar Sharma (2019) LVG analysis of amidogen radical (NH,) found in
interstellar medium and in cometary material, MolAs, 15, 1.

270. Mohit Kumar Sharma (2019) Potential spectral lines for detection of D,H" in a cosmic
object, InJPh, 94, 1323.

271.Mohit Kumar Sharma (2019) Suggestion for a search of Diisocyanomethane
(CNCH,NC) in the cosmic objects: Potential spectral lines, ARep, 63, 963.

272.Mohit Kumar Sharma (2019) Vinyl cyanide (CH,CHCN) in interstellar space: Potential
spectral lines for its detection, Heliyon, 5,e02384.

273. Mohit Kumar Sharma, and Arvind K. Sharma (2019) Investigation of silicon dicarbide
(SiC2) in circumstellar envelopes around carbon-rich AGB stars, InJPh
[https://doi.org/10.1007/s12648-019-01634-0].

274.Mohit Kumar Sharma (2020) /nvestigation of amino acetonitrile (NH,CH,CN): A
precursor of glycine in the interstellar medium, CaJPh, 98, 243.

275.Mohit Kumar Sharma, Monika Sharma, and Suresh Chandra (2020) H,SiO
IRASERs in a warm region in interstellar medium, NewA, 74, 101288.
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276.Kalikkuddy Komathiraj, Ranjan Sharma, Shyam Das, and Sunil D. Maharaj (2019)
Generalized Durgapal-Fuloria relativistic stellar models, JApA, 40, 37.

277.S. Thirukkanesh, Ranjan Sharma, and Sunil D. Maharaj (2019) Anisotropic
generalization of Vaidya-Tikekar superdense stars, EPJP, 134, 378.

278.Ranjan Sharma, Shyam Das, Megan Govender, and Dishant M. Pandya (2020)
Reuvisiting Vaidya and Tikekar stellar model in the linear regime, AnPhy, 414, 168079.

279.Nikhil Hulke, Gyan Prakash Singh, Binaya K. Bishi, and Ashutosh Singh (2020)
Variable Chaplygin gas cosmologies in f®, T) gravity with particle creation, NewA, 77,
101357.

280.Richa Kundu, José G. Fernandez-Trincado, Dante Minniti, Harinder P. Singh,
Edmundo Moreno, et al. (2019) The tale of the Milky Way Globular Cluster NGC 6362 --
1. The orbit and its possible extended star debris features as revealed by Gaia DR2,
MNRAS, 489, 4565.

281.N. Kameswara Rao, David L. Lambert, Arumalla B. S. Reddy, Ranjan Gupta, ..., and
Harinder P. Singh (2020) Unveiling Veela —variability of interstellar lines in the direction
of the Vela supernova remnant—Ill. Na D and Ca Il K, MNRAS, 493, 497.

282. K. Nikhil Mukund, Brian O’eilly, Surendra Nadh Somala, and Sanjit Mitra (2019) Effect
of induced seismicity on advanced gravitational wave interferometers, CQGr, 36,
10LTO1.

283. Karthik Sriram, Siddharth Malu, and Changhwan S. Choi (2019) Constraining the
coronal heights and readjustment velocities based on the detection of a few hundred
seconds delaysinthe Z source GX 17+2,ApJS, 244, 5.

284.Rathul Nath Raveendran, and L. Sriramkumar (2019) Viable scalar spectral tilt and
tensor-to-scalar ratio in near-matter bounces, PhRvD, 100, 83523.

285. Debottam Nandi, and L. Sriramkumar (2020) Can non-minimal coupling restore the
consistency condition in bouncing universes?, PhRvD, 101, 43506.

286. Swadesh Chand, Vivek Kumar Agrawal, Gulab C. Dewangan, Prakash Tripathi, and
Parijat Thakur (2020) 2016 outburst of H 1743 —322: XMM —Newton and NuSTAR
view, ApJ, 893, 142.

287.Bivudutta Mishra, Pratik P. Ray, Sunil Kumar Tripathy, and Kazuharu Bamba (2019)
Axially magnetized dark energy cosmological mode, MPLA, 34, 1950217.

288.Parbati Sahoo, Snehasish Bhattacharjee, Sunil Kumar Tripathy, and Pradyumn
Kumar Sahoo (2019) Bouncing scenario in f{(R, T) gravity, MPLA, 35, 2050095.

289.Sunil Kumar Tripathy, Rakesh Kumar Khuntia, and Priyabrata Parida (2019)
Bouncing cosmology in an extended gravity theory, EPJP, 134, 504.
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290. Sunil Kumar Tripathy, and Bivudutta Mishra (2020) Phantom cosmology in an
extended theory of gravity, ChdPh, 63, 448.

291.Sunil Kumar Tripathy, Subingya Pandey, Alaka Priyadarsini Sendha, and Dipanjali
Behera (2020) Bouncing scenatrio in Brans—icke theory, [IJGMM, 17,205005.

292.Vinutha Tummala, K. Sri Kavya, and G. Sree Devi Kumari (2019) Five dimensional
little rip cosmological models in general relativity, JPh. Conf. Series, 1344, 12037.

293.Vinutha Tummala, V. Uma Maheswara Rao, and Bekele Getanch Gebresilassie(2019)
Kantowski-Sachs generalized ghost dark energy cosmological model in Saez-Ballester
scalar-tensortheory, JPh. Conf. Series, 1344, 12035.

294 .Vinutha Tummala, V. Uma Maheswara Rao, and Bekele Getanch Gebresilassie
(2019) Kantowski-Sachs new holographic dark energy cosmological model with
quintessence, Prespacetime J., 10, 500.

295.Vinutha Tummala, V. Uma Maheswara Rao, and Molla Mangesha Nigus (2019)
Modified holographic Ricci dark energy model in a scalar tensor theory of gravitation,
AfRVP, 14,72.

296. Vinutha Tummala, Gumpula Satyanarayana, B. Raja Shekar (2019) Non-static plane
symmetric dark energy universe with cosmic strings in general relativity, JRBAS, 1, 47.

297.Vinutha Tummala, B. Raja Shekar, and Gumpula Satyanarayana (2019) Non-static
plane symmetric dark energy with string cosmological model in self creation theory,
JPh. Conf. Series, 1344, 12034.

298. Kurella Deniel Raju, M.P.V.V. Bhaskar Rao, Yerramsetti Aditya, Vinutha Tummala, and
D. R. K. Reddy (2020) Kantowski-Sachs universe with wet dark energy fluid and
massive scalar field, CaJPh [https://doi.org/10.1139/cjp-2019-0563].

299. Kurella Deniel Raju, Vinutha Tummala, Yerramsetti Aditya, and D. R. K. Reddy (2020)
Bianchi type-V string cosmological model with a massive scalar field, Ap&SS, 365, 28.

300. Vinutha Tummala, and K. Sri Kavya (2020) Bianchi type cosmological models in f( R,
T) theory with quadratic functional form, EPJP, 135, 306.

301. Mir Faizal, Sergey E. Korenblit, A. V. Sinitskaya, and Sudhaker Upadhyay (2019)
Corrections to scattering processes due to minimal measurable length, PhLB, 794, 1.

302.Nadeem-ul-Islam, Prince A. Ganai, and Sudhaker Upadhyay (2019) Thermal
fluctuations to thermodynamics of non-rotating BTZ black hole, PTEP, 2019, 103B06.

303.Behnam Pourhassan, Hoda Farahani, and Sudhaker Upadhyay (2019)
Thermodynamics of higher order entropy corrected Schwarzschild-Beltrami-de Sitter
black hole, IJMPA, 34, 1950158.

304.Saheb Soroushfar, Reza Saffari, and Sudhaker Upadhyay (2019) Thermodynamic
geometry of a black hole surrounded by perfect fluid in Rastall theory, GReGr, 51, 130.
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305. Sudhaker Upadhyay, Mushtaq B. Shah, and Prince A. Ganai (2019) Lorentz-violating

gaugeon formalism for rank-2 tensortheory, MPLA, 34, 1950245.

306. Saheb Soroushfar, and Sudhaker Upadhyay (2020) Accretion disks around a static

black hole in f® gravity, EPJP, 135, 338.

307. Saheb Soroushfar, and Sudhaker Upadhyay (2020) Phase transition of a charged AdS

black hole with a global monopole through geometrical thermodynamics, PhLB, 804,
135360.

308. Vipin Kumar Sharma, Bal Krishna Yadav, and Murli Manohar Verma (2020) Extended

galactic rotational velocity profiles in f® gravity background, EPJC, 80, 619.

(b) PROCEEDINGS

1.

Sneha Kachhara, and G. Ambika (2019) Complexity measures to detect cardiac
abnormalities, Workshop on Data Analysis and Machine Learning, IISER, Tirupati.

Sneha Kachhara, and G. Ambika (2019) Recurrence network measures of ECG data
sets, 16" International Workshop on Complex Systems and Networks, Humboldt
University, Berlin.

Sneha Kachhara, and G. Ambika (2020) Cardiac dynamics from recurrence networks
of ECG data, 6th International Conference on Complex Dynamical Systems and
Applications, Central University of Rajasthan, Bandar Seendri, Ajmer.

Arunima Banerjee (2019) The specific angular momenta of superthin galaxies: Cue to
their origin?, The Functioning of Galaxies: Challenges for Newtonian and Milgromian
Dynamics, University of Bonn, Germany.

Ankush Ankush, Rishu Verma, and Bhag Chand Chauhan (2019) SNO constraints on
sterile neutrino flux in solar neutrino data, The 7" HSCA International Conference,
Chitkara University, Himachal Pradesh.

Gazal Sharma, and Bhag Chand Chauhan (2019) Revisiting quark lepton
complementarity model: Its present status, The 7" HSCA International Conference,
Chitkara University, Himachal Pradesh.

Rishu Verma, Ankush Ankush, and Bhag Chand Chauhan (2019) Planck Misson
constraints on relic density of neutrinos, The 7" HSCA International Conference,
Chitkara University, Himachal Pradesh.

Rukmini Jagirdar, Shanti Priya Devarapalli, P. Jishnu, and G. Vinay Kumar (2020) A
comprehensive study of the sdB+dM binary TYC 3315-1807-1, Contributions of the
Astronomical Observatory, Skalnat Pleso, 50,627.

Rukmini Jagirdar, Shanti Priya Devarapalli, M. Raghu Prasad, and P. Ravi Raja (2020)
Photometric study of 61 totally eclipsing contact binaries from the ASAS, OGLE,
HATNet, AST3 and TESS databases, Contributions of the Astronomical Observatory,
Skalnat Pleso, 50, 436.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Arka Chatterjee, Broja G. Dutta, Dusmanta Patra, Sandip K. Chakrabarti, and Prantik
Nandi (2019) Discovery of jet-induced soft lags of XTE J15650-564 during its 1998
outburst, Multidisciplinary Digital Publishing Institute, Proceedings of Universe, 17, 8.

Ayesha Anjum, C. S. Stalin, Shivappa B. Gudennavar, and S. G. Bubbly (2019) Mid-
infrared variability characteristics of Fermi blazars, International Conference on
Infrared Astronomy and Astrophysical Dust, IUCAA.

Sneha Prakash Mudambi, Shivappa B. Gudennavar, Bari Magbool Bhat, Ranjeev
Misra, S. G. Bubbly, et al. (2020) Spectro-timing properties of MAXI J1820+070 during
rising phase of its outburst using AstroSat, 38" Meeting of the Astronomical Society of
India, ISER, Tirupati.

Neal Titus Thomas, Shivappa B. Gudennavar, S. G. Bubbly, and Ranjeev Misra (2020)
AstroSat’ view of the neutron star low mass x-ray binary GX 340+0, 38" Meeting of the
Astronomical Society of India, IISER, Tirupati.

Samarjit Chakraborty, Sarbari Guha, and Dibyendu Panigrahi (2019) Evolution of FRW
universe in variable modified Chaplygin gas model, International Conference on
Gravitation and Cosmology, ISER, Mohali.

Samarjit Chakraborty, Sarbari Guha, and Rituparno Goswami (2019) An investigation
on gravitational entropy of cosmological models, International Conference on
Gravitation and Cosmology, IISER, Mohali.

Sucheta Datta, and Sarbari Guha (2019) Propagation of gravitational waves in
anisotropic universe, International Conference on Gravitation and Cosmology, IISER,
Mohali.

Sarbari Guha (2019) Generalized second law of thermodynamics in FRW universe
with Chaplygin gas models, International Conference on Gravitation and Cosmology,
[ISER, Mohali.

Sarbari Guha (2019) Non-linear dynamical systems in general relativity and
cosmology, International Symposium on Nonlinear Dynamics, Belgrade, Serbia.

Sarbari Guha, and Samarjit Chakraborty (2019) On the gravitational entropy of
accelerating black holes, International Conference on Gravitation and Cosmology,
[ISER, Mohali.

Priya Hasan (2020) S/G-39, The velocity dimension with Gaia DR2: Focus on the
binary cluster h + xPersei, 38" Meeting of the Astronomical Society of India, IISER,
Tirupati.

Syes Najamal Hasan, and Priya Hasan (2020) Mass segregation in the Gaia era, 38"
Meeting of the Astronomical Society of India, ISER, Tirupati.

M. S. Biji, and P. R. Prince (2019) Solar origin time determination of the SIEO events

from 2008-2015, National Conference on Fundamental and Applied Physics, University
College, Thiruvananthapuram.
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Devi R. Nair, and P. R. Prince (2019) Some parametric studies of geomagnetic storms
during solar cycle 23, National Conference on Fundamental and Applied Physics,
University College, Thiruvananthapuram.

Trupil Limbasiya, Debasis Das, and Sanjay K. Sahay (2019) Secure communication
protocol for smart transportation based on vehicular cloud, International Joint
Conference on Pervasive and Ubiquitous Computing, Procds. ACM International
Symposium on Wearable Computers.

Trupil Limbasiya, and Sanjay K. Sahay (2019) Secure and energy-efficient key-
agreement protocol for multi-server architecture, Comm. Comp. Info. Sci., Procds. SKM
-2019, 1186, 82.

Tejpreet Kaur, and Sandeep Sahijpal (2019) Formation and evolution of milky way
galaxy: Abundance trends of stable and short-lived nuclides, CEMP Stars as Probes of
First-Star Nucleosynthesis, the IMF, and Galactic Assembly, University of Geneva,
Switzerland.

Tejpreet Kaur, and Sandeep Sahijpal (2019) Abundance predictions for stable and
short-lived nuclides and origin of the solar system, WE-Heraeus Summer School on
Nuclear Physics in Astrophysics, Max Planck Institute for Nuclear Physics, Heidelberg,
Germany.

Vishal Goyal, and Sandeep Sahijpal (2020) Revisiting the lower bound on the initial
temperature of accreting moonlets, Indian Planetary Science Conference, Physical
Research Laboratory, Ahmedabad.

Anuj Gupta, and Sandeep Sahijpal (2020) Wolf-Rayet stars as a source of pre-solar
grains, Indian Planetary Science Conference, Physical Research Laboratory,
Ahmedabad.

Tejpreet Kaur, and Sandeep Sahijpal (2020) Origin of solar system in context of the
chemical evolution of the milky way galaxy, Indian Planetary Science Conference,
Physical Research Laboratory, Ahmedabad.

(c) BOOKS AUTHORED

Dharam Vir Ahluwalia

Mass Dimension One Ferminos, Cambridge Monographs on Mathematical Physics,
Cambridge University Press (2019) ISBN: 9781107094093.

Naseer Igbal Bhat, and Tabasum Masood

« Ancient Astronomical Culture of Kashmir Valley (India), Woven Words Publishers OPC

Pvt. Ltd., Hyderabad, India (2019) ISBN: 978-93-88762-10-6.

Mohit Kumar Sharma, and Suresh Chandra

« A Textbook of Astronomy and Astrophysics, |. K. International Pvt. Ltd., New Delhi (2019)
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ISBN: 978-93-86768-49-0.

e Fundamentals of Mechanics, |. K. International Pvt. Ltd., New Delhi (2019) ISBN: 978-93-
86768-70-4.

(d) BOOKS EDITED
Farook Rahaman, and Saibal Ray

« Classical and Quantum Approaches to Black Holes, Other Editors: |. Radinschi, T.
Grammenos, and |.-C. Yang, AHEP, Hindawi (2019).

» Dark Matter and Dark Energy in General Relativity and Modified Theories of Gravity,
Other Editors: |I. Radinschi, C. A. Vasconcellos, and T. Grammenos, AHEP, Hindawi
(2019).

e Theory and Mathematical Aspects of Black Holes, Other Editors: |. Radinschi, and T.
Grammenos, AXIOMS (2020).

(e) BOOK REVIEW

« G.Ambika, and K. P.Harikrishnan

« Methods of Non-Linear Time Series Analysis and Applications: Dynamics and Control of
Energy Systems, Editors: A. Mukhopadhyay, S. Sen, D. N. Basu, and S. Mondal, p 9,
Springer, doi:10.1007/978-981-15-0536-2_2 (2020).

(f) SUPERVISION OF PhD THESES

Himadri Sekhar Das

 Title: Study of Physical Properties of Cosmic Dust from Light Scattering.
Student: Prithish Halder

Ujjal Debnath

 Title: Consequences of Various Types of Dark Energy Models in Accelerating Universe
and Study of Black Holes.
Student: Pameli Saha

« Title: Study of Inflationary Universe and Cosmological Phenomena of Dark Energy
Models.
Student: Jyotirmay Das Mandal

Anirudh Pradhan

« Title: Study of Some Dark Energy Models with Accelerated Expansion of the Universe.
Student: Priyanka Garg

Farook Rahaman
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 Title: Relativistic Models of Compact Stars and Wormholes.

Student: Tuhuna Manna

Title: Features of Galactic Dark Matter and Observational Constraints.
Student: Sk Nasarul Islam

Saibal Ray

« Title: Gravastars in General Relativity.

Student: Shounak Ghosh

- Title: Studies on Strange Stars in General Relativity and Alternative Gravity.

Student: Debabrata Deb

« Title: Homotopy Theorem in Astrophysical System.

Student: Abdul Aziz

(9) AWARDS AND DISTINCTIONS

Arunima Banerjee

Award of a project titled: Shape and Orientation of the Dark Matter Halo of the Milky
Way in the Era of Gaia, by the Department of Science and Technology, Government of
India.

Aru Beri

Appointed as a Junior Member of the International Astronomical Union, June 2019.
Awarded Royal Society Newton International Alumni Fellowship, August 2019.

Appointed as a Young Member in the country team representing India in the International
Conference on Women in Physics, to be held at Melbourne, July 2021.

Included as a Female Scientist of Athena Science Working Group on the International
Day of Women and Girls in Science, February 2020.

Awarded funding from ISRO to hire a JRF for Utilization of AstroSat Archival Data.

Ritabrata Biswas

First prize in oral presentation (Mathematics), Fourth Regional Science and Technology
Congress (Western Region) The University of Burdwan and Department of Science,
Technology and Biotechnology, Government of West Bengal, for the paper titled: Lower
Limit of Shear Viscosity to Entropy Density Ratio: String Theoretic Predictions Versus
Dark Energy Accretion Results, 2019.

Outstanding paper award in oral presentation (Mathematics), Twenty Seventh State
Science and Technology Congress, The Department of Science, Technology and
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Biotechnology, Government of West Bengal, for the paper titled: Lower Limit of Shear
Viscosity to Entropy Density Ratio: String Theoretic Predictions Versus Dark Energy

Accretion Results, 2020.

Ramesh Chandra

Elected as a Member of National Academy of Sciences, India.
Surajit Chattopadhyay
Elected as a Fellow of the Royal Astronomical Society, London, 2020.

Elected as a Senior Member of International Union of Radio Science (URSI), Belgium,
2019.

Abhirup Datta

Principal Investigator of the SPARC proposal titled: Pilot Survey of CMB Polarized
Foregrounds using a Single Dish, 2019 -2021.

Co-Principal Investigator of the SPARC proposal titled: Imaging the First Billion Years
of the Universe with Next-Generation Telescopes, 2019 -2021.

Principal Investigator of the CSIR-EMR project titled: 27 cm Cosmology with the
Square Kilometre Array, 2019.

Co-Principal Investigator of the CSIR-EMR project titled: Imaging Diffuse Emission
and Possible SZ Signatures in Galaxy Cluster Mergers at High Frequencies, 2019.

Co-Principal Investigator of the ISRO —SEAMS project titled: Astrophysics Space
Mission.

Jibitesh Dutta

Award of a project titled: Challenging General Relativity at the Largest Scales: A
Systematic Investigation of Cosmological Perturbations in Modified Gravity, by the
Science and Engineering Research Board, Department of Science and Technology,
Government of India.

Gaurav Goswami

Co-Principal Investigator of the project titled: Cosmological Dark Matter, Primordial Black
Holes, Bose-Einstein Condensates, and Charge Asymmetry of the Universe, under the
Indo - Russian Joint Proposal, by the Department of Science and Technology,
Government of India.

Shivappa B. Gudennavar

warded a major research project titled: Spectro-timing Studies on X-ray Binaries with
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AstroSat, by the Centre for Research Projects, Christ (Deemed to be) University),
Bengaluru.

« Awarded a major research project titled: Investigations on Spectral and Timing Properties
of Low Mass X-ray Binaries using AstroSat, by the Indian Space Research Organization,
Bengaluru.

Biswajit Pandey

« Awarded a research project code: CRG/2019/001110, by the Science and Engineering
Research Board, Department of Science and Technology, Government of India.

Surajit Paul

 NCRA Press Release: Pune Astronomers Lead the Discovery of a New, Rare Type of
Radio Sources using the GMRT [http://www.ncra.tifr.res.in/ncra/outreach/press-
releases/press-note-for-eisers.pdf].

« IUCAA Press Release: Indian Scientists Discover Vital Clues to Identify the Source of the
Highest Energy Cosmic Rays — Particles Coming to Earth from the Universe
[https://www.iucaa.in/news/CR/].

Anirudh Pradhan, and B. Sarkar

« Patent for the invention: A Cylindrical Water Phantom for Machine and Patient Specific
Dose, Official Journal of the Patent Office, Issue No. 38/2019, Dated September 20, 2019,
43207.

Farook Rahaman

» Elected as a Fellow of Royal Astronomical Society, London, 2019.

« Principal Investigator of the project titled: Theoretical Study on Dark Matter, Gravastar
and Wormhole Spacetimes, by the Science and Engineering Research Board,

Department of Science and Technology, Government of India.

« Principal Investigator of the project titled: /nvestigation of the Physical Properties and
Characteristics of Some Astrophysical Objects, by JU-RUSA2.0.

Shantanu Rastogi
- Elected as the Vice-President of the Astronomical Society of India.
Parijat Thakur

« Awarded a project titled: Exploring the Environment of the Black Hole with the X-ray
Binaries using the Archival Data of AstroSat, by the Indian Space Research Organization.
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Department of Physics, Cooch Behar Panchanan Barma University (CBPBU),
Cooch Behar

(Coordinator: Ranjan Sharma)

Areas of Research

Theoretical Astrophysics, and Cosmology.

The department has two faculty members, and ten research scholars, working in the field of theoretical
astrophysics and cosmology. The department offers specialization in General Relativity, Astrophysics and
Cosmology at the post-graduation level.

Colloquia/ Seminars

A colloquium at the Department of Physics, CBPBU, by Simome Giacche, and Alessia Palmese (Institute of
Theoretical Physics, University of Giessen, Germany), on April 29, 2019.

A seminar at the Department of Physics, CBPBU, by Sujay Paul (Department of Atmospheric Sciences,
University of Calcutta, Kolkata), on September 19, 2019.

CBPBU hosted Rituparno Goswami (School of Mathematics, Statistics and Computer Science, University of
KwaZulu-Natal (Westville Campus), Durban, South Africa) during January 8 — 11, 2020. He delivered
lectures, and interacted with the faculty members, research scholars, and students of the university.

Publications using ICARD Facilities

S. Thirukkanesh, Ranjan Sharma, and Sunil D. Maharaj (2019) Anisotropic generalization of Vaidya-
Tikekarsuperdense stars, EPJP, 134,378.

Kalikkuddy Komathiraj, Ranjan Sharma, Shyam Das, and Sunil D. Maharaj (2019) Generalized Durgapal-
Fuloria relativistic stellar models, JApA,40,37.

Ranjan Sharma, Shyam Das, Megan Govender, and Dishant M. Pandya (2020) Revisiting Vaidya and
Tikekar stellar model in the linear regime, AnPhy, 414,168079.

Outreach Programmes

Ranjan Sharma delivered a public lecture when he visited the University of KwaZulu-Natal, South Africa,
during June 2 — 23, 2019 for collaborative research work.
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Department of Physics and Astrophysics, University of Delhi

(Coordinator: T. R. Seshadri)

Areas of Research
« Astronomy, Astrophysics, and Cosmology.
Lecture Series

+ On Gravitational Radiation, by Mohd. Sirtaz (University of Delhi): (i) Emission of electromagnetic radiation
and gravitational radiation due to dyon-dyon interaction, (ii) Interaction of gravitational waves with test
masses, and (iii) Transverse traceless gauge and spin of the graviton.

+ On Plasma Physics, by Sunil Malik (University of Delhi).
Seminars
« X-ray Astronomy, by Panini Shrikant (lIA, Bengaluru).

¢ Quantum Process in Electromagnetic and Gravitational Background: A Comparison, by Manjeet Kaur
(University of Delhi).

Observational Proposals

+  Magnetic field profile in galaxy clusters by rotation measure of background QSOs.
+ Probing magnetic field structure in galaxy clusters using RM and depolarization.
Workshop

« School on Introductory General Relativity and Cosmology: This school was conducted at the Central
University of Tamil Nadu, Thiruvarur, during January 4 — 11, 2020. T. R. Seshadri, L. Sriramkumar, H.S.
Mani, and Dawood Kothawala were the resource persons, and they were assisted by Sampurnanand Jha,
and Ramkishor Sharma. Since it had been noticed that the Astronomy and Astrophysics (A & A) activities in
Universities of Tamil Nadu were very limited as compared to those in the rest of the country, it was felt that
such a workshop with special emphasis on teaching A & A in this region could correct this anomaly.

Publications using ICARD Facilities

« MGaveshna Gupta, Ramkishor Sharma, and T. R. Seshadri (2020) Scalar spectral index in the presence of
primordial black holes, JMPD, 29, 2050029.

+ Sunil Malik, Hum Chand, and T. R. Seshadri (2020) Role of intervening Mg Il absorbers on the rotation
measure and fractional polarization of the background quasars, ApJ, 890, 132.

« Ramkishor Sharma, Kandaswamy Subramanian,and T.R. Seshadri (2020) Gravitational wave generation in a
viable scenario of inflationary magnetogenesis, PhRvD, 101, 103526.

« Richa Kundu, Jose G. Fernandez-Trincado, Dante Minniti, Harinder P. Singh, Edmundo Moreno, et al.
(2019) The tale of the Milky Way Globular Cluster NGC 6362 -- |. The orbit and its possible extended star
debris features as revealed by Gaia DR2, MNRAS, 489, 4565.

« N. Kameswara Rao, David L. Lambert, Arumalla B. S. Reddy, Ranjan Gupta, ..., and Harinder P. Singh
(2020) Unveiling Vela — variability of interstellar lines in the direction of the Vela supernova remnant — IlI.
Na D and Ca Il K, MNRAS, 493, 497.
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Department of Physics, DDU Gorakhpur University

(Coordinator: Shantanu Rastogi)

Areas of Research

« Circumstellar and Interstellar Medium.

« Molecules of Astrophysical Importance.
- Star Clusters.

+ Atmospheric Aerosols.

+ Trace Gases in Planetary Atmospheres.

Amit Pathak (Banaras Hindu University, Varanasi), and Shantanu Rastogi (DDU Gorakhpur University) have
been studying various aspects of astrophysical mid-infrared emission features, and the possible carrier
polycyclic aromatic hydrocarbon (PAH) molecules. Theoretical studies on chemical pathways to formation of
pre-biotic molecules in interstellar medium are being done by Alka Mishra (Lucknow University). Numerical
codes developed to compute the energy dependent time-lag, and r.m.s. from a thermal Comptonized medium
have been performed by Sanjay Pandey (LBS (PG) College, Gonda). Continuous monitoring of atmospheric
aerosols at Gorakhpur is being carried out by Shantanu Rastogi.

Workshop

« Workshop on Exploring the Universe:The resource persons were: Durgesh Tripathi, Kanak Saha, Shantanu
Rastogi, and Sanjay Pandey (i) At the Department of Physics, DDU Gorakhpur University, on November
21, 2019, and (ii) At the LBS (PG) College, Gonda, on November 22, 2019.

Publications using ICARD Facilities

« Manisha Yadav, Shivani, Alka Misra, and Poonam Tandon (2019) Theoretical study of possible reaction
mechanisms for the formation of carbodiimide in the interstellar medium and polarizabilities of
carbodiimide, OLEB, 49, 89.

« Samuzal Barua, Vadakkumthani Jithesh, Ranjeev Misra, Gulab C. Dewangan, Rathin Sarma, and Amit
Pathak (2020) NuSTAR observation of Ark 564 reveals the variation of coronal temperature with flux,
MNRAS, 492, 3041.

¢ Mridusmita Buragohain, Amit Pathak, Itsuki Sakon, and Takashi Onaka (2020) DFT study on interstellar
PAH molecules with aliphatic side groups, ApJ, 892,11.

+ Prayagraj Singh, Aditya Vaishya, Shantanu Rastogi, and S. Suresh Babu (2020) Seasonal heterogeneity in
aerosol optical properties over the subtropical humid region of northern India JASTP, 201, 105246.

« Aftab Ahmad, Shivani, Alka Misra, and Poonam Tandon (2020) Theoretical approach to study the
formation of C2H40O2 isomers in interstellar medium through reaction between interstellar formaldehyde
molecules, RAA, 20, 14.

 Sanjay K. Pandey, and Ranjeev Misra (2020) Software to compute the energy dependent time-lag and r.m.s.
from a thermal comptonized medium, AstroSat Advanced Resources [http://astrosat-
ssc.iucaa.in/?q=data_and_analysis].

Public Lectures

« First ever real photograph of a black hole, by Shantanu Rastogi, DDUGU, April 12, 2019.

« Dynamics of the Sun's atmosphere, by Durgesh Tripathi (IUCAA), BHU, Varanasi, April 18, 2019
+  Moon: 50 years since first visit by man, by Shantanu Rastogi, DDUGU, July 20, 2019.
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Department of Physics, Gurukula Kangri University, Haridwar

(Coordinator: Hemwati Nandan)

Areas of Research

+ Classical Gravity, and Cosmology.

Research

+ Study of the shadows cast as well as deflection of light around a dual charged stringy black hole.

- Study of gravitational lensing around a rotating BTZ black hole in (2+1) dimensional gravity.

+ Investigating the geometry of a rotating black hole surrounded by quintessence in diverse contexts.

« Various gravitational aspects such as energy extraction (via the Penrose process and Superradiance),
particle collisions around a N=2, U(1)2 dyonic rotating black hole in the gauged supergravity model.

+ Collision of two massive particles with non-zero intrinsic spin moving in the equatorial plane in the
background of a Schwarzschild black hole surrounded by quintessential matter field.

Workshop

«  Mini-Workshop for Educators in Astronomy and Skywatch was organised on November 27, 2019,at the
Department of Physics, Gurukula Kangri University, Haridwar, in collaboration with Aryabhata Research
Institute of Observational Sciences (ARIES), Nainital.

Publications using ICARD Facilities

« Arindam Kumar Chatterjee, Kai Flathmann, Hemwati Nandan, and Anik Rudra (2019) Analytic solutions of
the geodesic equation for Reissner-Nordstrom—(anti—) de Sitter black holes surrounded by different kinds of
regular and exotic matter fields, PhRvD, 100, 24044.
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Amar Deep, Chhavi P. Pandey, Hemwati Nandan, K. D. Purohit, Narendra Singh, et al. (2019) Evaluation
of ambient air quality in Dehradun city during 2011-2014, JESS, 128, 96.

Nanda Kishore, Atul K. Srivastava, Hemwati Nandan, Chhavi P. Pandey, S. Agrawal, et al. (2019) Long-
term (2005-2012) measurements of near-surface air pollutants at an urban location in the Indo-Gangetic
Basin, JESS, 128, 55.

Amare Abebe, Mudhahir Al Ajmi, Maye, Elmardi, Hemwati Nandan, and Noor ul Sabah (2020) Shear-free
conditions of a Chaplygin-gas-dominated universe [arXiv: 2003.09441v1].

Anik Rudra, Hemwati Nandan, Radouane Gannouji, Soham Chakraborty, and Arindam Kumar Chatterjee
(2020) Energy extraction and particle acceleration around a rotating dyonic black hole in N = 2, U(1)2
gauged supergravity [arXiv: 1906.03566V5].

Prateek Sharma, Hemwati Nandan, Radouane Gannouji, Rashmi Uniyal, and Amare Abebe (2020)
Deflection of light by a rotating black hole surrounded by quintessence, IJMPA, 35, 2050155.

Outreach Programmes

Skywatch on November 27, 2019.

Honours/Distinctions/Awards

Hemwati Nandan has been offered Honorary Position of Extra-ordinary Associate Professor at the Center
for Space Research (CSR), North-West University, South Africa, for the period January 1, 2020 - December
31, 2022.

Shobhit Giri has been presented Young Scientist Award, for the best presentation of the work on Motion of
spinning test particle around Schwarzschild black hole (SBH) surrounded by quintessence, during the 14th
Uttarakhand State Science and Technology Congress, held at Dehradun during February 27 - 29, 2020.
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Department of Physics, BITS - Pilani, Hyderabad

(Coordinator: Rahul Nigam)

Areas of Research

« Measurement of Hubble Constant.

« Application of Machine Learning and Deep Learning.

« Effect of Primordial Magnetic Field on Early Structure Formation.
- Studies of Dense Matter in Neutron Star.

Research

«  We have tried to measure the Hubble constant based on various distance ladder based methods through
the already available unique data obtained from Hubble Space Telescope (HST). Our analysis is based on
parametric (T-test) as well as non-parametric statistical methods such as the Mann-Whitney U test and
Kolmogorov Smirnov test.

« We have been investigating the applications of novel algorithms using Machine Learning and Deep
Learning in Astronomy. We developed and implemented Generative Adversarial Network to generate CMB
data and then compared it with different data available from various experiments like WMAP and Planck.
Further, we are trying to extract CMB using a Multi-layer Perceptron (MLP) classifier trained on the CAMB
models. We further correlate the baryon density obtained from the power spectrum of simulated CMB
temperature maps with the corresponding map image and form the data set for training the neural network
model.

Workshops/Schools

« Physics and Observations of Stars, Virtual Observatory and its Tools, by Priya Hasan.
+ Gaia: The 3D Milky Way Mapper, by Najam Hasan.

« Telescope Making, by Tushar and Atharva.

Publications by using ICARD Facilities

« Smruti Smita Lenka, Prasanta Char, and Sarmistha Banik (2019) Properties of massive rotating proto
neutron stars with hyperons: Evolution and universality, JPhG, 46, 10.

« Somnath Mukhopadhyaya, and Sarmistha Banik (2020) Gravitational waves from r-mode instability of
massive young sub- and super-Chandrasekhar white dwarfs, EPJP, 135, 270.

+ Krishna Prakash Nunna, Sarmistha Banik, and Debarati Chatterjee (2020) Signatures of strangeness in
neutron star merger, ApJ, 896, 109.

« Rahul Nigam (2020) Corrections to halo model due to primordial magnetic field in a universe with non-
zero cosmological constant, Ap&SS, 365, 25.

« Amit Mishra, Pranath Reddy, and Rahul Nigam (2020) Baryon density extraction and isotropy analysis of
Cosmic Microwave Background using Deep Learning [arXiv: 1903.12253].

Outreach Programmes

We organized many sky observation sessions for the institute students as well as campus community. A
popular level talk was delivered by Rahul Nigam in BITS - Pilani, Hyderabad; and Osmania University,
Hyderabad, on Black Hole Physics.
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Department of Physics, Cochin University of Science and Technology
(CUSAT), Kochi

(Coordinator: Titus K. Mathew, and Co-coordinator: Charles Jose)

Areas of Research

Gravitation, Cosmology, andAstrophysics.

Research

We have shown that the first law of thermodynamics, dE=TdS+WdV cannot be formulated properly for a
non-flat universe using proper invariant volume. We have also investigated the status of the first law of the
form OdE=TdS in a non-flat universe, and then shown that the energy change, dE within the horizon and
the outward energy flux are not equivalent to each other in a non-flat universe when we use the proper
invariant volume.

Holographic Ricci dark energy evolving through its interaction with dark matter is a natural choice for the
running vacuum energy model. We have analyzed the relative significance of two versions of this model in
the light of SNla, CMB, BAO, and Hubble data sets using the method Bayesian inferences.

We have been also working on understanding the large scale structure of the universe using numerical
simulations and analytic models. In particular, we have been trying to use new statistical tools for
characterizing the largescale distribution of galaxies.

Workshop

Workshop on Emergent Gravity Paradigm: This workshop was conducted at CUSAT during November 8 —
10, 2019.The focus was on different aspects of emergent gravity phenomena. The key resource person was
T. Padmanabhan (IUCAA), and the others were: Dawood Kothawala (IIT — Madras, Chennai), Kinjalk
Lochan (IISER, Mohali), Sumanta Chakraborty (IACS, Kolkata), Karthik Rajeev (IUCAA), and Titus K.
Mathew.

Publications using ICARD Facilities

Thuruthipilly Hareesh, P.B. Krishna, and Titus K. Mathew(2019) First law of thermodynamics and
emergence of cosmic space in a non-flat universe, JCAP, 12, 24.

N. D. Jerin Mohan, P.B. Krishna, Athira Sasidharan, and Titus K. Mathew (2020) Dynamical system analysis
and thermal evolution of the causal dissipative model, CQGra, 37, 75007.

P. B. Krishna, and Titus K. Mathew (2020) Emergence of cosmic space and the maximization of horizon
entropy[arXiv: 2002.02121].

Paxy George, and Titus K. Mathew (2020) Bayesian analysis of running holographic Ricci dark energy,
MNRASIarXiv: 1906.08532].

Outreach Programmes

Seminar on Astronomy Scope and Opportunities for the Students, at St. Paul’s International School,
Kalamassery, June 22, 2019.

Workshop on Scientific Awareness, and 50 Years of Apollo Mission: This was conducted in association
with [JUCKLAM and KSSP for the general public, at CUSAT, July 12, 2019.

Public Lecture on History and Physics of Space Mission, at Aquinas College, Edakochi, August 1, 2019.
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+ Regional Training Programme on Annular Solar Eclipse, at ICARD, Department of Physics, CUSAT,
November 16, 2019.

« Regional Training Programme on Annual Solar Eclipse, at the Government College, Madappally,
Kozhikode, November 23, 2019.

+ Regional Training Programme on Annual Solar Eclipse, at the Government College, Kariavattom,
November 23, 2019.

« Annular Solar Eclipse Observation and Regional Training Programme, at ICARD, Department of Physics,
CUSAT, December 26, 2019.
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Department of Statistics, University of Calcutta, Kolkata

(Coordinator: Asis Kumar Chattopadhyay)

Areas of Research

Big Data Analysis Related to Astronomical Objects, Star Formation, Distance Determination, and Measure
of Chaos.

Large Scale Simulation.

Development of Computer Programmes and Statistical Techniques for Analysis of Astronomical Data.

Research

Exploring the origin of the formation of star clusters in our Galaxy and in Small Magellanic Cloud (SMC)
through simulated HR diagrams and compare with observed star clusters. The simulation study produces
synthetic H-R diagrams by Markov Chain Monte Carlo (MCMC) technique using star formation history
(SFH), luminosity function (LF), abundance of heavy metal (Z) and a big library of isochrones as basic
inputs and compares them with observed H-R diagrams of various star clusters.

Subjective classification of spiral galaxies is not suitable for studying the effect of bars on their physical
characteristics. In reality, it is to comprehend the complex correlations in a multivariate parametric space.
An objective classification of a large data set (26,089) of spiral galaxies were prepared as a value added
galaxy catalogue from SDSS DR 15 virtual data archive. Independent Component Analysis is used to
determine the observed features (namely ionised lines, Lick indices, photometric and morphological
properties). Subsequently, a K-means cluster analysis is applied to the 14 best chosen Independent
Components to obtain 12 distinct homogeneous groups.

Workshop/Seminar

Workshop on Statistical Applications in Astronomy and Astrophysics: This workshop was conducted at the
Department of Statistics, Assam University, Silchar, during November 20 — 22, 2019. The resource persons
were: Sanjeev V. Dhurandhar, Aditya Chattopadhyay, Gaurangadeb Chattopadhyay, Tanuka
Chattopadhyay, Atri Deshamukhya, Himadri Sekhar Das, Rama Shanker, and Dibyojyoti Bhattacahrjee.

National Seminar on Applications of Statistics in Natural Sciences: This seminar was organised at the
Departments of Statistics and Physics, St. Xavier's College, Kolkata, during December 16 - 17,2019. Poster
presentations showcasing the research of college and university teachers and research scholars from
different fields of natural sciences were arranged. There were specialized sessions by Ayanendranath Basu,
Saurabh Ghosh, Supratik Pal, and Rajesh Kumble Nayak.

Publications using ICARD Facilities

Abhishek Senapati, Tridip Sardar, Krishnendra Sankar Ganguly, Krishna Sankar Ganguly, Asis Kumar
Chattopadhyay, et al. (2019) Impact of adult mosquito control on dengue prevalence in a multi-patch
setting: A case study in Kolkata (2014 — 15), J. Th. Bio., 478, 139.

Suman Paul, and Tanuka Chattopadhyay (2020) Random fragmentation of turbulent molecular cloud lying
in the central region of giant galaxies,NewA, 80, 101423.

Sukanta Das, Tanuka Chattopadhyay, and Sailajananda Mukherjee (2020) Three dimensional episodic
model of star formation in galaxies in the presence of dissipation, MNRAS, 494, 4098.

Soumita Modal, Tanuka Chattopadhyay, and Asis Kumar Chattopadhyay (2020)Unsupervised classification
of eclipsing binary light curves through k-medoids clustering, J. App. Stat.,47, 376.

Outreach Programmes

Regular sky watch programmes were arranged by Tanuka Chattopadhyay at the University of Calcutta.
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Department of Physics, University of Calicut, Kozhikode

(Coordinator: C.D. Ravikumar)

Area of Research

Morphological Analysis of Galaxies, and High Energy Studies of Active Galaxies.

Research

Sruthi, Baheeja, and Vinod have been studying the connection between the central intensity ratio and
various other photometric and spectroscopic parameters in order to understand the co-evolution scenario
of galaxies. Sitha, Amina and Habib Rahman study broadband spectra of blazars in an attempt to unravel
the mysteries associated with production of extremely energetic emission from the central region of
galaxies.

Seminars

Astronomy Congress - 2019: The ICARD initiated its activities in the Department of Physics by joining
hands with Kerala Sastra Sahitya Parishad to conduct the Astronomy Congress-2019, during April 27-28,
2019, in connection with the celebrations of 50th anniversary of first Moon Landing. The fully residential
programme hosted about 150 participants, including over 100 students from schools in the districts of
Kozhikode and Malappuram. There were experiments to find due north, to understand precession of the
Earth, observation of Sun, and to mimic eclipses. There were demonstrations and presentations by K.
Pappootty, P. T. Ramachandran, Jiji Varghese, V. V. Manikandan, C. Subramanian, P. Sajin, llyas
Perumbilam, Ananthamurthy, P. Sudhir, A. Sreedharan, and C. D. Ravikumar. In addition, a night sky
watch was also conducted.

National Seminar on Observations and Research in Astronomy and Astrophysics: This seminar was
intended for motivated post-graduate students of Physics from colleges, affiliated to University of Calicut,
and was held during November 27-29, 2019. The resource persons were: K. Indulekha, Ajit Kembhavi,
Anand Narayanan, Sachin Pachat, Ninan Sajeeth Philip, G. Rajasekharan, A. N. Ramaprakash, C. S. Stalin,
and M. Vivek. In addition, there was a detailed telescope making and night sky watch session.

Outreach Programmes

Workshop on Tools and Techniques for Watching and Recording the Sky: The workshop, held during
December 20-21, 2019, was intended for students from nearby colleges, and public to get training to make
small telescopes, and observe the sky. Training was given on small ready-made telescopes. There was a
session on astrophotography also.

Solar Eclipse Watch: This was done in collaboration with Kerala Sastra Sahitya Parishad on December 26,
2019. Live observation of solar eclipse was conductedfrom five locations near the administrative block of
the University of Calicut using projection methods. Over 500 people participated in it.

Publication using ICARD Facilities

S. Aswathy, and C.D. Ravikumar (2020) Co-evolution of nuclear rings, bars and thecentral intensity ratio of
their host galaxies, RAA, 20,15.
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School of Physical Sciences, Swami Ramanand Theerth Marathwada
University (SRTMU), Nanded

(Coordinator: Madhav K. Patil)

Areas of Research

AGN Feedback in Galaxy Clusters: AGN residing in the deep potentials of the galaxy groups or clusters
play an important role in shaping morphology of the hot gas halos surrounding them, and result in the
formation of cavities or bubbles in the surface brightness distribution of the galaxy clusters. These cavities
are formed due to the displacement of the relativistic plasma by the radio jets originating from the central
AGN. Researchers from SRTMU are involved in investigating and quantifying the power injected by the
radio jets into the ICM by measuring pdV work of the cavities, and checks their balance with that
quantified by studying radio jets. This study involves analysis of high resolution X-ray data from Chandra X-
ray Telescope and multi-frequency radio data acquired using uGMRT. Collaborators in this study are
Somak Raychaudhary (IUCAA), Dharam Vir Lal (GMRT), Ishwar Chandra (NCRA), and Sachindra Naik
(PRL).

Soft X-ray Excess Emission from Type 1 AGNs: It is observed that a significant fraction of type T AGNs
exhibit soft X-ray excess emission below ~2 keV. Though several attempts have been made over last two
decades, origin of this soft X-ray excess has remained a major problem in the AGN research. Systematic
study of this component using the most advanced observing facilities like, Chandra and XMM-Newton, has
shown that the soft excess emission is a smooth continuum component rather than a blend of
emission/absorption features.

Correlation between X-ray vs. Optical/UV Variability of AGNs: Variability is the most striking property of
AGNs, whose observed brightness as well as spectral shapes are found to vary on various timescales from
minutes to years scale. Current AGN physics predict that the optical emission mostly comes from the
accretion disk, whereas the X-ray emission originates from the Compton up-scattering of disk photons in
the corona, which is present surrounding the central super massive black hole (SMBH). So it is obvious that
there must be a coupling between the disk and corona emission. Researchers from SRTMU with Ranjeev
Misra and Gulab Chand Dewangan (both from IUCAA), using the simultaneous observing capabilities at
Optical/UV and X - ray wavelengths of the space-born telescopes like AstroSat, XMM-Newton, and Swift
are involved in investigating the inter-band variability properties of AGN.

X-ray Binary Sources (XRBs): The researchers from SRTMU are involved in the study of XRB population in
star forming galaxies. This study is based on the X-ray data acquired using the LAXPC onboard of AstroSat,
and is carried out in collaboration with Ranjeev Misra and Gulab Chand Dewangan.

Dust Extinction and Multiphase ISM in Early-type Galaxies: The researchers from SRTMU are also
involved in the study of multiphase ISM in early-type galaxies in collaboration with S. K. Pandey (SRTMU)
and Ajit Kembhavi (IUCAA). This study is based on multi-frequency observations of early-type galaxies
selected from different environments.

Workshop/Lecture Series

International Workshop on LIGO-India (IWLI-2019): This workshop was organized during December 15
- 16, 2019 in association with [IUCAA, and Indian Space Research Organization (ISRO), Bengaluru. As the
proposed site of the LIGO-India falls within the jurisdiction of SRTMU (~ 60 km North), and therefore,
SRTMU naturally attracts more attention and is expected to play a lead role in generating interest among
the young talents from the nearby region. This workshop was intended mainly for young research scholars,
post-doctoral fellows and young faculty members from universities, science and engineering colleges.
Coordinators for this workshop were Ajit Kembhavi and Sukanta Bose (both from IUCAA), and Madhav K.
Patil (SRTMU).
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Lecture Series on General Theory of Relativity and Gravitational Wave Detection: A series of lectures
were given by Sanjeev Dhurandhar (IUCAA), during January 15 -16, 2020. There were more than 200
participants, consisting of MSc, MPhil, and PhD students, and faculty member. He covered Newtonian
Mechanics, Theory of Relativity, Spacetime Geometry, Curved Spacetime, GW Formation and their
Detection. He also shed light on building of the LIGO-India and its advantages for the researchers from this
region.

Visitors

A team of four senior scientists: Michael Landry, Joseph Giaime, Dennis Coyne, and Richard Savage (all
from LIGO Observatories, USA), along with Sanjit Mitra and Suresh Doravari (both from IUCAA) visited the
School on April 15, 2019, and had detailed discussions on the proposed activities at SRTMU, and its
involvement in the LIGO - India project with Udhav Bhosle (Vice Chancellor, SRTMU).

Anil Kakodkar visited the School of Physical Sciences, on June 18, 2019, wherein he interacted with the
faculty as well as MSc, MPhil and PhD students of the School.

Gadre (IIT — Bombay, Mumbai) visited the School on July 20, 2019, and interacted with the faculty and
students.

Outreach Programmes

Public lecture by Jayant Narlikar on Gurutviya Tarang — Gravitational Waves, was organised on December
15, 2019, and was intended for school, college students and the science loving general public at large
from Nanded city with a central theme to educate them on importance of the gravitational waves, and
implications of the up-coming LIGO — India project in the vicinity of this university. The public lecture was
attended by more than 5,000 and was the unique event in the history of the University.

Public lecture by Fredrick Raab on Challenges in Building GW Detectors was also arranged at MGM’s
College of Engineering, Nanded.

ICARD-SRTMU has been conducting wide range of science popularization activities as a part of the
science outreach of the University and the LIGO-EPO. Public lectures, demonstrations, sky-watch,
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discussions, lab visits, etc. are the regular features of the ICARD. The School of Physical Sciences of
SRTMU has recently developed an astronomical observatory, equipped with fully automated 16” ACF
Schmidt Cassegrain Smart Mount Computer Controlled MEADE Optical Telescope with SBIG ST-10XME
CCD camera, SBIG Self Guiding Spectrometer and SSP-3, SPP-3A backend detectors. The telescope is
housed in a 3.5 m fully steerable motor driven fibre dome procured from Sirius Observatories, Australia.
These facilities are being regularly used for conducting the science popularization activities. More than 50
schools and colleges, and hundreds of students from this region have visited this facility, where faculty and
research scholars of the School gave presentations, demonstrations, and slide shows. Faculty of the ICARD-
SRTMU regularly visit schools, colleges in this region and deliver popular/public lectures, conduct
workshops, hands-on activities, and seminars.

Madhav K. Patil has delivered the following public/popular lectures: (i) On Gravitational Waves: A Tool to
Explore Unexplored Universe, on October 15, 2019, at Lal Bahaddur Shastri College, Dharmabad, (i) On
World of Stars, on September 1, 2019, at Shivaji Science College, Kalburgi, (iii) On Opportunities in
Astronomy after Graduation and Post-Graduation, on September 30, 2019, at Maharashtra Mahavidyalaya,
Nilanga, and (iv) On Excitements in Astronomy, for the students of Toshniwal Mahavidyalaya, Hingoli, as a
part of their educational tour to School of Physical Sciences, SRTMU.

Slide show followed by visit to the observatory for BSc Final Year students of Gramin Mahavidyalaya,
Vasannagar, Mukhed.

Demonstrations followed by observatory visit for the students from Indira School, Nanded, on October 5,
2019.

Educational tour of more than 100 students from Yogeshwari Mahavidyalaya, Ambejogai, to the
observatory and astrophysics lab.

Public lecture on Wonders in the Sky followed by sky-watch using 16” telescope on the occasion of the
National Science Day Celebration.
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School of Studies in Physics and Astrophysics, Pt. Ravishankar Shukla
University, Raipur

(Coordinator: Nand Kumar Chakradhari)

Areas of Research

 Supernovae, X-ray Binaries, Galaxies, and Variable Stars.

Research

« Study of type la supernovae has been carried out using optical photometric and spectroscopic data
obtained from 2m Himalayan Chandra Telescope. UV-optical photometric data of these events were also
archived from Swift-UVOT. This is an ongoing collaborative work of Nand Kumar Chakradhari, Shritika
Tiwari (ICARD, Raipur),G. C. Anupama, and Devendra Kumar Sahu (lIA, Bengaluru). Further, study of
chemically peculiar stars has been carried out in collaboration with Santosh Joshi (ARIES, Nainital).

 Spectral and timing analyses of X-ray Binaries, e.g., GRS 1915+105, GX339-4 have been carried out using
AstroSat and RXTE data by Kalyani Bagri, and S. K. Pandey (ICARD, Raipur), in collaboration with Jagdish
S. Yadav (TIFR, Mumbai), and Ranjeev Mishra (IUCAA).

« Study of central region of lenticular galaxies is being carried out by Mahendra Verma, and S.K. Pandey
(ICARD, Raipur), and Sudhanshu Barwey (lIA, Bengaluru).

Publications using ICARD Facilities

« Nand Kumar Chakradhari, Devendra Kumar Sahu, and G. C. Anupama (2019) Optical and UV studies of
type la supernovae SN 2009ig and SN 2012cg, MNRAS, 487, 1886.

« Mridweeka Singh, Kuntal Misra, Devendra Kumar Sahu, Raya Dastidar, ..., Nand Kumar Chakradhari, et
al.(2019) Observational properties of a type Ib supernova MASTER OT J120451.50+265946.6 in NGC
4080, MNRAS, 485, 5438.

« Daniel Nhlapo, Santosh Joshi, Bruno Letarte, Nand Kumar Chakradhari, and Sanjeev Kumar Tiwari (2019)
Ground-based photometric survey to search for the pulsational variability in Bp, Ap, and Am stars, BSRSL,
88, 248.

Outreach Programmes

« Invited/Public Lectures

(I) India in space, at the Regional Science Centre, Raipur, on September 25, 2019, (ii) Mathematics and
astronomy, at the School of Studies in Mathematics, Pt. Ravishankar Shukla University, Raipur, on September
26, 2019, (iii) Supernova explosions, in the International Seminar, at St. Josephs’ College, Darjeeling, during
October 21 - 22, 2019, (iv) Dr. Meghnad Saha and his research, in the National Seminar, at SCERT, Raipur,
on November 16, 2019, (v) A glimpse of thermonuclear Supernovae, and (vi) Spreading astronomy teaching,
both the talks in the 38th Meeting of the Astronomical Society of India, held during February 13 — 17, 2020, at
[ISER, Tirupati,

 Sky Watching Programmes at Raipur

gi))May 25, 2019, (ii) On the occasion of Partial Lunar Eclipse, July 16 — 17, 2019, (iii) INSPIRE Programme,
August 6 — 10, 2019, (iv) 46th ‘Jawahar Lal Néhru Childern’s Science Congress, SCERT, October 17, 2019, and
v On the Partial Solar Ecli se December 26 2019.
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+ Visit of Students

() Kalinga University, Raipur, visited ICARD, on November 8, 2019, and (ii) Government P. G. College,
Kurud, Dhamatari, visited ICARD, on November 21, 2019. On both the occasions, the students interacted
with the faculty members, and there were astronomical lectures, planetarium shows, and telescope and lab
demonstrations.

 Television Programmes

(i) Launch of Chandrayaan - 2, broadcasted live by Zee News MP Chhattisgarh Channel, July 22, 2019, (ii)
Vikram Lander, Prgyan Rover and Chandrayaan — 2, broadcasted live by IBC 24 Hour Channel, September 6,
2019, https://youtu.be/FLSOQfVu5fo, (iii) Soft Landing of Vikram Lander — Chandrayaan — 2, broadcasted live
by Zee News MP Chhattisgarh Channel, September 7, 2019 morning, (iv) Chandrayaan — 2, broadcasted live
by Zee News MP Chhattisgarh Channel, September 7, 2019 evening, and (v) Invited as an expert on Space
Missions of ISRO and Chandrayaan — 2, broadcasted live by Doordarshan Chhattisgarh Channel, September
8, 2019, https://youtu.be/vHrVtQGOT8o,

Honours

« Nand Kumar Chakradhari has been selected for INSA Visiting Scientist Fellowship 2020 — 21.
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Department of Physics, Tezpur University

(Coordinator: Rupjyoti Gogoi)

Areas of Research

Astronomical Observations, and Data Analysis.

Workshops/Schools

North East Meet of Astronomers (NEMA — V): Since 2015, Department of Physics, Tezpur University, in
association with ITUCAA, initiated a series of meetings to promote interaction and collaborations among
Astronomers of North East India. The idea of such meetings is to bring together young researchers including
faculty members, research scholars and advance level post-graduate students on a single platform to share
their current and future research ideas. NEMA-V was organized by thelCARD, during September 11-13,
2019. The resource persons were Durgesh Tripathi, and Kanak Saha from IUCAA, and their valuable
feedback and suggestions to the young researchers were much appreciated, making the interaction sessions
vibrant.

Workshop on Astronomical Data Analysis (WADA): The ICARD extended support to the Department of
Physics, Jagannath Barooah College, Jorhat, Assam, to organize this workshop during September 17 — 19,
2019. The workshop was intended for graduate and post-graduate students, research scholars and
college/university teachers from different parts of India, who have been working in the area of Astronomy
and Astrophysics. There were extensive hands-on sessions on AstroSat data analysis, conducted by the
research scholars, under the valuable guidance of Ranjeev Misra (IUCAA).

Workshop on Solar Astronomy and Safe Solar Observation: This workshop was organized on February 22,
2020 at Fakaruddin Ali Ahmed High School, Borghat, Tezpur. School students were grouped into different
teams and were taught to make sundial, and solar projector by using the kits supplied by the volunteers
from Tezpur University Astronomy Club. Interesting facts about Sun were explained by the volunteers with
the help of sundial and solar projector.

Publications using ICARD Facilities

Sonali Sachdeva, Rupjyoti Gogoi, Kanak Saha, Ajit K. Kembhavi, and Somak Raychaudhury (2019)
Formation of disc galaxies around z~2, MNRAS, 487, 1795.

Rukaiya Khatoon, Zahir Shah, Ranjeev Misra, and Rupjyoti Gogoi (2020) Study of long-term flux and
photon index distributions of blazars using RXTE observations, MNRAS, 491, 1934.

Pranjupriya Goswami, Atreyee Sinha, Sunil Chandra, Ranjeev Misra, ..., Rupjyoti Gogoi, et al. (2020)
Unravelling the unusually curved X-ray spectrum of RGB JO710 + 591 using AstroSat observations,
MNRAS, 492, 796.
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Department of Physics, Newman College, Thodupuzha

(Coordinator: Joe Jacob)

Areas of Research

Radio Astronomy, X-ray Astronomy, and Machine Learning.

Workshops/Schools

Workshop on Introduction to Astronomy and Astrophysics: The ICARD), in collaboration with the
Astronomical Society of Kerala (ASK) organized thisworkshop at the UC College, Aluva, during August 29 —
30, 2019, for the benefit of post-graduate, and highly motivated under-graduate students from various
colleges and universities in Kerala. The objective of the workshop was to foster interest in Astronomy and
Astrophysics among the students in the region and to motivate students to take up this stream of science
and explore the exciting possibilities in this field. The workshop consisted of lectures, sky watch, and
problem solving sessions, and was organized as a tribute to late Professor V. C. Kuriakose (Department of
Physics, CUSAT), the mentor for generations of astronomers from Kerala, whose remembrance day was
August 30. The resource persons were: K. Babu Joseph, K. Indulekha, Sajeeth Ninan Philip, Joe Jacob,
Minu Joy, Arun K. G., Charles Jose, Tharanath R., Nijo Varghese, Saneesh S., and Prasia P. The coordinator
was Joe Jacob.

Workshop for School Science Teachers: This workshop was organised on February 22, 2020, in
collaboration with the Breakthrough Science Society (BSS), as part of the National Science Day
Celebrations 2020. There were lectures on Building Scientific Temper, by P. N. Thankachen (Secretary,
Kerala Chapter, BSS), and on Teaching Science through Simple Experiments Performed using Things
Available in the Household, by K. K. Raveendran (BSS, Kottayam). The generation of electricity from
circuits made using potatoes and tomatoes, and the demonstration of the concept of center of gravity using
simple straws were much useful. The workshop was coordinated by Joe Jacob, and Noble C. Kurian
(Department of Physics, Newman College).

Outreach Programme

Students Seminar Competition on Recent Advancements in Physics: A contest for the students to present
the recent advancements in Physics as short seminars was conducted on the February 29, 2020, in the
occasion of the National Science Day. The aim was to develop the skill of literature search as well as
science presentation skills among students. Prizes were given to the best presentations.

Award

Joe Jacob was presented the prestigious Professor Sivaprasad Memorial Best Teacher Award in the state of
Kerala. He was selected from nearly one hundred applications, and the award consisted of Rs. 25,000/,
and a citation, and was given on June 15, 2019.
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BALANCE SHEET

The Bombay Public Trust Act, 1950. Schedule VIII [Vide Rule (1)]

Name of the Trust :
Address: Post Bag-4,Ganeshkhind, Pune-7.

INTER-UNIVERSITY CENTRE FOR ASTRONOMY & ASTROPHYSICS

Registration No. :F-5366 (PUNE) dated 27.1.1989.

BALANCE SHEET AS AT 31ST MARCH 2020
Sr FUNDS & LIABILITIES Schedule 31.03.2020
No. No. Rs.
1 Trust Fund / Corpus 6 1,99,59,969
2 Grant-In-Aid from UGC 7 1,23,77,65,083
3 Other Earmarked Funds and Project Grants 8 38,72,33,301
4 Projects and Other Payable 9 13,38,71,963
5 Current Liabilities 10 & 10A 28,46,92,162
6 Income and Expenditure a/c 14 (45,70,55,270)
Total 1,60,64,67,209
Sr ASSETS & PROPERTIES Schedule 31.03.2020
No. No. Rs.
1 Fixed Assets 11 78,39,55,437
2 Investments / Deposits 12 72,71,07,034
3 Project & Other Receivables 18" -5 1,75,18,248
4 Current Assets - 13
a) Cash, Bank balances & Revenue Stamps 2,06,18,754
b) Loans and Advances 13A 3,38,35,856
c¢) Deposits 29,57,616
d) Prepaid Expenses 1,32,24,866
e) Advance to Suppliers 13B 72,49,397
Total 1,60,64,67,209

/Vd{-g:-/—mr/éﬁﬁg,
M.S.Sahasrabudhe
Admin. Officer (Accounts)

Place :
Date :

For Inter-University Centre for Astronomy & Astrophysics

WAVES 71 ch{ owlizr
N. V. Abhyankar
(Sr.Admn.Officer)

“)‘(vw r‘;;)/"*
Prof. Somak Rayc}'laudhury

(Director / Trustee)

Pune
27.07.2020

As per Report of even date
For A.H.Joshi & Co.
Chartered Account

(Partner)
Membership No : 037772

Chairperson
Governing Board
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INTER - UNIVERSITY CENTRE FOR ASTRONOMY AND ASTROPHYSICS
IUCAA (An Autonomous Institution of the University Grants Commission)
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Ganeshkhind, Savitribai Phule University
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